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Abstract
Brief tools are necessary to identify adolescents at greatest risk for ART non-adherence. From the WHO’s HEADSS/
HEADSS+ adolescent wellbeing checklists, we identify constructs strongly associated with non-adherence (validated with 
viral load). We conducted interviews and collected clinical records from a 3-year cohort of 1046 adolescents living with 
HIV from 52 South African government facilities. We used least absolute shrinkage and selection operator variable selec-
tion approach with a generalized linear mixed model. HEADSS constructs most predictive were: violence exposure (aOR 
1.97, CI 1.61; 2.42, p < 0.001), depression (aOR 1.71, CI 1.42; 2.07, p < 0.001) and being sexually active (aOR 1.80, CI 
1.41; 2.28, p < 0.001). Risk of non-adherence rose from 20.4% with none, to 55.6% with all three. HEADSS+ constructs 
were: medication side effects (aOR 2.27, CI 1.82; 2.81, p < 0.001), low social support (aOR 1.97, CI 1.60; 2.43, p < 0.001) 
and non-disclosure to parents (aOR 2.53, CI 1.91; 3.53, p < 0.001). Risk of non-adherence rose from 21.6% with none, to 
71.8% with all three. Screening within established checklists can improve identification of adolescents needing increased 
support. Adolescent HIV services need to include side-effect management, violence prevention, mental health and sexual 
and reproductive health.
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Introduction

Adolescents (aged 10–19 years) living with HIV are at sub-
stantially elevated risk of antiretroviral (ART) non-adher-
ence [1]. Of the 1.7 million adolescents living with HIV 
globally, 91% live in Sub-Saharan Africa [2]. Many of these 
adolescents access HIV services from overburdened health 
systems, receiving care via decentralised primary health 
clinics with few or no specialist providers, and from health 
workers with limited time. Shifts towards multi-month dis-
pensing of ART may also reduce regularity of adolescent 
interactions with the HIV healthcare system [3].

In these contexts, it is essential to develop innovative 
ways to identify adolescents at greatest risk of non-adher-
ence and ART discontinuation. However, self-reported 

adherence is often unreliable, and other adherence measure-
ment approaches have low effectiveness across age groups 
[4], such as pill-counting [5]. HIV viral load testing rates 
remain low across the region [6], and technologies such as 
electronic monitoring through digital pill caps are not yet 
feasible at scale in low-resource settings.

To identify and support adolescents who are at higher 
risk of non-adherence, we need simple, adolescent-friendly, 
and acceptable screening methods that a range of providers 
can use. These methods should be time-efficient and user-
friendly to improve feasibility and scalability. In examining 
checklists for non-adherence, Lowenthal et al. [7] identi-
fied family support, self-efficacy, future aspirations [7], and 
psychological reactance to reminders [8] as key factors in 
Botswana. Valuable checklists such as the Pediatric Symp-
tom Checklist have been found to be associated with viro-
logic failure in the U.S. and sub-Saharan Africa [9], but a 
need remains for very brief routine screening in high-burden, 
under-resourced settings.
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One approach is to identify critical components of estab-
lished tools that are already widely used in clinical care. 
The Home, Education/employment, peer group Activi-
ties, Drugs, Sexuality, and Suicide/depression (HEADSS) 
checklist was developed in the 1970s and refined in the early 
2000s [10, 11]. The World Health Organization recommends 
its use as a structured assessment of general adolescent psy-
chosocial risk and wellbeing [12]. HEADSS has been used 
extensively in Sub-Saharan Africa with paediatric hospital 
populations [13, 14] and with adolescents living with HIV 
[15] (Fig. 3). In 2017, Frontline AIDS adapted HEADSS to 
include assessments that were specific to adolescents living 
with HIV, creating the HEADSS+ checklist. These linked 
checklists are non-commercial, freely accessible, and trans-
lated into multiple languages. There is variation in whether 
HEADSS and HEADSS+ are used together or as individ-
ual checklists in clinical and community settings. Rather 
than standardised items, they provide a series of constructs 
(for example around mental health, peer relationships, and 
sexuality), and support adaptability to local contexts—for 
instance, different questions may be used to operationalise 
depression symptoms across settings and healthcare provid-
ers [16].

In this study, we sought to identify the briefest possi-
ble sets of factors associated with adolescent ART non-
adherence from the HEADSS and HEADSS+ checklists. 
For healthcare facilities and community organisations that 
already use the HEADSS or HEADSS+ checklists, these 
could allow identification of adolescents most at risk of 
non-adherence.

Methods

Sampling and Approach

The Mzantsi Wakho study took place in South Africa’s 
Eastern Cape, an area with fragile health systems, high HIV 
and TB, and poor infrastructure [17–19]. In a health dis-
trict including peri-urban and rural settlements, we identi-
fied every government facility providing ART to paediatric/
adolescent populations (n = 52). Across facilities (hospitals, 
primary clinics, community health centres), paper and elec-
tronic patient files were reviewed to identify all adolescents 
(10–19 years) who had ever initiated ART—whether cur-
rently in healthcare or not.

We used community-tracing to 180 settlements, inter-
viewed adolescents at their preferred location, and extracted 
viral loads from their clinic files. At two subsequent follow-
up periods (Wave 2, 18 months and Wave 3, 36 months), all 
adolescents who had consented to be re-approached were 
asked for consent for follow-up. At baseline (2014–2015), 
the sample included 1046 adolescents living with HIV. At 

Wave 2 (2016–2017), retention was 94% (n = 979), and at 
Wave 3 (2018–2019) it was 96% (n = 933). 3.4% of adoles-
cents died over the 36 months. To prevent stigma, we also 
interviewed neighbour adolescents (n = 456, data omitted 
from these analyses), and presented the study locally as a 
general adolescent wellbeing survey. Reflecting high mobil-
ity, 18% of participants had moved households between 
study waves, and by follow-up participants lived in six prov-
inces: Eastern Cape, Gauteng, KwaZulu-Natal, Free State, 
Western Cape, and North-West.

Ethics approvals were obtained from the Univer-
sity of Cape Town (CSSR 2013/4), Oxford University 
(CUREC2/12-21), Provincial Departments of Health and 
Education, National Health Laboratory Service (NHLS) 
Academic Affairs and Research Management System 
(2019/08/07) and healthcare facilities. All adolescents and 
their primary caregivers gave written informed consent 
at each time point in their preferred language (Xhosa or 
English), read aloud in cases of low literacy. Trained local 
researchers supported participants to complete tablet-based 
questionnaires lasting 60–90 min, in the adolescent’s pre-
ferred language. Questionnaire wording and content were 
co-designed with an adolescent advisory group [20]; the 
South African National Departments of Health, Social 
Development, Basic Education and National AIDS Council; 
UNICEF; PEPFAR-USAID, and local NGOs. Pre-piloting 
was conducted locally with 25 adolescents.

For their participation, adolescents received a snack, a 
certificate of participation, and a small gift pack including 
soap and pencils—recommended by our adolescent advi-
sory group and provided regardless of interview completion. 
Confidentiality was maintained except in cases of risk of 
harm. For rape, abuse, suicidality, or untreated severe illness 
(e.g. symptomatic TB), researchers made immediate health 
and social service referrals with follow-up support (n = 246 
referrals over 3 years for 157 adolescents).

Identifying HEADSS and HEADSS+ Constructs

We mapped study variables alongside the HEADSS and 
HEADSS+ constructs [21], finding that almost all constructs 
were represented (Figs. 1, 2). All constructs were coded as 
binary for comparability across constructs. We also checked 
that variation was present for each included variable (> 5% 
of participants per category) and included only variables 
available at all three timepoints.

Prior to analyses, following recommendations in the 
variable selection literature [22], we examined all poten-
tial constructs to see if existing evidence suggested plau-
sible associations with adherence [23, 24]. All constructs 
were plausibly correlated with adherence and therefore we 
focused on statistical methods to support variable selection.
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Fig. 1  HEADSS constructs mapped onto the Mzantsi Wakho questionnaire
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Study Measures

All variables were defined in the same way across three 
timepoints. ART adherence was measured using adapted 

items from the Patient Medication Adherence Question-
naire and measures developed in Botswana [7]. ART adher-
ence was defined as past 7 days adherence > 95%. Viral load 
measures were obtained from data abstracted from patient 

Fig. 2  HEADSS+ constructs mapped onto the Mzantsi Wakho questionnaire
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clinic records, and routine biomarker data from South Afri-
ca’s NHLS following the linkage of participant’s sociode-
mographic data to the NHLS data warehouse.

Possible Identifiers of Non‑adherence

We assessed a total of 69 constructs aligned with HEADSS 
(33) and HEADSS+ (36), with all constructs described in 
Fig. 1. Full questionnaires are available here. The HEADSS 
sections include: home and environment; exposure to vio-
lence; education and employment; suicide and depression; 
sexuality; substance use; activities. HEADSS+ covers: phys-
ical health; ART experience; support system; psychosocial 
issues; uptake of services; sex and relationships.

Statistical Analyses

First, we validated self-reported adherence against an unde-
tectable viral load (< 50 copies/ml), and the viral load meas-
urement closest to the interview date (< 12 months before 
or after, allocating to the closest interview wave) for all the 
three timepoints. Second, we identified the most predic-
tive set of three constructs in each section. Stepwise vari-
able selection methods can lead to overfitting, such that R2 

and regression coefficient become inflated, while standard 
errors and p values become too low [25–27]. To combat this, 
we used the least absolute shrinkage and selection opera-
tor (Lasso) approach [28] for variable selection and robust 
regression [29–31]—see Supplementary Materials for more 
information.

In order to take into account person-specific characteris-
tics and the clustered nature of the repeated measures data 
in this study, we fit a generalized linear mixed model with 
L1-penalty term that enforces variable selection and shrink-
age simultaneously [30]. To enable derivation of a brief list 
of key constructs, feasible for use in practice, we selected 
the three top variables from each checklist. Rather than 
using information criteria, such as AIC and BICs, or cross-
validation for λ selection, we tuned the λ parameter so that 
the Lasso algorithm selected the three factors most strongly 
associated with ART non-adherence. Since some healthcare 
settings use only HEADSS or HEADSS+, variable selection 
analyses were run separately for each checklist. We also con-
ducted a sensitivity analysis regarding the variable selection: 
we treated all observations as independent of each other (i.e. 
not accounting for clustered nature of data) and conducted 
a standard Lasso as well as elastic net variable selection 
procedures.

Fig. 3  Items from the HEADSS 
and HEADSS+ checklist that 
can support identification of 
adolescents at highest risk of 
ART non-adherence
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With the selected sets of variables, we ran logistic ran-
dom-intercept regressions to illustrate the average relation-
ships of these variables with adherence across the three 
timepoints, including controls of participant sex and age. We 
use mixed-effects (random intercept) logistic regression to 
provide estimates of the relationships between the selected 
sets of three variables and non-adherence while modelling 
the repeated measures structure of the data (from the same 
subjects at three timepoints). Finally, we examine average 
adjusted predicted probabilities of ART non-adherence, 
based on the levels of the selected factors. We have made 
all R code available open-source online: https:// github. com/ 
marses/ HEADSS.

Results

See Fig. 3 for a poster or memory aid for healthcare staff, 
following the HEADSS+ graphic style.

Viral Load (VL) and Adherence

Past-week self-reported adherence was associated with 
undetectable viral load (< 50 copies/ml) (aOR 1.51, 95% CI 
1.11; 2.05, p = 0.008), controlling for age, sex, rural/urban, 
double orphanhood, informal housing and mode of infection 
(see Table 1 Supp).

HEADSS and HEADSS+ Constructs are Most 
Associated with Non‑adherence

Lasso selection identified the following set of highest-per-
forming three variables from each checklist that were associ-
ated with adherence (reported in reverse for association with 
non-adherence). From HEADSS, these were: exposure to 
recent violence, depression symptoms, and being sexually 
active. From HEADSS+, these were: reporting ART side 
effects, low social support, and parents/caregivers unaware 
of adolescent’s HIV status or ART usage. The selected λ 
value for HEADSS was 155 and for HEADSS+ 170 (Figs. 4, 
5, 6).

Multivariable Associations Between Selected 
Factors and Non‑adherence

Using the non-penalised regression results from Table 1, 
the three identified constructs for HEADSS: emotional or 
physical violence exposure (aOR 1.97, 95%CI 1.61; 2.42, 
p < 0.001), experiencing any depression symptoms (aOR 
1.71, 95%CI 1.42; 2.07, p < 0.001) and being sexually active 
(aOR 1.80, 95%CI 1.41; 2.28, p < 0.001) were significantly 
associated with higher likelihood of non-adherence. For 
HEADSS+, experiencing medication side effects (aOR 2.27, 

95%CI 1.82; 2.81, p < 0.001), low social support (aOR 1.97, 
95%CI 1.60; 2.43, p < 0.001) and parent not knowing adoles-
cent’s HIV status (aOR 2.53, 95%CI 1.91; 3.53, p < 0.001) 
was associated with a higher likelihood of non-adherence.

To illustrate the magnitudes, we report predicted prob-
abilities using the coefficients from non-penalised regression 
and assuming that the distribution of all the factors remained 
the same among adolescents (see Fig. 7). For the HEADSS 
constructs, if adolescents report no violence exposure, no 
depression symptoms, and no sexual activity we would 
expect about 20.4% to be non-adherent to ART. Conversely, 
if an adolescent was experiencing violence, depression, 
and was sexually active, we would expect 55.6% to be non-
adherent to ART.

For the HEADSS+ constructs, if adolescents report no 
medication side-effects, high social support and their parents 
know about their HIV-status, we would expect about 21.6% 
to be non-adherent to ART. Conversely, if an adolescent was 
experiencing medication side-effects, low social support and 
their parents do not know about their HIV, we would expect 
71.8% to be non-adherent to ART.

Sensitivity Analyses

The results of the sensitivity check were in congruence with 
our variable selection on the full dataset. In brief, the models 
that do not model clustering of time-specific observations 
within individuals and do not model the effect of time period 
provide the same top three variables within each model.

Discussion

This study identifies simple constructs for identifying risk of 
adolescent non-adherence within two widely-used checklists 
in Sub-Saharan Africa. These findings may help healthcare 
workers identify adolescents in greatest need of support, and 
pinpoint areas to consider integrating into adolescent HIV 
care. Findings showed the three most-associated constructs 
from HEADSS: violence exposure, depression and sexual 
debut, were associated with increased ART non-adherence 
from 20.4 to 55.6%. The three most-associated constructs 
from HEADSS+: medication side-effects, low social sup-
port and parents unaware of adolescent HIV status, were 
associated with increased ART non-adherence from 21.6 to 
71.8%. These findings indicate valuable indicators for ART 
non-adherence. HEADSS and HEADSS+ as established 
tools have additional value for HIV care, and may support 
adherence screening in high-burden settings.

Consultations with WHO’s Adolescent Service Delivery 
Working Group on HIV identified a need to plan opera-
tionalisation of these findings into practice. For example, 
adding an asterisk next to these three constructs could alert 

https://github.com/marses/HEADSS
https://github.com/marses/HEADSS
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users about risks of non-adherence whilst administering the 
HEADSS and HEADSS+ checklists in routine clinical care. 
This could be flexible for contexts where both checklists are 
used together, or separately—for example, HEADSS+ items 
assume adolescents’ knowledge that they are HIV-positive, 
and so HEADSS may be more feasible for adolescents who 
are not aware of their own HIV-status.

The HEADSS and HEADSS+ tools could also be modi-
fied to expand their use in routine care. In clinical set-
tings, posters on clinic walls might encourage adolescents 
to identify their own support needs, and peer supporters 
may be trained to administer these tools to identify at-risk 

adolescents. Whilst asking questions about medication side-
effects and social support may be acceptable, more sensi-
tive topics such as sexual activity or violence victimisation 
require closer consideration and timely referrals to further 
care, where needed. Some constructs within HEADSS and 
HEADSS+ may be easier to ask without the adolescent’s 
caregiver present. Evidence suggests that there may be 
important periods to use these checklists—for example 
as adolescents transition through stages of HIV services, 
and experience major life events such as parenthood or 
bereavement.

Fig. 4  Coefficient build-ups for HEADSS dataset. The horizontal 
axis shows increasing (from left to right) values of the penalty coef-
ficient λ, and the vertical axis shows the value of the regression coef-
ficient for the given variable at the different levels of lambda. This 
figure and Fig. 5 illustrate how Lasso has selected variables as a func-
tion of the penalty parameter λ within the HEADSS and HEADSS 
sub-sets, respectively. Each curve on the plot corresponds to a single 

variable. For sufficiently large penalty λ, the only model selected is a 
model with only the intercept as all coefficients decrease to zero. As 
λ decreases, more variables are included in the model, which leads to 
all variables being included when λ becomes sufficiently small. The 
graphs show the path of model coefficients against λ. The first three 
paths that emerge on right are selected as three most important
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Our findings—that adolescent non-adherence is associ-
ated with side-effects, exposure to violence, mental health 
distress, sexual health and parent–child relationships—also 
have wider implications for HIV care services. Adherence 
counselling remains a primary response to anticipated or 
actual non-adherence, but in some studies shows lower effec-
tiveness for adolescents than for adults [32]. This study sup-
ports increasing evidence for community-based and peer-
support programs to improve adolescent adherence [33, 34]. 
Side-effect management is critical—especially in contexts 
with very limited treatment options. Integrating services 
for mental health, sexual and reproductive health, poverty 
reduction and parenting support into HIV care may be par-
ticularly valuable, as also found in recent studies from South 
Africa [35–37], Uganda [38, 39] and Botswana [7].

These considerations can be incorporated into provider 
training, support group curricula and community services, 
and use a preventative approach given high overall rates of 
mental health distress and violence exposure amongst ado-
lescents living with HIV [40, 41]. Support for disclosure 
within families may benefit long-term adherence, and could 
be incorporated into future revisions of adherence counsel-
ling packages. There may also be opportunities for increas-
ing digital delivery of evidence-based parenting programs 
and SRH services [42].

This study has several limitations. First, the study took 
place in one country, although comprising a very large 
sample, and including adolescents living in six provinces 
by the follow-up stage. Ideally, replication studies would 
test whether these constructs work similarly across the 

Fig. 5  Coefficient build-ups for HEADSS+ dataset. The horizontal 
axis shows increasing (from left to right) values of the penalty coeffi-
cient λ, and the vertical axis shows the value of the regression coeffi-
cient for the given variable at the different levels of lambda. Figure 4 
and this figure illustrate how Lasso has selected variables as a func-
tion of the penalty parameter λ within the HEADSS and HEADSS 
sub-sets, respectively. Each curve on the plot corresponds to a single 

variable. For sufficiently large penalty λ, the only model selected is a 
model with only the intercept as all coefficients decrease to zero. As 
λ decreases, more variables are included in the model, which leads to 
all variables being included when λ becomes sufficiently small. The 
graphs show the path of model coefficients against λ. The first three 
paths that emerge on right are selected as three most important
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Sub-Saharan African region. Second, in the context of 
limited healthcare infrastructure, the viral load measures 
recorded in clinic files did not account for adolescents expe-
riencing drug resistance despite good adherence: there was 
almost no routine testing or recording of viral resistance. 
Third, age and stage matter: we identified very high vari-
ability in adolescent adherence over time for each individ-
ual [35], perhaps reflecting the rapid developmental, social 
and sexual changes that characterise adolescence. This had 
implications for analysis, measurement and response. In the 

models, we focused on the concurrent relationships of the 
variables and used all time periods in the model together. 
However, key constructs identified in our analyses need to 
be tested in new samples as a predictive model for current 
and future adherence. There may be value in asking these 
brief screening questions regularly since we cannot expect 
consistency over time in adolescents’ experiences or adher-
ence. From a service provision perspective, as adolescents’ 
circumstances and development undergo rapid changes, we 

Fig. 6  ROC curve of the full model (red) and of the 3-variable 
model selected by Lasso (blue). The panel on the left a shows results 
for HEADSS dataset and the panel on the right b shows results for 
HEADSS+ dataset. This figure illustrates the receiver operating char-
acteristic (ROC) curves for both datasets. The area under the curve 

(AUC) for the model with three top HEADSS variables was 0.731 
and with HEADSS+ it was 0.766. For comparison, the full HEADSS 
model (including all variables in Fig. 1) AUC was 0.871 and for the 
HEADSS+ model AUC was 0.864 (Color figure online)

Table 1  Regressions 
demonstrating associations of 
the selected variables and non-
adherence

Penalised models include the full set of variables. Control variables in non-penalised regression models are 
age and gender/sex. P-values for non-penalised regression and predicted probabilities may be particularly 
small due to the previous variable selection

Explanatory variable Non-penalised regression

Odds ratio (95% CI) p-value

A. HEADSS aligned characteristics (N = 933)
 Emotional or physical violence exposure 1.97 (1.61; 2.42)  < 0.001
 Depression symptoms 1.71 (1.42; 2.07)  < 0.001
 Sexually active 1.80 (1.41; 2.28)  < 0.001
 Intercept 0.60 (0.30; 1.19) 0.144

B. HEADSS+ aligned characteristics (N = 916)
 ARTs/medication side effects 2.27 (1.82; 2.81)  < 0.001
 Low social support 1.97 (1.60; 2.43)  < 0.001
 Parent does not know about adolescent’s HIV status 2.53 (1.91; 3.53)  < 0.001
 Intercept 0.43 (0.24; 0.77) 0.005
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need to ensure that mental health, sexual health and family 
support services are consistently available.

Fourth, the brief sets of constructs identified do not fully 
predict non-adherence, and we need to recognise heteroge-
neity amongst adolescents, especially when fitting models to 
explain a complex behaviour such as adherence. Our AUC 
was similar to that in another study of factors associated 
with adolescent adherence that used a Lasso approach [43]. 
Fifth, we note that there may be differences between how 
our study and different healthcare settings ask adolescents 
about constructs. For example, HEADSS does not specify 
how providers measure depression symptoms: we used a 
standardised brief child depression scale, but across coun-
tries and facilities there are likely to be differences in ques-
tions or scales used.

The study also has strengths. We were able to test an 
extensive set of constructs, mapped on two widely-used 
checklists, using validated and previously piloted tools 
for the region. Our sample included adolescents who were 
engaged and not engaged in HIV care, in 180 communities 

and over 70 government healthcare facilities, in an area with 
limited health and social services. Therefore, we were able 
to test associations of adherence within a population that 
reflects a wide range of adolescents receiving government-
provided HIV care. Furthermore, our approach to selecting 
key constructs associated with non-adherence avoids mul-
tiple testing and relies on statistical significance, increasing 
reliability of results. Lastly, we had very high rates of ado-
lescent retention in the study. Future research could explore 
whether similar constructs are associated with non-adher-
ence in particular sub-groups of adolescents living with HIV, 
such as adolescent parents, adolescent key populations and 
adolescents with disabilities.

Conclusions

These findings suggest critical constructs within two estab-
lished checklists that can support identification of adoles-
cents at high risk of non-adherence to ART. These constructs 

Fig. 7  Adjusted predicted prob-
abilities of non-adherence for 
HEADSS and HEADSS+
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also highlight the close interlinkages between adolescents’ 
medical, social, familial and sexual wellbeing and their 
capacity to maintain adherence to ART and subsequent viral 
load. As we move towards approaches of differentiated care 
and precision programming, there may be a substantial ben-
efit to integrating side-effect management, violence preven-
tion, mental health, sexual health and family support into 
our screening and services for adolescents living with HIV.
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