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Abstract

Introduction: Mortality among adolescents living with HIV (ALHIV) remains a global health problem. We lack granular (age-
and sex-disaggregated) data on mortality among ALHIV, hence, this study aims to assess all-cause mortality among ALHIV in
a low-resource setting.

Methods: All adolescents ever initiated on antiretroviral treatment (ART, N = 1107) and their HIV-negative peers (N = 456)
aged 10-19 vears, recruited as part of the Mzantsi Wakho study cohort, were followed up between 2014 and 2022 (yield-
ing 12,427.7 person-years of follow-up). First, we assessed the proportion of deaths and estimated crude mortality incidence
rates per 100 person-years of follow-up and their 95% confidence intervals, stratified by HIV status, sex and mode of HIV
acquisition (vertical vs. sexual). We then estimated adjusted incidence rate ratios (IRRs) using Poisson regression adjusted for
time-varying age, sex and time on ART. Last, we used the Cox proportional hazards regression model to estimate the risk of
death by ART adherence.

Results: A total of 1563 adolescents and young people were included in this analysis, 70.8% ALHIV and 57% female. More
deaths occurred in ALHIV compared to their HIV-negative peers (8.3% vs. 0.4%, p<0.001). Among ALHIV, we observed a
significantly higher proportion of deaths among males compared to females (10.7% vs. 7.1%, p = 0.036). Overall, mortality
increased significantly with age, and males had a higher risk of mortality compared to females. Adolescents and youth living
with vertically acquired HIV had a higher risk of mortality than those living with sexually acquired HIV. Comparing mortality
rates by mode of HIV acquisition stratified by age and sex, mortality risk was higher among females aged 20+ years with
vertically acquired HIV (IRR: 3.61, 95% Cl 1.48-8.82) compared to females with sexually acquired HIV of the same age group.
In a sub-sample analysis, sustained ART adherence was associated with a lower risk of death (aHR: 0.44, 95% Cl 0.23-0.85).
Conclusions: ALHIV experience higher all-cause mortality than their HIV-negative peers, despite having initiated ART. Among
ALHIV, mortality risk was higher among males and adolescents who acquired HIV vertically. Strategies to improve survival
among ALHIV, including adolescent-tailored care and support for adherence to ART, are urgently needed.
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1 | INTRODUCTION

adolescents and youth, 10-24 vears, were living with HIV
in South Africa [6, 7]. Despite being initiated on antiretrovi-

Adolescents and youth represent a growing proportion of
people living with HIV worldwide [1]. About 90% of the
world’s population of adolescents living with HIV (ALHIV) live
in sub-Saharan Africa [2-4] and South Africa has the high-
est number of ALHIV [5]. In 2023, an estimated 624,567

ral treatment (ART), adolescents continue to experience life-
threatening health vulnerabilities, which significantly impact
their survival [1, 8, 9].

Studies of mortality in adults who initiate ART—in early
disease—generally show their life expectancies as similar to
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HIV-negative adults of the same age [10, 11]. However, few
similar investigations exist for ALHIV. Existing evidence shows
that mortality among ALHIV remains high compared to other
age groups [12, 13]. Suboptimal adherence to ART is one
factor that makes adolescents vulnerable to morbidity and
mortality [3, 14], and adolescent-centred interventions can
improve health outcomes and reduce mortality in this popu-
lation group. However, there is a shortage of disaggregated
data on mortality for this group to guide these interven-
tions, or to inform the most widely used global estimates
of HIV indicators, such as UNAIDS estimates [12]. Current
data are characterized by inconsistencies due to small sam-
ple sizes, limited follow-up periods and gaps [15]. Other data
from clinics or hospitals do not include comparisons with HIV-
negative peers, and there is limited data on whether adoles-
cents who are “lost-to-follow-up” (LFTU) have dropped out of
care, moved to other treatment services or died.

The objectives of this paper are two-fold. First, we explore
incidence rates of all-cause mortality among adolescents dis-
aggregated by HIV status and sex, and compare age-adjusted,
sex-stratified mortality rates by mode of HIV acquisition (ver-
tical vs. sexual). Second, we explored differences in all-cause
mortality rates by ART adherence using cohort data from
ALHIV.

2 | METHODS

2.1 | Study design and setting

This prospective cohort study of ALHIV was conducted in the
Eastern Cape province of South Africa between 2014 and
2022. The Eastern Cape is characterized by social and human
development challenges, poor infrastructure and poverty [16].
The province has an estimated overall HIV prevalence of
13.7% and an adult prevalence of 18.8% (ages 15-49) as of
2022.

2.2 | Study population, sampling and data
collection

The study’s primary focus was on ALHIV, and it followed
a four-step sampling strategy. First, we mapped all ART-
providing health facilities (N = 81) in the study area. Second,
a health facility was selected if it provided care to at least
five ALHIV, was a government facility and had a register with
records of all patients, including those LFTU. Fifty-two health
facilities—nine hospitals, five community health centres and
38 primary care clinics—were selected using these criteria.
Third, a roster of all eligible adolescent participants from the
52 facilities was prepared, including their clinic records (not
older than 3 years). Fourth, all adolescents aged 10-19 vyears
who had ever initiated or been on ART were approached to
participate in the study. Study recruitment started at health
facilities where adolescents had received or were receiving
treatment and care. To ensure a representative sample of
ALHIV, participants were traced to their communities, homes
or schools, including those who had disengaged from care
or were LTFU. To avoid unintended disclosure and prevent
potential stigmatization of ALHIV, an additional cohort of
same-age, HIV-negative peers (N = 456) from the neighbour-

ing or same home of the participant were invited to partici-
pate in the study. The same consent processes were followed,
and this recruitment strategy ensured that participants shared
similar environmental and socio-economic conditions. Initially,
recruitment focused on ALHIV; recruitment of HIV-negative
peers was introduced 3 months into the study, leading to a
smaller comparison group. In total, 1563 adolescents were
followed up three times between 2014 and 2018. At each
round, adolescents completed a self-reported questionnaire
on their health experiences at home, in their communities and
in healthcare settings, with the support of research assistants
trained in working with vulnerable adolescents. An additional
follow-up check-in was conducted for all participants between
2021 and 2022 using a shortened version of the question-
naire to assess their availability for future follow-ups, as well
as their mobility and mortality status. The time lag between
the initial follow-up and this check-in was due to funding con-
straints and logistical challenges related to COVID-19.

2.3 | Ethics approval

Ethical approvals were obtained from the University of
Cape  Town  (UCT/CSSR/2013/4,  UCT/CSSR/2022/01
and UCT/CSSR/2019/01) and Oxford University
(Oxford/CUREC2/12-21). Data-sharing agreements were
obtained from provincial Departments of Health and Edu-
cation, and the review boards of participating healthcare
facilities. Participants and their caregivers (when adolescents
were <18 years) provided voluntary written informed consent
for participation at all study waves, including follow-up check-
ins. All participants received a certificate of participation,
snacks and a small gift pack. Adolescents who refused to
participate received snacks and a small gift pack.

2.4 | Outcome: all-cause mortality

We ascertained all-cause mortality through community-based
reporting, that is reports from caregivers or relatives of the
adolescents followed up between 2014 (baseline) and 2022.
Baseline was defined as the date of study entry (Wave 1
interview date). Follow-up time included the time from the
baseline until death (for those who died) or 8 November 2022
(for living participants). Person-time was defined as an esti-
mate of the actual time-at-risk, in years, that all participants
contributed to the study (calculated for the follow-up period:
2014-2022). For this analysis, data for all participants were
censored when the following appeared first: (1) death; (2)
lost-to-study follow-up (censored at the last interview or con-
tact date); and (3) alive (censored at the end of follow-up).
Since we did not have the exact date of death for 65.3% of
participants, we used the median dates between the previous
date of contact and the latest date of follow-up as an estimate
of the date of death. The date of death was often missing as it
relied on caregiver or relatives’ recall, and, in some cases, was
affected by time gaps between death and follow-up contact.

2.5 | Key variables

HIV status: At baseline, HIV status for all participants was
determined through a multi-step verification process. All
potential participants were screened by trained research
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assistants using a health history approach, which included
pre-agreed questions about whether adolescents had ever
been sick or on long-term medication for >2 weeks. HIV-
positive status was then verified through a combination of
adolescents’ self-reports during health screening, caregiver
or healthcare provider confirmation and clinic records. Addi-
tionally, the HIV status variable was validated through lab-
oratory test data from the National Health Laboratory Ser-
vice of South Africa in 2022. Mode of HIV acquisition (verti-
cal vs. sexual) was determined by following standard meth-
ods in sub-Saharan African paediatric cohorts: age of ART ini-
tiation <10vyears [17, 18]. The age of ART initiation (cut-off
age: before 10 years) was selected as a conservative proxy
for participants who acquired HIV through mother-to-child
transmission. This allocation was validated and updated using
a detailed algorithm that considered other factors (i.e. self-
reported sexual history and parental death) in the absence of
definitive clinic notes or data ascribing mode of HIV acqui-
sition [19]. ART adherence: Five self-reported measures of
adherence were evaluated for sensitivity in detecting ele-
vated viral load [20]. These measures included missed doses
in the past 3 days, last missed dose (in the past week and
past month) adapted from the Patient Medication Adher-
ence Questionnaire [21] and the clinic appointment measure
added based on other study recommendations [22]. All five
measures had high test accuracy in detecting elevated viral
load (sensitivity over 75%) and were significantly associated
with viral load [20]. The five measures were used to catego-
rize adherence over the three time points, into four distinct
longitudinal trajectories using group-based trajectory mod-
elling [23]. The four distinct adherence trajectories: consis-
tent adherence, low start and increasing adherence, gradually
decreasing adherence, and low start and decreasing adher-
ence are described in more detail elsewhere [23]. The derived
categorical ART adherence trajectories were used as a predic-
tor in the sub-sample analysis assessing differences in mortal-
ity rates by adherence patterns. We defined sustained adher-
ence as 1 if the participant was categorized in the consistent
adherence trajectory and O otherwise.

Socio-economic factors included sex, rural residence, food
insecurity, lack of access to basic necessities, double orphan-
hood (maternally and paternally orphaned) and school non-
enrolment. Lack of access to basic necessities was defined
based on lacking access to any of the following eight basic
necessities: clothing, a doctor, school fees, shoes, toiletries,
uniforms and school equipment. These items were selected as
necessities by over 80% of respondents in a nationally repre-
sentative South African survey [24].

2.6 | Statistical analysis

Analyses were conducted in Stata (version 17.0, College Sta-
tion, StataCorp LP, TX). First, we calculated the all-cause
mortality rates stratified by HIV status and sex. We then
described mortality outcomes among ALHIV by mode of HIV
acquisition. Second, we estimated crude mortality rates per
100 person-years of follow-up, stratified by time-updated age
groups (10-14, 15-19 and 20+ years) and sex across ado-
lescent HIV acquisition groups (vertical and sexual). Mortal-
ity rates were calculated as the number of deaths divided by

the total number of person-years of follow-up for each age
group and sex stratum using the stptime function in Stata.
Third, we used Poisson regression with robust variances [25]
to estimate adjusted incidence rate ratios (IRRs) of mortal-
ity and their 95% Cls for ALHIV with vertically acquired HIV
compared to those with sexually acquired HIV. All IRRs were
adjusted for time-varying age (10-14, 15-19 and 20+ years),
sex and time on ART. We further fitted a Poisson regression
model to estimate overall mortality IRRs and their 95% Cls,
controlling for time-updated age groups, baseline demographic
characteristics and socio-economic factors described above.

Fourth, we used the Kaplan-Meier approach to describe
differences in the cumulative incidence of mortality by sus-
tained adherence. The log-rank test was used to determine
the statistical significance of the mortality differences. Fifth,
we use the Cox proportional hazards regression model to esti-
mate the risk of all-cause mortality (death) by ART adherence,
adjusting for age, sex, mode of HIV acquisition and time on
ART. Lastly, we conducted a sensitivity analysis on the multi-
variable Cox regression model by changing the date of death
to the mid-point date between the date of last contact and
the median follow-up date for all participants. Since partici-
pants enter the study at different ages, suggesting that age is
a left-truncated variable, we utilized a delayed entry approach
by setting the study entry age as the time point from which
participants were considered at risk for both Kaplan-Meier
and Cox regression analysis. This method ensured that par-
ticipants were not included in the at-risk set before their
study entry age, accounting for the varying ages at study
entry. This is a sub-sample analysis of those who completed
the questionnaire at all three time points, with observation
time starting after the third follow-up visit, to avoid immor-
tal time bias [26, 27]. Since age is time-varying, to esti-
mate mortality by age-at-risk, a lexis expansion [25] was con-
ducted to discretize the time-to-event variable into 1-year
intervals—structuring person-time and events into repeated 1-
year intervals per individual—across all time-to-event analyses
using Stata’s stsplit command.

3 | RESULTS

Overall, 1563 adolescents aged 10-19 years at baseline had a
follow-up (post-ART initiation) between 2014 and 2022, with
a loss-to-study follow-up of 7.9% at the latest follow-up, yield-
ing 12,427.7 person-years of follow-up. Table 1 shows the
characteristics at baseline and mortality outcomes by HIV sta-
tus. LTFU did not significantly differ between ALHIV and HIV-
negative peers, by mode of HIV acquisition (vertical vs. sex-
ual transmission) or by other baseline socio-economic factors,
but it was significantly higher among males (18% vs. 0.3%)
than females. The majority of the participants were living with
HIV and contributed 8722.7 person-years of follow-up, while
HIV-negative participants contributed 3705 person-years of
follow-up. Across these two groups, the proportion of female
participants was similar (57% for ALHIV vs. 60.3% for HIV-
negative peers). Mortality was high among ALHIV, and they
were 18 times more likely to die during adolescence than
their HIV-negative peers: (8.7% vs. 0.4%, p<0.001) over the
8 vyears. Overall, the proportion of deaths was significantly
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Table 1. Baseline characteristics and mortality among adolescents and youth in a South African cohort (N = 1563) by HIV status

Overall (n, %)
Person-years
Baseline characteristics
Age (years): median (Interquartile range)
Female (n, %)
Reported deaths
Overall (n, %)
Sex (n, %)
Male
Female
Rural residence
Food insecurity
Lack of access to basic necessities
Double orphanhood
Not enrolled in school

ALHIV Adolescents not living with HIV
1107 (70.8%) 456 (29.2%)
87227 3705
13 (11-16) 15 (12-17)
631 (57%) 275 (60.3%)
96 (8.7%) 2 (0.4%)
51 (10.7%) 1 (0.6%)
45 (7.1%) 1 (0.4%)
20 (7.1%) 2 (1.6%)
20 (10.6%) 1 (1.3%)
68 (9.4%) 2 (0.7%)
17 (10.4%) 0 (0%)
7 (10.3%) 0 (0%)

Table 2. Baseline characteristics and mortality among adolescents and youth in a South African cohort (N = 1107) by mode of

HIV acquisition

Adolescents living with Adolescents living with

vertically acquired HIV sexually acquired HIV

Overall (n, %)
Person-years
Baseline characteristics
Female (n, %)
Age at ART initiation (years): median (Interquartile range)
Time on ART: median (Interquartile range)
Reported deaths
Overall (n, %)
Sex (n, %)
Male
Female
Rural residence
Food insecurity
Lack of access to basic necessities
Double orphanhood
Not enrolled in school

833 (75.2%) 274 (24.8%)
6625.2 2097.5
423 (50.8%) 208 (75.9%)
6 (2-9) 16 (12-18)
6 (3, 10) 1(1, 3)
74 (8.9%) 22 (8.0%)
43 (10.5%) 8 (12.1%)
31 (7.3%) 14 (6.7%)
15 (7.3%) 5 (6.8%)
11 (8.5%) 9 (15.3%)
51 (9.4%) 17 (9.4%)
13 (10.1%) 4 (11.4%)
2 (14.3%) 5 (8.6%)

higher among ALHIV compared to HIV-negative peers across
all measured socio-economic factors: sex, rural residence, food
insecurity, lack of access to basic necessities, double orphan-
hood and school non-enrolment. Among ALHIV, we observed
a significantly higher proportion of deaths among males com-
pared to females (10.7% vs. 7.1%, p = 0.036).

3.1 | Mortality outcomes among ALHIV

Table 2 shows the characteristics of mortality for ALHIV.
Among ALHIV, 833 (75.2%) acquired HIV vertically and con-
tributed 6625.2 person-years with a median age at ART ini-

tiation of 6 years, and a median duration on ART at base-
line of 6 years. The remaining 274 acquired HIV sexually and
contributed 2097.5 person-years with a median age at ART
initiation of 16 years and a median time on treatment of 1
year. Overall, females comprised a higher proportion of sex-
ually acquired HIV than vertically acquired HIV (75.9% vs.
50.8%, p<0.001). Overall, the rates of mortality for both ado-
lescent HIV acquisition groups were comparable (8.9% vs.
8.0%). Comparing rates by sex, we observed a higher pro-
portion of deaths among males than females for both those
who acquired HIV vertically (10.5% vs. 7.3%) and sexually
(12.1% vs. 6.7%). The proportion of deaths was similar across
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Figure 1. Mortality incidence rates per 100 person-years and 95%
confidence intervals, by time-updated age and sex among ALHIV.

both groups, including by sex, rural residence, orphanhood
and lack of access to basic necessities. Food insecurity was
slightly higher in the sexually acquired group (15.3% vs. 8.5%),
while not being in school was highest in those with vertically
acquired HIV (14.3%).

Among adolescents and youth living with vertically acquired
HIV, the overall mortality incidence rate was 1.12/100 person-
years (95% Cl: 0.88-1.40) (Table S1). In this group, mor-
tality rates increased as age increased and were over four-
fold higher among 20+ years olds (4.46/100 person-years;
95% Cl: 3.09-6.21) compared to 15-19 vyears (0.98/100
person-years; 95% Cl: 0.68-1.37) and 10-14 years (0.32/100
person-years; 95% Cl 0.14-0.63) (Figure 1). Among adoles-
cents and youth living with sexually acquired HIV, the overall
mortality incidence rate was 1.05/100 person-years (95% Cl:
0.66-1.58), similar to the overall mortality incidence rate esti-
mated among those living with vertically acquired HIV. In this
group, there were no significant differences in mortality rates
across age groups or by sex.

Figure 2 and Table S2 show the mortality IRRs compar-
ing vertical versus sexual acquisition groups, stratified by sex
and time-updated age, adjusted for time on ART. Overall, we
found no significant differences in mortality incidence rates
between these HIV acquisition groups, in both males and
females. These results were similar for the 15- to 19-year-
olds. However, for 20+ year-olds, we found a higher risk of
mortality for vertical compared to the sexual HIV acquisition
group among females (IRR: 3.61, 95% Cl: 1.48-8.82).

Overall, age, sex and mode of HIV acquisition were signifi-
cantly associated with mortality among ALHIV (Table 3). Older
age groups: 15-19 vyear-olds (IRR: 3.77, 95% Cl| 1.74-8.16)
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g0
o7
+
S & Male *
& ~ Female *
o 9
NN
o5
! Male *

= Female —_————

5

5 Male —_———

-1.00 -0.50 0.00 0.50 1.00

Log of Mortality Rate Ratios for AYPHIV vs AYNPHIV

Figure 2. Mortality incidence rate ratios (IRRs) comparing mode
of HIV acquisition groups, stratified by sex and time-varying age.
“The 10-14 age group was dropped from Figure 2 as there were
no deaths in the sexually acquired HIV group, such that the ratio
is undefined. AYNPHIV, adolescents and vyouth living with non-
perinatally acquired HIV; AYPHIV, adolescents and youth living with
perinatally acquired HIV.

and 20+4-year-olds (IRR: 92.98, 95% Cl| 4.59-21.7) were associ-
ated with a higher risk of mortality relative to 10- to 14-year-
olds, males (IRR: 1.78, 95% CIl 1.16-2.72) were associated
with 1.78 times higher mortality relative to females, while
adolescents living with vertically acquired HIV (IRR: 2.03, 95%
Cl 1.12-3.65) were associated with 2.03 times higher mortal-
ity than those living with sexually acquired HIV.

3.2 | All-cause mortality rates by ART adherence

A total of 933 ALHIV were interviewed across all three time
points and were categorized into four longitudinal ART adher-
ence trajectories [23]. The proportion of participants who
died after the third follow-up by adherence trajectory group
was: 8.2% in the gradually decreasing, 5.3% in the low start
and increasing, 5.1% in the consistent adherence and 9.1%
in the low start and decreasing group. In total, 6.1% (N =
57) of adolescents and youth died after the third follow-
up, with noticeably different risks of mortality by trajectory
membership (Figure S1). The results exhibit a dose-dependent
relationship—although not statistically significant—between
mortality and various adherence trajectories, with mortality
decreasing systematically as ART adherence improves. Over-
all, compared to all other trajectory groups combined, ado-
lescents with sustained ART adherence (consistent adherence
trajectory) had significantly higher survival rates (log-rank p =
0.0112) (Figure 3). The risk of death was 55% lower in ado-
lescents with sustained adherence than in those with incon-
sistent adherence over time (aHR: 0.45, 95% CI 0.23-0.88; p
= 0.020) after adjusting for covariates (Table S3). A sensitiv-
ity analysis using the mid-point date between the date of last
contact and the median follow-up date for all participants as
the date of death showed consistent findings (Table S4).
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Table 3. Multivariable Poisson regression model for overall adjusted mortality incidence rate ratios among ALHIV (N = 1107)

Factors IRRs (95% ClI) p-value
Age group (time-updated)
10-14 years (reference) 1
15-19 years 3.77 (1.74-8.16) 0.001
20+ years 9.98 (4.59-21.7) <0.001
Baseline factors
Male 1.78 (1.16-2.72) 0.009
Adolescents and youth living with 2.03 (1.12-3.65) 0.019
vertically acquired HIV
Rural residence 0.79 (047-1.32) 0.366
Time on ART (years) 0.96 (0.91-1.02) 0.144
Food insecurity 1.24 (0.74-2.08) 0.407
Lack of access to basic necessities 1.22 (0.76-1.95) 0.406
Double orphanhood 0.99 (0.58-1.69) 0.974
Not enrolled in school 1.18 (0.51-2.74) 0.707

Abbreviation: 95% CI, 95 percent confidence interval.

Sustained ART adherence

1.00
0.90
2
S 0.80
=}
E HR=0.44, 95CI% (0.23-0.85)
E Log-rank p-value=0.0112
£ 0.701
=]
w
0.60
Inconsistent Adherence
osod T Sustained Adherence

T T T T T T T T T T T
10 12 14 16 18 20 22 24 26 28 30
Number at risk Time updated age (Years)

Inconsistent Adherence 0 174 303 410 478 393 266 155 66 2 0
Sustained Adherence 0 120 211 275 295 213 130 64 27 3 0

Figure 3. Kaplan-Meier estimates of all-cause mortality by antiretro-
viral treatment (ART) adherence (N = 933). Cl, confidence interval;
HR, hazard ratio for adolescents.

4 | DISCUSSION

This study provides disaggregated data on all-cause mor-
tality from a large prospective cohort of adolescents in
South Africa. We observed substantially higher mortality rates
among ALHIV compared to HIV-negative peers, with findings
suggesting that both HIV-positive status and socio-economic
vulnerabilities contribute to a higher risk of death among
ALHIV. We further observed significantly higher mortality
rates among ALHIV males compared to ALHIV females. Over-
all, our results showed that mortality increases with age,
with males and adolescents and youth living with vertically
acquired HIV at a higher risk of mortality. When comparing

adolescents’ mode of HIV acquisition, stratified by age groups
and sex, females aged 20+ years with vertically acquired HIV
had a higher risk of mortality compared to those with sexu-
ally acquired HIV of the same age group. Furthermore, adoles-
cents with sustained adherence had significantly lower rates
of all-cause mortality (aHR: 0.42; 95% CI 0.20-0.87).

Despite notable declines in mortality among people living
with HIV since the introduction of ART [28], we observed sig-
nificantly higher all-cause mortality among ALHIV compared
to HIV-negative peers, similar to those reported in other
studies [29-31]. Although survival has improved considerably
among ALHIV due to advancements in ART and care, a sig-
nificant gap remains in this population compared with the
general population. We further found marked sex differences
in the proportions of deaths, with higher mortality among
males than in females. These sex differences have been noted
in several studies [15, 30, 32]. For example, a Global Bur-
den of Disease Study assessing the global burden of adoles-
cent mortality showed that sex differences in adolescent mor-
tality continue to widen globally [15]. In South Africa, the
increased mortality risk in men aged 20+ years is consistent
with national trends, where young men experience a dispro-
portionate burden of deaths from violence, road traffic acci-
dents, injuries and substance misuse [33, 34]. Additionally,
poor male engagement in care [35] may contribute to sex dis-
parities [36]. As adolescents age into adulthood, more data on
the cause of death will be needed to allow for more accurate
assessments.

Our study also found that adolescents with vertically
acquired HIV have twice the risk of mortality than those
with sexually acquired HIV; these findings are similar to
those reported in other cohorts of ALHIV in Southern Africa
[32, 37]. For older adolescents and youth aged 20+ years,
we observed significantly higher mortality rates (3.61 times)
among those with vertically acquired HIV compared to those
with sexually acquired HIV. Female adolescents who have
acquired HIV more recently may be benefiting from early
diagnosis, improved care and modern ART availability. In turn,
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this group may have a lower risk of mortality compared to
female adolescents with vertically acquired HIV [4], a group
with long-term exposure to limited paediatric formulations
of ART regimens [38]. Moreover, as female adolescents liv-
ing with vertically acquired HIV transition to adulthood, they
become increasingly responsible for their health and move
away from caregiver-supported care, which may impact their
treatment outcomes [39]. Lastly, older female adolescents and
youth aged 20+ years are of reproductive age, and may expe-
rience challenges related to pregnancy, with those living with
vertically acquired HIV at greater risk of pregnancy-related
complications [40, 41].

This analysis also found that ALHIV with sustained ART
adherence had a 58% lower risk of death compared to those
who had inconsistent adherence over the study follow-up
period. The observed dose-dependent relationship between
mortality and various adherence trajectories underscores the
importance of sustaining high adherence to reduce mortal-
ity risk. These findings are consistent with research docu-
mented in other low- and middle-income countries [42-44]
that demonstrate that adherence to ART can prolong survival
among ALHIV. Empirical research suggests that poor ART
adherence leads to viral non-suppression, reductions in CD4
count, increased HIV transmission risk and subsequent clinical
failure, which increases the risk of death [45]. Evidence from
global cohorts also shows that ART interruptions, which can
lead to poor adherence, are associated with increased mortal-
ity [46, 47]. Therefore, sustained adherence to ART is critical
to the survival of ALHIV.

This study has several limitations. First, it describes all-
cause mortality, as we were unable to ascertain the cause
of death for participants. Further studies could investigate
the cause of death among adolescents, which was not pos-
sible with this dataset. Second, almost one-tenth of adoles-
cents were lost to study follow-up or had families unable to
be contacted, leading to gaps in the verification of mortality.
Third, the use of median dates for the missing date of death
may bias the estimated rates of mortality. Fourth, the focus on
adolescents 10-19 years results in a survivor bias, as individ-
uals with vertically acquired HIV would have had to survive
childhood to be eligible for inclusion. Fifth, while the mode
of HIV acquisition was determined using standard methods
and validated using a detailed algorithm that considered other
factors, some misclassification may still occur due to inherent
limitations in self-reported data. We also acknowledge that
the higher LFTU among males likely led to an underestimation
of mortality rates in this group. The key strength of this study
is that we used appropriate HIV-negative peers as a compari-
son group.

5 | CONCLUSIONS

This study provides mortality data disaggregated by HIV
status, age and sex, as well as comparing mortality by
mode of HIV acquisition. Consistent with previous studies in
sub-Saharan Africa, our findings indicate that ALHIV expe-
rience significantly higher mortality rates than their HIV-
negative peers, despite substantial improvements in HIV care
and treatment. This persistent gap in mortality highlights

the ongoing vulnerabilities faced by ALHIV, including barri-
ers to ART adherence, limited access to adolescent-friendly
healthcare and broader structural inequalities in resource-
constrained settings. Our findings also reinforce the critical
role of interventions to reduce mother-to-child HIV transmis-
sion and associated mortality risks, aligning with global efforts
to eliminate perinatal HIV transmission. Furthermore, there
is a need to improve the availability and quality of mortality
data, including cause-of-death reporting in ALHIV, to inform
UNAIDS estimates and guide policy in low-resource settings
[14]. Future research should explore the specific social and
structural determinants contributing to mortality disparities
among ALHIV to design more effective interventions.
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