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Abstract
Introduction: Antiretroviral treatment (ART) adherence rates are lower among adolescents living with HIV (ALHIV) than

among adults and children, but more evidence is needed on long-term sustained ART adherence among ALHIV. This study

assesses rates of sustained ART adherence in a cohort of adolescents in South Africa.

Methods: A prospective cohort of adolescents (10-19 years) living with HIV (baseline sample N = 1 046, 55% female, mean

age 13.6) in the Eastern Cape Province in South Africa were interviewed at baseline (2014-15) and followed-up twice (2015-

16, 2017–18). All adolescents ever initiated on treatment in 52 government health facilities were traced (with 90% uptake,

94% retention at Wave 2, and 97% retention at Wave 3, 3.4% mortality) and their clinic records were extracted where avail-

able. We investigate sustained ART adherence among adolescents interviewed at all three waves of data collection (N = 933).

To quantify adherence at each study wave, we used self-reported past-week adherence (including weekdays and weekends).

Self-reported adherence was validated using HIV-1 RNA viral load (>50 copies/mL cut-off) reported in clinic records, in a

random-intercept logistic regression.

Results and discussion: At baseline, approximately 66% (N = 615) of adolescents reported past-week ART adherence, and

of these 45.3% reported adherence at both baseline and follow-up. Only 37.1% of the sample reported sustained past-week

ART adherence over the three waves of the study. Most adolescents (N = 587, 62.9%) report inconsistent adherence across

time (including 6.4% disengaged from care). Older (P = 0.007) and adolescents with horizontally acquired HIV (P = 0.002)

were more likely to report inconsistent adherence across time. Controlling for socio-demographic characteristics, past-week

adherence was associated with non-detectable viral load (aOR 1.72, 95%CI 1.14-2.59, P = 0.009). Overall, of the adoles-

cents with viral load measurements at study Wave 1 and Wave 2, 50.6% maintained undetectable viral load for the preceding

year.

Conclusions: Adolescents living with HIV reported very low rates of sustained ART adherence. Adherence reported at a single

time may mask high rates of variability in adherence over time. These findings highlight the urgent need for enhanced and

effective interventions to assist ALHIV with ART adherence through the challenging years of adolescence.
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1 INTRODUCT ION

In 2019, an estimated 1.7 million adolescents aged 10–19

years were living with HIV (ALHIV) globally, with the major-

ity (80%) living in sub-Saharan Africa (SSA) [1, 2]. South

Africa has the highest number of ALHIV, with an estimated

360 000 ALHIV in 2019 [2]. As more children born with

HIV survive into adulthood and infections among 15–24

year-olds continue to rise [3, 4], adolescents make up a

growing portion of the global HIV burden. HIV-related deaths

among adolescents have tripled over the last two decades

[5]. Adolescents continue to experience disproportionately

high rates of poor antiretroviral (ART) treatment outcomes,

presenting a significant challenge to global attempts to meet

the UNAIDS 90-90-90 targets [6–8]. For example, 2016

UNAIDS estimates showed that HIV is the second leading

cause of death among adolescents [9], while retention in care

among adolescents in low and middle-income countries has

been reported to decrease from 88% at 12 months and 67%

at 36 months [10]. Moreover, a recent systematic review
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by Ferrand and colleagues found that the proportion of

adolescents with virological suppression at 12 months ranged

from 27% to 89% [7, 11].

Several studies have reported lower adherence rates among

adolescents than in children and adults [3, 12-14], which

increases their risk of viral rebound and drug resistance, lead-

ing to treatment failure [14, 15]. Results from the limited

number of adherence studies conducted among adolescents

in SSA have often found suboptimal adherence to ART and

poor virologic outcomes [14]. This is largely due to several

barriers to adherence among adolescents, as underscored in

several reviews [16, 17]. A small cohort study (N = 154) of

adolescents with horizontally acquired HIV (11-19 years) in

nine Southern African countries found that few (20.7%) ado-

lescents achieved ≥95% adherence at 6 months and sustained

adherence over time decreased to 14.3% at 12 months and

6.6% at 24 months [14]. Another cohort study (N = 250) of

ALHIV aged 12–18 years in Asia, assessing long-term adher-

ence over 3 years, found that the proportion of ALHIV report-

ing adherence ≥95% decreased from 69% at baseline to 60%

at 36 months [18]. Recent evidence from a cohort study (N

= 179) in the United States among adolescents aged 13–

24 years followed up over 5 years, highlights a decrease in

the proportion of adolescents reporting past-week adherence

from 65% at the 12 months to 58% at 48 months [19]. These

rates vary across studies and evidence on sustained adher-

ence among adolescents in South Africa remains scarce [20].

Moreover, most evidence available globally on ALHIV adher-

ence is based on fairly small samples.

While the viral load is an objective measure of adher-

ence and one of the most accurate ways of assessment, it is

not routinely available in many resource-limited settings [21].

Self-reported measures of adherence remain common in both

social surveys and clinical settings and may assist to iden-

tify adolescents at risk of virologic failure and poor health

[15]. Given the scale of the epidemic in the region, partic-

ularly among adolescents and young people in South Africa,

it is crucial to understand the rates of sustained ART using

longitudinal designs and rigorous measures of adherence [16,

22]. Therefore, this study utilized the self-reported measures

of adherence to describe rates of sustained ART adherence

in ALHIV and assess consistency in adherence over the three

waves of data collection within a large cohort of adolescents.

2 METHODS

This report used data from the Mzantsi Wakho study, a

prospective cohort of ALHIV. Adolescents aged (10-19)

years at baseline were recruited from a municipality in

Eastern Cape Province in South Africa, a province with an

estimated overall HIV prevalence of 14% [23]. Participants

were recruited by identifying all adolescents initiated on

treatment in the area through medical records in all 52

ART-providing public health facilities and were traced in their

communities, homes, or schools. HIV-negative peers from

neighboring homes and some co-resident adolescents were

also interviewed to minimize stigma. Baseline interviews were

conducted in 2014–2015, with follow-up interviews in 2016–

2017 and 2017–2018. Adolescents provided information on

self-reported adherence using questionnaires co-developed,

informed by qualitative work done as part of Mzantsi Wakho,

and piloted among adolescents affected by HIV in the study

area. Concurrently, during the first two waves of data collec-

tion, biomarker data from clinic records were extracted from

52 healthcare facilities in the province where ALHIV had

received care [24].

Voluntary informed consent was obtained from adolescents

and caregivers when adolescents were <18 years old. Eth-

ical approvals for the Mzantsi Wakho study were granted

by the University of Cape Town (UCT/CSSR/2013/4) and

(UCT/CSSR/2019/01), Oxford University (CUREC2/12-21),

provincial Departments of Health and Education, and ethical

review boards of participating healthcare facilities.

2.1 Measures

Our main variable – past-week adherence – was defined based

on indicators of currently taking ART and not having missed

any doses in the past seven days (including weekdays and

weekends) [25]. If the participant reported missing any dose

or currently not taking ART (i.e. defaulting) we classified them

as non-adherent. We computed sustained adherence as 1 if

the participant reported past-week adherence at all the three

waves of data collection and 0 otherwise (inconsistent adher-

ence). Viral load measurements, closest to the interview date,

obtained from adolescents’ clinic records were used to vali-

date the self-reported past-week measure of adherence using

study Wave 1 and Wave 2, for which viral loads were avail-

able. Due to limited testing, about 60% of adolescents with

an available viral load had a measurement from the two years

before or after the interview date [26]. Socioeconomic factors

included adolescent age, sex, urban/rural location, orphanhood,

and living in formal or informal housing- based on whether

the adolescent reported living in an informal house-shack. We

also included a measure of household poverty, defined as lack-

ing access to any of the eight basic necessities, namely: food,

clothing, doctor, fees, shoes, toiletries, uniform, and school

equipment selected by over 80% of the South African popu-

lation in a nationally representative survey [27]. HIV-related

factors included mode of HIV acquisition (vertical/horizontal)

and adolescent health self-rating. Mode of HIV acquisition was

defined using an age cut-off, validated with a detailed algo-

rithm in the absence of definitive clinic notes ascribing mode

of HIV acquisition. Adolescents who began ARVs before the

age of 10 were designated as vertical transmission and those

who began ARVs at 10 years old and after were designated

as horizontal transmission [28, 29].

2.2 Analyses

First, we validated our adherence measure by using a random-

effects logistic regression model to assess the association

between non-detectable viral load (<50 copies/mL) and past-

week adherence, controlling for other socio-demographic fac-

tors. In this analysis, we used the random-effects model to

utilize the repeated measures structure of the data (data

from the same subjects at two time-points) as well as include

time-invariant factors like sex and mode of HIV acquisition.

This step also included attrition analysis comparing baseline

2
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Table 1. Random-effects model of the relationship between self-reported past-week adherence and patient file-based non-

detectable viral load (n = 756; 1197 observations)

Non-detectable viral load (<50 copies/mL)¥

Factors OR (95%CI) P-value aOR (95%CI) p-value

Past-week adherence 1.80 (1.20-2.70) 0.004 1.72 (1.14-2.59) 0.009

Age 0.88 (0.81-0.95) 0.002 0.89 (0.81-0.97) 0.012

Female 0.91 (0.57-1.47) 0.709 1.06 (0.66-1.71) 0.804

Rural residence 0.61 (0.37-1.01) 0.053 0.65 (0.39-1.08) 0.099

Double Orphan 1.11 (0.61-2.01) 0.727 1.34 (0.72-2.51) 0.354

Informal housing 0.76 (0.44-1.32) 0.327 0.80 (0.46-1.40) 0.439

Poverty 0.61 (0.39-0.95) 0.028 0.65 (0.41-1.02) 0.060

Horizontally transmission 0.51 (0.28-0.94) 0.031 0.87 (0.44-1.71) 0.678

Self-rated poor health 0.31 (0.12-0.75) 0.009 0.31 (0.12-0.77) 0.012

*aOR: odds ratio (adjusted).

*Copies/mL: The number of HIV copies in a milliliter of blood

*95% CI: 95% confidence intervals

*These are routine viral loads which are collected following the steps below after ART initiation (1) ART initiation and fast track initiation

counseling, (2) 6-month from ART initiation, viral load collected, followed by a 12-month viral load, and (3) If the patient is stable and adherent

on ART then 12 monthly routine viral load monitoring as highlighted in the South African National Consolidated Guidelines in 2020.
¥Viral load data were available for the first two study waves and this is a sub-sample analysis for only those with a viral load record. We also

assessed for differences between those with a viral load record and those without a viral load record as shown in the supplementary files.

characteristics of complete versus missing viral load observa-

tions. Second, in our main analysis, we describe the prevalence

of past-week adherence at each wave and then computed

the rates of cumulative sustained adherence across the three

waves. We further compared baseline sociodemographic vari-

ables, including mode of HIV acquisition of adolescents who

reported sustained vs. inconsistent ART adherence, and eval-

uated the differences using the Chi-square test statistic. Step

two and the attrition analysis included data from the three

waves of data collection, while step one included data from

the first two waves, for which viral loads were available. All

analyses were done in Stata v.16.

3 RESULTS AND DISCUSS ION

3.1 Study sample

Out of the 1 046 ALHIV interviewed at baseline, 933 partic-

ipants were retained at all three waves of data collection and

were the focus of this analysis. This study had a 90% uptake,

94% retention at Wave 2, 97% retention at Wave 3, and

3.4% mortality. There were no significant differences between

participants retained and those lost-to-follow-up except that

those lost to follow-up were likely to be older (see Table S2).

At baseline, the mean (SD) age was 13.6 ± 2.9 (range 10–19

years). A comparison of those with viral load and those miss-

ing viral load records (see Table S1 in Appendix A) showed

that older adolescents with horizontally acquired HIV at base-

line were likely to be missing a viral load record. Of those with

a viral load record at baseline (n = 624), two-thirds (63.4%)

of the sample had a viral load of less than 50 copies/mL. The

majority of the adolescents were female (55.1%), 26.6% lived

in rural settings, and 18.4% in informal settlements. 14.9% of

the adolescent were double orphans. A fifth of this sample has

likely horizontally acquired HIV [29].

3.2 Validation of adherence measure

The past-week adherence measure was validated by compar-

ison with viral load from the first two waves where data

were available (Table 1). Controlling for socio-demographic

characteristics, we found that adolescents who reported

past-week adherence were significantly more likely to have

a non-detectable viral load (aOR 1.72, 95% CI 1.14-2.59,

p = 0.009).

3.3 Prevalence of past-week adherence

The prevalence of adherence at baseline was 65.9%, 64.8%

at Wave 2, and 75.0% at Wave 3 based on the past-week

adherence measure (see Figure S1 in Appendix). Whilst the

past-week adherence prevalence was stable at about 68% on

average at each wave, the majority of adolescents reported

inconsistent adherence over the three waves as shown in Fig-

ure 1. 65.9% reported past-week adherence at baseline, and

only 37.1% reported sustained past-week adherence over the

three waves.

3.4 Profile of adolescents with sustained
adherence

Table 2 shows a comparison of baseline characteristics of sus-

tained vs. inconsistent adherent adolescents. We found signif-

icant differences in sustained adherence by baseline age and

the mode of HIV acquisition, but not the sex of the adoles-

cents. Older age (p = 0.007) and horizontal transmission (p =

0.002) were associated with inconsistent adherence over the

three waves.

3
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Table 2. Descriptive statistics of sustained past-week adherence by socio-demographic characteristics, and mode of HIV acquisi-

tion among ALHIV (N = 933)

Total (N = 933)

Inconsistent

Adherence (N = 587)

Sustained Adherence

(N = 346)

Baseline factors N (%) N (%) N (%) p-value

Age (15+ years) 337 (36.1) 231 (39.4) 106 (30.6) 0.007

Female 514 (55.1) 335 (57.1) 179 (51.7) 0.113

Horizontal

transmission

197 (21.3) 142 (24.4) 55 (15.9) 0.002

Double Orphan 139 (14.9) 83 (14.1) 56 (16.2) 0.397

Informal housing 172 (18.5) 101 (17.2) 71 (20.6) 0.200

Poverty 633 (67.9) 397 (67.6) 236 (68.2) 0.856

Self-rated poor

health

52 (5.6) 38 (6.5) 14 (4.1) 0.118

¥ALHIV- adolescents living with HIV

Figure 1. Past-week cumulative sustained adherence rates among

adolescents living with HIV retained across the three waves

(N=933). Notes: Proportions were computed based on the same

denominator (N=933) participants interviewed at all waves.

65.9% of participants who reported past-week adherence at

Wave 1, 45.3% of participants reported past-week adherence at

both Wave 1 and Wave 2 as a proportion on (N=933). Lastly,

we computed the number of participants who reported past-week

adherence at all three waves (37.1%) as a fraction of (N=933)

which is the proportion defined as sustained adherence.

4 D ISCUSS ION

Overall, adherence rates in this study were relatively stable

across time, with 65.9%, 64.8%, and 75.0% reporting past-

week adherence at Wave 1, 2, and 3, respectively. This study

also showed that adolescence is marked with long-term incon-

sistencies in adherence, for example, few adolescents (only

37.1%) of the sample (N = 933) reported sustained adher-

ence across the three study waves which may owe to barriers

to adherence described in other studies [15]. Our descriptive

analysis also showed that inconsistent adherence was signif-

icantly associated with older age and horizontal HIV acquisi-

tion. This is consistent with prior research, which shows that

older age is implicated since it is associated with increasing

responsibility for self-health care [13, 30]. Inconsistent adher-

ence among adolescents with horizontally acquired HIV may

be associated with failure to adapt to complicated ART med-

ication routines and other related psychosocial problems, as

highlighted in [13, 31, 32]. This difference in sustained adher-

ence by mode of HIV acquisition may help inform health inter-

ventions aimed at improving the health of adolescents living

with HIV.

Our findings also reflect that cross-sectional assessments

of adherence mask a significant lack of consistency in adher-

ence in the long term. Furthermore, our study provides actual

estimates of sustained adherence over three waves. It is also

important to note that most participants’ clinic files in this

sample were missing viral load measurements, which may

reflect the challenges of point-of-care viral load monitoring in

resource-limited settings [33].

An important strength of the study is that the sample is

based on a total sampling of the study area, which is help-

ful when estimating prevalence compared to hospital-based

studies. Self-reported measures of adherence are prone to

some level of bias related to social desirability and recall-

error, which may lead to overestimating adherence [34]. How-

ever, in this study, a measure of recent adherence (past week)

was used to minimize recall bias. Although adherence varies

significantly by measure, self-reported measures remain the

most widely used measures of adherence in both clinical

and research settings [34]. In addition, for those adolescents

whose clinic patient files contained a viral load in the rel-

evant period, we found that self-reported adherence signifi-

cantly predicted viral suppression.

5 CONCLUS IONS

Sustaining ART adherence is a challenge for adolescents liv-

ing with HIV as they get older, particularly those who recently

acquired HIV, hence rigorous longitudinal assessments of

adherence are required. Although much work has been done

on adolescents with perinatally acquired HIV, more studies

should focus on those with horizontally acquired HIV. Our

4
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findings highlight the urgent need for flexible adherence sup-

port to address the specific needs of adolescents, including

barriers to ART adherence. There is also a need to ensure we

do not lose older adolescents from care.
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