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Abstract
Adherence to antiretroviral therapy (ART) remains a challenge for HIV-infected children. In this cross-sectional study, we 
used structured interview-administered questionnaires and medical records to measure adherence levels and factors asso-
ciated with adherence and viral suppression. We included 195 South African children aged 2.1–12.9 on ART. Adherence 
levels ranged between 20.5% (pill count) and 89.1% (self-report). Boys were less adherent according to self-report, girls 
were less adherent according to pill count. Caregivers ensured medication was taken when the condition directly affected 
daily life. Well-functioning families and families with high SES provide a context supportive of adherence. Non-disclosure 
and difficulties administering medication negatively affected adherence and viral suppression. This study shows challenging 
levels of adherence impacting directly on viral suppression in a South African paediatric HIV program. Gender roles, non-
disclosure and difficulty administering medication may undermine adherence and should be taken into account for clinical 
guidelines, policy design and inform strategies.
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Introduction

In 2016, South Africa was home to 0.9% of the world’s chil-
dren (age 0–14 years) [1] and 15.2% of the global human 
immunodeficiency virus (HIV) infected children [2, 3]. 
South Africa has more people on anti-retroviral treatment 
(ART) than any other country in the world [4]. Paediat-
ric ART coverage is 55% [3]. Since 2010, paediatric ART 

service delivery has been decentralized to the primary 
healthcare level [5], which is based on nurse-driven service 
through clinics [6]. The country has developed national con-
solidated guidelines for the management of HIV in children, 
adolescents and adults [7].

Despite these efforts, non-adherence is common and 
adherence levels in young South Africans range between 
36 and 58%. Between 67 and 78% of children on ART are 
virally suppressed [8, 9]. HIV-related deaths in South Afri-
can youth (10–19) increased by 77.1% between 2006 and 
2016 [10] and non-adherence was an important contributing 
factor [11]. Paediatric ART failure is an under-recognized 
issue that receives inadequate attention in the field of pae-
diatrics and within HIV treatment programmes. Clinicians 
are often uncertain how to assess adherence of HIV-infected 
children and their caregivers, as well as how to provide 
structured adherence support at the time of treatment fail-
ure. Too often, proper basic adherence counselling is only 
provided once the child has begun failing treatment [12].

To address non-adherence, it is important to understand 
paediatric adherence and factors impacting adherence and 
retention in care [11]. Although South Africa has accepted 
strategic plans to address HIV, there is inadequate capacity 
to deliver critical health-care interventions [13]. National 
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guidelines address adherence [7], however, this information 
is not specifically tailored to children. Paediatric adher-
ence is a dynamic process [14] which is not only affected 
by health system challenges [15], but also clinical, child, 
caregiver and socio-economic characteristics [16]. Often it is 
simple adherence support strategies that healthcare provid-
ers can use in busy clinics that greatly improve the quality 
of patient support that children and their caregivers receive 
before the child reaches a high viral load [12].

In order to inform strategies to support paediatric adher-
ence, we aimed to assess adherence with multiple measures 
in a paediatric population. In addition, we aimed to provide 
a comprehensive understanding of paediatric adherence, the 
context in which adherence behaviour is stimulated and fac-
tors that hinder paediatric adherence.

Methods

For this cross-sectional study, children aged 2–14 years who 
were on treatment at TC Newman clinic—a semi-urban ART 
clinic in the Western Cape, South Africa—and their caregiv-
ers were considered for participation between September 
2012 and September 2013. We assessed level of adherence 
and explored all associations between selected potential 
predictors of adherence and treatment efficacy. Structured 
questionnaires were administered by trained research staff 
in the caregiver’s primary language (English, Xhosa or Afri-
kaans) during interviews while patients were waiting to see 
the doctor and was supplemented with medical record data.

Ethical Considerations

Stellenbosch University’s human research ethics commit-
tee approved this study. All caregivers provided written 
informed consent for their and their child’s participation. In 
addition, all children (≥ 7 years) provided written informed 
assent for their participation.

Adherence Measures

To assess adherence, a combination of adherence monitor-
ing measures and definitions were included. Pill count was 
calculated using the number of pills taken or volume for 
liquid formulations (dispensed minus returned) as a per-
centage of medication prescribed. Self-reported measures 
of adherence for the last three and 30 days were recorded 
during caregiver interviews using the validated Paediatric 
AIDS clinical trials group (PACTG) adherence modules [17, 
18]. Adherence was defined as pill count of 95% and more, 
95–105 and 95–100%, or no self-reported missed dosages 
within the indicated time period. Although health outcome 
(viral suppression and immune response) is not synonymous 

for adherence behaviour [19], these measures were included 
as indicators of treatment efficacy. Viral suppression was 
defined by non-detectable viral load (< 50 copies/ml) and 
immune response was defined by CD4 count (> 500 cells/
mm3) which was assessed as part of general clinical prac-
tice and included retrospectively when available from medi-
cal records between 6 months before up to 3 months after 
inclusion.

Potential Prediction Measures

General demographic and clinical data from medical records 
were supplemented with caregiver interviews using vali-
dated questionnaires to provide a comprehensive analyses of 
adherence predictors. Health-related quality of life (HRQoL) 
and the impact of paediatric chronic health conditions on 
family and caregivers (family impact) were measured using 
PedsQL questionnaires [20–22]. The HRQoL scale (meas-
uring physical-, emotional- social- and school-functioning) 
combined a caregiver proxy-report and a child self-report 
(all children ≥ 5 years). Family impact consisted of scores for 
caregiver functioning (physical, emotional, social cognitive, 
communication and worry) and family functioning (daily 
activities and family relationships). The worry component 
of caregiver functioning considers concern about the child’s 
treatment, side effects, others reactions, the child’s condi-
tion, effects of illness on family and future. The daily activ-
ity component of family functioning considers time, effort 
and energy to finish household tasks. Socio-Economic Status 
(SES) was calculated using 21 questions from the Census 
2011 [23]. A higher score (%) indicated better HRQoL, 
family functioning and SES. Based on caregiver interview, 
health care provider report and medical files, we categorised 
disclosure status as non-disclosure (the child is unaware of 
their condition and its effect on the body), partial disclosure 
(the child is aware of their condition without actually naming 
HIV) and full disclosure (the child is made aware of their 
condition which is named as HIV) [24].

Statistical Analyses

Analyses were done with IBM statistics version 24. Uni-
variate logistic regression for associations between potential 
predictors and adherence (self-report, pill count) or treat-
ment outcome (viral load) are presented in tables with odds 
ratio (OR) and 95% confidence interval (CI) unless other-
wise specified. Fisher’s exact p value was presented for cell 
size less than five. Confounding and effect modification for 
the child’s sex and age was investigated using multivari-
ate analyses for all associations studied. The associations 
not affected or which remained after correction are high-
lighted in the result section. Significance was measured at 
p = 0.05. Forward selection procedure was used to construct 
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prediction models. This method considered all predictors 
of adherence (self-report, pill count) or treatment outcome 
(viral load) by adding the predictor with the lowest p-value 
under 0.05 to the crude model, which was repeated until 
no additional predictor had a p-value < 0.05. The percent-
age correct classified cases and Hosmer and Lemeshow Chi 
square test with p-value for goodness of fit are presented for 
each model (good fit is indicated by p-value > 0.05).

Results

At the start of the study, 238 active patients on ART aged 
2–14 attended the clinic. One caregiver declined participa-
tion because the child (13 years) was not disclosed to and 
42 patients were missed because caregivers did not visit on 
the appointment date (relocated to another province or did 
not attend the clinic on an allocated paediatric days when 
research staff was present). One hundred and ninety-five 
children were included. For five households with two chil-
dren in the study, only the child enrolled first was considered 
for SES analyses (n = 190).

Adherence and Health Outcome

Adherence varied depending on the measure and definition 
used. Pill counts were available for 195 children (100%), 
two children (1%) had pill counts for two of three medi-
cines, one child (0.5%) had pill counts for one of three 
medicines in their regimen. Adherence measured by pill 
count was 20.3% when defined as 95–100% (35.9% defined 
as 95–105%, and 54.7% when defined ≥ 95%). Although 
mean adherence was 94.5%, this includes pill counts up to 
192%. Self-reported adherence was 79.6% in the previous 
30 days and 89.1% for three-day recall (n = 195, 100%). 
In addition, 66.7% of the children were virally suppressed 
(n = 129, 66.2%) and 92.6% had a CD4 count > 500 cells/
mm3 (n = 121, 62.1%). Figure 1 provides an overview 
stratified by sex. The majority of caregivers indicated sole 
responsibility for medication adherence (77.1%), the child 
solely (6.8%) or joint between them (3.1%).
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Child Characteristics

Table 1 provides an overview of all child characteristics and 
their potential univariate association with adherence (self-
report and pill count) and viral load. Controlling for con-
founding and effect modification, we found older children 
(self-report OR 14.70, 1.77–121.99, p = 0.013; pill count OR 
5.70, 2.05–15.88, p = 0.001), children of school going age 
(≥ 6 years) (self-report OR 3.74, 1.45–9.65, p = 0.006; pill 
count OR 3.16, 1.46–6.84, p = 0.003), girls (self-report OR 
2.93, 1.11–7.74, p = 0.030), children who’s school function-
ing was not affected by their condition (pill count for both 
caretaker proxy-report OR 2.79, 1.02–7.63, p = 0.046; and 
child self-report OR 3.00, 1.07–8.43, p = 0.037) were more 
adherent. Children with good health-related quality of life 
scores more likely had a non-detectable viral load (OR 3.31, 
1.05–10.51, p = 0.042).

Caregiver Characteristics

Table 2 provides an overview of all caregiver characteris-
tics and their potential univariate association with adher-
ence (self-report and pill count) and viral load. Control-
ling for potential confounding and effect modification, we 
found older caregivers (self-report OR 12.5, 1.37–106.34, 
p = 0.025), foster parents/family members (self-report 
OR 10.18, 1.33–77.72, p = 0.025; pill count OR 10.80, 
1.84–63.32, p = 0.008 for children < 6 years), children who 
received disclosure (self-report Fisher’s Exact for partial/
full p = 0.005; partial p = 0.028) and caregivers who worried 
more (pill count OR 3.88, 1.69–8.91, p = 0.001) were more 
adherent. Children who received disclosure more likely had a 
non-detectable viral load (partial/full; OR 4.42, 1.22–16.00, 
p = 0.024; partial OR 6.76, 1.41–32.32, p = 0.017).

Clinical Characteristics

Reported complications were fever, oral ulcers, thrush, 
other infections and tuberculosis (one child, 0.5%). Caregiv-
ers identified difficulties to adhere to treatment as running 
out of medication, flavour, forgetting, side effects, multiple 
caregivers, illness, depression and being away from home. 
Side effects reported were fever, rash, sleep disturbance and 
pain. A life-event (e.g. passing of caregiver or discontinua-
tion of care due to travel to Eastern Cape Province) or non-
adherence (e.g., caregiver inability to cope with regimen or 
inability to visit clinic), contributed to children defaulting, 
all of whom subsequently re-started treatment. Most regi-
mens included three medicines (86.7%) from a variation of 
11 medicines (fixed drug combinations were used). Table 3 
provides an overview of adherence and viral suppression 
per medicine. Table 4 provides an overview of all clinical 
characteristics and their potential univariate association with 

adherence (self-report and pill count) and viral load. Con-
trolling for potential confounding and effect modification, 
we found boys with clinical stage three (pill count OR 14.45, 
1.51–138.16, p = 0.020) or stage four (pill count OR 12.72, 
1.08–149.65, p = 0.043), children who experience complica-
tions in the last 30 days (adjusted pill count 95–100% OR 
2.75, 1.13–6.70, p = 0.026), caregivers who did not expe-
rience difficulties administering medication (self-report 
OR 31.11, 6.95–139.36, p < 0.001; pill count OR 12.51, 
4.28–36.53, p < 0.001), girls who started treatment after the 
first year of life (pill count OR 5.05, 1.46–17.43, p = 0.010) 
and children on tablet formulations only (pill count Fisher’s 
Exact p = 0.001) were more adherent. Caregivers of children 
(< 6 years) who did not report any problems administering 
medication (OR 28.75, 3.16–261.41, p = 0.003), regimens 
without didanosine (OR 3.70, 1.13–12.12, p = 0.030) or 
including lamivudine (OR 4.04, 1.36–12.02, p = 0.012) more 
likely had a non-detectable viral load.

Socio‑economic Characteristics

Table 5 provides an overview of all socio-economic charac-
teristics and their potential univariate association with adher-
ence (self-report and pill count) and viral load. Controlling 
for potential confounding and effect modification, we found 
families who own a TV (self-report OR 4.02; 1.22–13.24 
p = 0.022), fridge (self-report OR 2.91, 1.11–7.65, p = 0.031) 
or bicycle (self-report Fisher’s Exact p = 0.028; pill count 
OR 2.56, 1.14–5.72, p = 0.022), boys with high family func-
tioning scores (pill count OR 5.66, 1.12–28.61, p = 0.036) 
and caregivers who reported problems with daily activi-
ties (pill count OR 3.37, 1.18–9.63, p = 0.023) were more 
adherent.

Prediction Models

The prediction model for adherence included three varia-
bles: problems reported (self-report OR 33.44, 7.15–156.36, 
p < 0.001; pill count OR 13.87, 4.62–41.59, p < 0.001), 
school going age (self-report OR 0.26, 0.08–0.79, p = 0.018; 
pill count OR 0.33, 0.15–0.76, p = 0.009) and sex of the 
child (self-report OR 3.42, 1.11–10.50, p = 0.032; pill 
count OR 0.47, 0.23–0.93, p = 0.030). The prediction 
model for viral load included six variables: problems 
reported (OR 7.10, 2.23–22.65, p = 0.001), HRQoL 
(OR 0.07, 0.01–0.33, p = 0.001), disclosure (OR 0.09, 
0.02–0.37, p = 0.001), adherence (pill count 95–105% 
OR 0.25, 0.08–0.80, p = 0.019), family impact score (OR 
3.32, 1.12–9.83, p = 0.031) and age of patient (OR 3.03, 
1.04–8.85, p = 0.043). The percentage correctly classified 
cases was 90.1% (self-report), 72.5% (pill count) and 78.4% 
(viral load). The Hosmer and Lemeshow Chi square test for 
goodness of fit was 9.9 with p = 0.196 (self-report), 4.3 with 
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p = 0.509 (pill count), and 7.6 with p = 0.373 (viral load). 
Of note is that caregivers report girls are more adherent 
(three-day recall self-report) where defining adherence by 
pill count (95–105%) we find the opposite where boys are 
more adherent.

Discussion

Adherence in this South African paediatric cohort was 
20.3–54.7% for pill count, 79.6–89.1% for self-report and 
66.7% viral suppression. When the condition had a promi-
nent effect on daily life (health-related quality of life, school 
functioning, WHO staging, complications, worry, daily 
activities), caregivers ensured medication was taken result-
ing in higher levels of paediatric adherence and viral sup-
pression. Well-functioning households and households with 
high SES provide a context supportive of treatment adher-
ence and viral suppression. Non-disclosure and difficulties 
administering medication negatively affected adherence and 
viral suppression.

Self-reports are influenced by social desirability and tend 
to overestimate adherence. Pill counts are more accurate 
and reliable [19]. The variation between adherence meas-
ures could be explained by the measuring periods (3-day 
self-report or pill count over a month period) and differ-
ent definitions used (a more strict definition will find less 
children adherent). Pill counts up to 192% could be due 
to vomiting and re-administering the dose, too many pills 
taken, or disposing of pills. This informed the recommen-
dation to include upper levels when defining adherence. 
Monthly visits represent a convenient and appropriate time 
to address difficulties administering medication rather than 
non-adherence (self-report), providing a good estimate of 
adherence and an opportunity to resolve problems while 
reducing social desirable answers and stigmatisation before 
the child starts failing treatment.

Child characteristics affecting adherence and treatment 
efficacy were age, sex, school functioning and health-related 
quality of life. A child’s age and sex are important factors 
associated with adherence in the South African context 
[25–27], although not all studies confirm this association [8, 
25]. Self-reports identified girls more adherent, pill counts 
indicated boys as more adherent. Girls progress to disease 
more slowly compared to boys [28], possibly explaining 
lower pill counts for girls (less impact of condition on daily 
life). The social construct of gender roles could explain 
this difference. A study in a similar setting identified the 
pervasiveness of traditional gender roles [29]. Translating 
these roles to children and their medication taking behav-
ior, daughters are expected to be at home, assume a caring 
role and responsibility for their treatment (high caregiver-
reported adherence). Sons spent more time outside and are O
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assumed to require more involved caregiver guidance regard-
ing their treatment (high pill counts). Gender roles should 
be taken into account when interpreting adherence measures 
in clinical practice, the development of interventions and 
future research. Quality of life of the child is confirmed by 
multiple studies as an important factor in paediatric adher-
ence [26, 27, 30]. We find children with high health-related 
quality of life scores were less adherent to their treatment but 
more likely had a non-detectable viral load. When the con-
dition has a prominent effect on daily functioning (detect-
able viral load, low health-related quality of life and school 
functioning scores), adherence to the regimen seems more 
urgent. When the child is well (non-detectable viral load, 
high health-related quality of life and school functioning 
scores) this urgency is not as prominent.

Caregiver characteristics associated with paediatric 
adherence and treatment efficacy were age, relationship, 
disclosure and worries. Our study is unique in confirming 
an association between adherence and age of caregiver and 
child-caregiver relationship [8, 9, 16]. Disclosure of HIV 
status to the child was associated with better adherence as 
reported by others [16, 26, 27] although not all research 
confirms the association [8]. A child’s understanding of a 
condition and active knowledge on how to manage it are 
important for adherence [19]. Disclosure is encouraged, 
however, we emphasize the process can only be successful 
when a supportive social context is present [31]. Similar 
to the condition affecting the child’s daily life, caregivers 
who worry and who’s daily activities are affected by the 
chronic condition, are more likely adherent. Literature sup-
ports caregiver anxiety and depression are associated with 
adherence [27].

Clinical characteristics associated with paediatric 
adherence were WHO clinical staging, complications, 
difficulties administering medication, commenced within 
first year of life, formulation and regimen. Clinical char-
acteristics [9] and clinical staging are important in paedi-
atric adherence [30]. We cannot confirm treatment fatigue 
[16], rather we found a more adherent population at older 
age and longer on treatment. This could be explained by 
young non-adherent children who not yet defaulted, where 
children who were non-adherent and on treatment for a 
longer period would likely default and excluded from our 
study. Liquid formulation palatability could contribute to 
non-adherence in young children [16], we find children 
on tablets only more adherent. Reported difficulties expe-
rienced with administering medication was not before 
associated with paediatric adherence [9]. Regimens with 
didanosine were associated with non-adherence and litera-
ture confirms low adherence for didanosine [32]. Current 
paediatric guidelines recommend to replace didanosine 
regardless of viral load [7]. Regimens including lamivu-
dine were associated with good adherence as does a study O
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in children [17]. The presence of side effects (didanosine) 
or lack thereof (lamivudine) could explain our findings.

Socio-economic characteristics associated with pae-
diatric adherence and treatment efficacy were specific 
assets, family functioning and activities. Although socio-
economic status is often poorly addressed [8], literature 
reports an association between better socio-economic 
status and good paediatric adherence [8, 9, 30], includ-
ing specific household assets like a fridge [9]. Similar to 
the child and caregiver’s life being affected by the child’s 
condition, we find an association between the impact of 
a chronic health condition on family life and paediatric 
adherence. This provides unique insight in the social 
impact of the dynamic adherence process.

Relying on medical records for available viral load and 
CD4 count limited available data and having both the car-
egiver and child present during their respective interviews 
was a potential limitation to our study. The children not 
included in the study potentially defaulted on treatment 
which could have introduced bias and an overestimation 
of adherence. We suggest doing similar research in other 
settings to ensure generalizability of data. Strengths of our 

study include reasonable sample size and inclusion of all 
children aged 5 years and older for health-related quality 
of life. We used multiple measures for paediatric adher-
ence and provide a comprehensive analysis of a wide range 
of potential predictors including child, caregiver, clinical 
and socio-economic characteristics.

Conclusion

This study shows challenging levels of adherence impact-
ing directly on viral suppression in a South African paedi-
atric HIV program and provides a unique comprehensive 
analysis of potential predictors with multiple measures and 
definitions. Adherence is a dynamic, multifactorial process 
including child, caregiver, clinical and socio-economic char-
acteristics. Measuring adherence is important. Definitions 
for pill counts should include both lower and upper limits. 
Monthly clinic visits represent a convenient and appropri-
ate time to address difficulties administering medication and 
an opportunity to resolve problems while reducing social 
desirable answers and stigmatisation. Gender roles, non-dis-
closure and difficulty administering medication may under-
mine adherence and should be taken into account for clinical 
guidelines, policy design and when informing strategies.

Table 4  Adherence and treatment efficacy by medication

NRTI nucleoside reverse transcriptase inhibitors, NNRTI non-nucleoside reverse transcriptase inhibitors, PI protease inhibitor, PC pill count, SR 
self-report, LDL undetectable, VL viral load

Medication (N = 192) In regimen
n (%)

Mean PC % (sd) Min–max PC % Adherent SR
n (%)

Adherent PC
n (%)

LDL VL
n (%)

NRTIs 192 (98.5) – – 170 (89.5) 69 (35.9) 86 (67.2)
 Didanosine 19 (9.9) 91.7 (17.2) 38–107 18 (94.7) 8 (42.1) 5 (38.5)
 Stavudine 56 (29.2) 93.5 (17.7) 35–148 49 (89.1) 21 (37.5) 26 (66.7)
 Zidovudine 66 (33.8) 92.2 (19.2) 38–144 60 (90.9) 20 (30.3) 28 (62.2)
 Abacavir 66 (34.4) 95.8 (18.4) 21–153 55 (85.9) 23 (34.8) 31 (70.5)
 Lamivudine 170 (87.2) 96.0 (22.3) 21–192 150 (89.3) 60 (35.3) 80 (70.8)
 Tenovovir 1 (0.5) 84.0 (–) 84–84 1 (100.0) 0 (0.0) 1 (100.0)

NNRTIs 67 (34.4) – – 61 (93.8) 28 (41.8) 30 (63.8)
 Efavirenz 65 (33.9) 96.5 (11.3) 46–118 59 (93.7) 27 (41.5) 29 (64.4)
 Nevirapine 2 (1.0) 93.0 (9.9) 86–100 2 (100.0) 1 (50.0) 1 (50.0)

PI 115 (59.0) – – 102 (88.7) 35 (30.4) 56 (69.1)
 Lopinavir/ritonavir 115 (59.0) 92.3 (20.0) 32–131 102 (88.7) 35 (30.4) 56 (69.1)
  Tablets 71 (37.0) 91.9 (19.1) 32–117 65 (91.5) 29 (40.8) 34 (68.0)
  Syrups 44 (22.9) 93.0 (21.7) 34–131 37 (84.1) 6 (13.6) 22 (71.0)

 Ritonavir 1 (0.5) 118.0 (–) 118–118 0 (0.0) 0 (0.0) 0 (0.0)
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