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Abstract
Introduction: Optimal antiretroviral therapy (ART) adherence is crucial for improved patient outcomes; however, ART adher-
ence among adolescents living with HIV (ALHIV) is low. Also, the performance of various adherence measures among ALHIV
is under contention. We monitored ART adherence and compared Self-report (SR) and Wisepill electronic monitoring (EM)
performance in measuring ART adherence and predicting HIV viral suppression among ALHIV.
Methods: Between January 2014 and December 2015, we recruited 702 ALHIV aged 10–16 years into our cluster-
randomized controlled trial (2012–2018) in 39 clinics in Uganda. The intervention included a long-term savings child develop-
ment account, four micro-enterprise workshops and 12 mentorship sessions. Using the entire sample, we performed multilevel
logistic regression to predict monthly ART adherence trends for the first year of follow-up. Since it is possible that the inter-
vention had different effects on SR and EM adherence, we used participants in the control arm only to compare adherence
using SR and EM and to calculate their sensitivity and specificity in predicting viral suppression.
Results: There was a significant decline in adherence for each month throughout the entire follow-up period regardless of
the group assigned. Good ART adherence was measured at 79.2% (75.2–82.6%) and 97.0% (95.4–98.1%) using EM and SR,
respectively. Overall, 64.3% (60.6–67.9%) had suppressed viral loads. The specificities for EM and SR in predicting viral non-
suppression were 80.4% (73.6–85.7%) and 96.7% (93.3–98.4%), while the sensitivities were 22.9% (15.0–33.3%) and 1.8%
(0.4–6.9%), respectively. The area under the curve was low for both EM and SR, at 53.6% (45.7–61.5%) and 56.2% (53.2–
59.3%), respectively. There was high agreement (78%) between SR and EM in monitoring adherence.
Conclusions: Our findings highlighted the need for strategies for sustained optimal adherence. SR and EM measure adherence
with a considerable agreement; however, neither is an accurate predictor of virological outcome. There is still a need for an
acceptable, feasible and affordable method that predicts viral suppression among ALHIV.
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1 INTRODUCT ION

Most children born with HIV survive into adolescence and
adulthood due to expanded access to antiretroviral ther-
apy (ART) [1, 2]. This, alongside horizontal transmission, has
resulted in the number of adolescents living with HIV (ALHIV)
to increase in the last decade. Approximately 1.5 million
ALHIV reside in sub-Saharan Africa, accounting for 88% of
the global population of ALHIV [3–4, 7]. In Uganda, of the

1.2 million people living with HIV, 150,000 are children and
adolescents below 15 years [4].

Optimal ART adherence is associated with better clinical
and immunological outcomes, such as preventing HIV drug
resistance, reducing HIV transmission and prolonging survival.
Compared to adults, ALHIV have lower ART adherence and
poorer outcomes [3, 5–6, 28, 38], resulting in increased AIDS-
related deaths in this population [7]. In 2019 alone, globally,
34,000 adolescents died from AIDS and AIDS-related causes
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[7]. In Uganda, viral suppression among ALHIV is 32.5% and
44.9% for males and females, respectively [5]. Gaps still exist
in research on adherence in this group. For instance, although
electronic monitoring (EM) allows objective measurement of
ART adherence prospectively, few studies employing EM have
focused exclusively on adolescents from low-income back-
grounds [8]. Yet, understanding the trend in adherence is cru-
cial in informing the development of focused interventions to
improve adherence.

Self-reports (SR) and EM are two of the various measures
of ART adherence [3, 9–11, 29–30, 39–40]. Although these
measures perform well in adults [11, 12], their performance
in ALHIV is variable. For example, in young adolescents, the
responsibility of ensuring adherence lies on both the ALHIV
and the caregiver [13–14, 41–42]. Therefore, using SR to
study adherence in this age group requires consideration of
both the ALHIV and the caretaker. However, SR is often
administered to the adolescent alone, without considering the
caretaker. Also, because adolescents are still developing cog-
nitively, their reporting behaviours may differ from those of
adults [13]. SR is subject to recall and social desirability biases
leading to over-estimation of adherence [3, 15]. EM mea-
sures are costly, and usually require reliable telephone net-
work connectivity [3, 15]. There is a need to understand how
these measures perform in monitoring adherence and predict-
ing viral suppression in resource-limited settings. Our paper
had two main aims: (1) to model the monthly changes in the
prevalence of EM adherence to ART and (2) to compare the
performance of SR and EM ART adherence in predicting HIV
viral suppression among ALHIV in a resource-limited setting.

2 METHODS

2.1 Study design

This paper utilized data from a 5-year NICHD-funded cluster-
randomized controlled trial (Suubi+Adherence study) that ran
between 2012 and 2018. The study examined the impact of
a family-based economic empowerment intervention on HIV
treatment adherence among ALHIV. The intervention pack-
age had three components including: (1) a child development
account for long-term saving, (2) four microenterprise work-
shops training participants and their families on how to save
money and start a family business, and (3) 12 mentorship ses-
sions addressing financial planning, business development and
setting up short- and long-term goals. The workshops were
provided to the participants and their families, while the men-
torship sessions were offered for the adolescents only. Adher-
ence assessments were conducted at baseline, 12-, 24-, 36-
and 48-months follow-ups. The details have been published in
the study protocol and other International Center for Child
Health and Development publications [16–17, 43–44].

2.2 Study setting

Participants were recruited from health clinics located in the
Greater Masaka region in Uganda. The area reports HIV
prevalence rates of up to 12%, which is higher than the
national prevalence [18]. Clinics were included in the study if
they were accredited to provide HIV care.

2.3 Study population

Between January 2014 and December 2015, we recruited
702 HIV-positive adolescents (control = 344 and interven-
tion = 358) and followed them up for 4 years. Briefly, to be
eligible for enrolment into the study, one had to be HIV pos-
itive (adolescent was tested and had confirmation from the
medical report) and aware of their status, between ages 10
and 16 years, living within a family and on ART. These patients
visited the clinic monthly as part of the routine clinic proce-
dures. When modelling the monthly changes in ART adher-
ence, we included all the participants irrespective of the study
group. On the other hand, to compare the performance of SR
and EM in predicting HIV viral suppression, we included only
participants in the control group.

2.4 Randomization

Initially, 40 clinics were randomized into the two study
arms using the restricted randomization technique. However,
before data collection started, one clinic was closed by the
district health officials because it lacked proper operational
licensure. This clinic was subsequently dropped from the
study leaving 39 clinics (19 clinics in the control arm and 20
clinics in the intervention arm) (Figure 1). All the participants
in a clinic received the same intervention determined by the
study arm in which the clinic was randomized.

3 MEASURES

3.1 Adherence measures

3.1.1 Electronic adherence monitoring

Participants were provided with a Wisepill adherence moni-
toring device [19, 20] connected to a mobile telecommunica-
tions network. Whenever a patient opened the device, it sent
a signal to a central server. This signal was denoted as “intake”
and was a proxy for a dose taken. Each time the device was
not opened, it registered a signal denoted “heartbeat,” which
indicated that the device was working, but it was not opened.
A signal denoted “none” was only sent when the device was
malfunctioning. We received daily adherence information from
the participants’ Wisepill device. A missed dose was coded
with 0, and a dose taken was coded as 1. We aggregated the
daily adherence data to generate monthly adherence. Using
the 2020 Consolidated Guidelines for the Prevention and
Treatment of HIV in Uganda [21], we dichotomized adher-
ence into good and poor. The guidelines define poor ART
adherence as missing ART for more than 4 days a month.
At analysis, the few times the devices were malfunctioning
were treated as missing data. Patients opened their Wisepill
device several times a day for the first few days of receiv-
ing the device. As a result, the devices transmitted numer-
ous signals every day for most of the first week. Therefore,
due to concerns regarding the reliability of the device open-
ing data during the initial usage period, we excluded the data
from the first week after receiving the Wisepill device. After
the first week, for instances where the participants opened
the Wisepill device more than once for a prescribed dose, we
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Figure 1. CONSORT flow chart for the Suubi+Adherence study (2012–2018). In the current study, we followed up the participants for
the first year of the study. To answer the first aim of our current study, we included participants from both study groups. For the
second study aim, we only included participants in the control group and used measurements taken at 1 year of follow-up to compare
the performance of SR and EM in monitoring adherence and predicting viral suppression. In the intervention group, 342 of the 356
participants completed evaluation at the end of the first year. Of the 16 participants who did not complete the evaluation, seven were
lost to follow-up, one participant withdrew from the study and eight participants died. In the control group, 328 of the 344 participants
completed evaluation at the end of the first year. The 16 participants who did not complete the evaluation included 13 participants who
were lost to follow-up, two participants who withdrew from the study and one participant who died.
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Table 1. Baseline characteristics of 702 adolescents living with HIV in Uganda

Characteristics

Total sample

n = 702 (%)

Control

n = 344 (%)

Intervention

n = 358 (%)

Female 339 (56.3) 174 (50.1) 165 (64.0) 0.783

Age in completed years (mean ± SD) 12.4 ± 1.98 12.4 ± 1.97 12.5 ± 1.99 0.493

Orphanhood statusa

Both parents are deceased 182 (26.4) 95 (28.0) 87 (24.8) 0.537

One parent is still alive 262 (38.0) 129 (38.1) 133 (37.9)

Both parents are alive 246 (35.7) 115 (33.9) 131 (37.3)

ARV treatment regimen

First-line treatment regimen 438 (62.4) 222 (64.5) 216 (60.3) 0.251

Second-line treatment regimen 258 (36.8) 117 (34.0) 141 (39.4)

Third-line treatment regimen 6 (0.9) 5 (1.5) 1 (0.3)

Number of pills prescribed per day

Less than 2 445 (63.4) 218 (63.4) 227 (63.4) 0.967

2–4 155 (22.1) 77 (22.4) 78 (21.8)

More than 4 pills 102 (14.5) 49 (14.2) 53 (14.8)

Baseline viral load

Suppressed (<50 copies/ml) 424 (60.4) 219 (63.7) 205 (57.3) 0.083

Not suppressed (≥50 copies/ml) 278 (39.6) 125 (36.3) 153 (42.7)

Frequency of medication

Once a day 75 (12.7) 36 (12.4) 39 (13.0) 0.622

More than once a day 515 (87.3) 254 (87.6) 261 (87.0)

Abbreviation: SD, standard deviation.
aSome participants (12) had missing information on orphanhood status.

considered only the first opening and ignored the subsequent
openings.

3.1.2 Self-reported ART adherence

Each participant was asked to recall how many days they had
missed taking at least one of the doses of their HIV medica-
tion in the preceding 30 days. Specifically, the participant was
asked, “In the last 30 days, on how many days did you miss at
least one dose of your HIV medications?” This measure has been
previously used [16, 17]. We dichotomized the adherence into
good and poor adherence based on missing at least one dose
of ART for more than 4 days in a month [21].

3.1.3 Viral load

The viral loads were quantified using the Abbott Real-
Time HIV-1 RNA PCR, version 5.00. The viral load was
dichotomized into suppressed (<50 copies per ml) and unsup-
pressed (≥50 copies/ml) [22].

3.1.4 Baseline characteristics

We collected information about socio-demographic character-
istics, including, sex (males vs. females) and orphanhood status
(not orphan vs. single orphan vs. double orphan). We also col-
lected treatment-related information, including the antiretro-
virals (ARV) treatment regimen (first vs. second vs. third line),
the number of pills taken per day (less than two vs. two to

four vs. more than four) and the frequency of taking the ART
in a day (once vs. twice).

3.2 Data analysis

Data were analysed using Stata version 15.1. We summarized
numerical data using means and standard deviations, and
categorical data using percentages. We compared baseline
socio-demographic and treatment characteristics between the
intervention and control arm (Table 1). Depending on the
distribution, we used survey estimator analogs of the t-test
or a Mann–Whitney-U test for the numerical data and the
Rao–Scott adjusted chi-square test for categorical data. Of
the 702 participants, 103 did not receive a Wisepill device
and were not included in the analysis for aim one (modelling
the ART adherence trends) Seventy-eight of the participants
without a Wisepill device were randomized to the control
group. We performed subgroup analysis based on age, sex,
orphanhood status, ARV regimen, number of pills prescribed
and frequency of taking ART. We also performed a sensitivity
analysis for various SR, EM and viral load cut-off values.

3.2.1 Multilevel regression analysis

To longitudinally explore the effect of the intervention on EM
ART adherence, we performed multilevel logistic regression
models using the melogit command. We estimated the margins
(i.e. predicted probabilities) for our model and then generated
a margins plot for the predicted adherence against time. After
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Table 2. Distribution of participant characteristics based on viral suppression

Viral load; N (percentage)

Characteristics Suppressed Unsuppressed p value

Female 245 (57.8) 151 (54.3) 0.365

Age in completed years

10–13 years 294 (69.4) 183 (65.8) 0.329

14–16 years 130 (30.7) 95 (34.2)

Orphanhood status

Both parents are deceased 104 (24.9) 78 (28.7) 0.420

One parent is still alive 158 (37.8) 104 (38.2)

Both parents are alive 156 (37.2) 90 (33.1)

ART regimen

First-line treatment regimen 275 (64.9) 163 (58.6) 0.096

Second and third regimen 149 (35.1) 115 (41.4)

Frequency of medication

Once a day 46 (12.3) 31 (13.5) 0.667

More than once a day 327 (87.7) 198 (86.5)

Abbreviation: ART, antiretroviral therapy.

ruling out group-time interaction through running contrasts
of marginal predictions, we ran further contrast commands to
determine whether the change in adherence over time was
significant. Statistical significance for all effects was evaluated
at alpha = 0.05.

3.2.2 Agreement between measures of adherence

In comparing the performance of the SR and EM adherence
in predicting viral suppression, we included only participants
in the control arm of the parent study. We excluded partici-
pants in the intervention arm to ensure that any observed dif-
ferences in adherence were not attributed to the intervention.
We used viral load, SR and EM adherence data collected dur-
ing the 12th month of follow-up. This way, we ensured that
we compared results for measures collected at the same time
point. We calculated the percentage agreement between the
three tests and the Kappa statistic to determine whether the
observed percentage agreement was not due to chance. As
observed in our data, whenever there is skewness in the data
compared, Kappa statistic is prone to the “paradox of kappa,”
whereby the kappa values are so low despite high observed
agreement [23]. We employed the adjusted coefficient (AC1)
proposed by Gwet in 2008, which adjusts for the “paradox of
Kappa” bias [24].

3.2.3 Area under the curve

We determined the sensitivity and specificity of SR and EM
adherence in predicting viral non-suppression; we fitted a
model to generate the area under the curve (AUC) and asso-
ciated bootstrapped 95% confidence intervals using the clus-
ter bootstrap to control for clustering at the clinic level. We
included a subgroup analysis among young (below 14 years)
and older (14–16 years) adolescents. AUC below 70% shows
the test is poor, while values of 70–80%, 80–90% and above
90% represent acceptable, excellent and outstanding test per-

formances, respectively [25]. We plotted marginal receiver-
operator curve (ROC) curves for SR and EM adherence in
predicting viral outcomes.

3.3 Ethical considerations

The study was approved by the Makerere University School
of Public Health Research and Ethics committee (Protocol
#210) and the Uganda National Council for Science and Tech-
nology (UNCST, SS 2969). Also, the study received approval
from the Columbia University Review Board (AAAK3852).
Suubi+Adherence study was registered at ClinicalTrials.gov
(#NCT01790373). Adolescents provided informed written
assent, and caregivers provided written consent before par-
ticipating in the study. All study staff received research ethics
training in Good Clinical Practice or online Collaborative Insti-
tutional Training Initiative.

4 RESULTS

4.1 Socio-demographic characteristics

Table 1 presents the baseline socio-demographic characteris-
tics of the study population. These characteristics were com-
parable between the control and intervention arms. Overall,
the sample comprised 56.3% females (n = 339), and the mean
age was 12.4 years. Regarding orphanhood status, 38.0%
(n = 262) had lost one parent, while 35.7% (n = 246) had
both parents alive. At baseline, 60.4% (n = 424) had sup-
pressed viral loads. There were no significant differences in
the distribution of baseline characteristics based on viral load
suppression (Table 2).

4.2 ART adherence

The multi-level regression model for predicting ART adher-
ence measured using the Wisepill device showed that there
was no significant difference in adherence between the
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Table 3. Monthly trends in ART adherence among adolescents with HIV measured using Wisepill technology for 1 year among

ALHIV

95% Confidence interval

Variable Coefficient Lower limit Upper limit p value

Time in months

1 Reference

2 −1.202 −2.090 −0.313 0.008

3 −1.787 −2.906 −0.668 0.002

4 −1.875 −2.808 −0.943 <0.001

5 −2.177 −3.051 −1.304 <0.001

6 −2.217 −3.091 −1.343 <0.001

7 −2.166 −2.930 −1.402 <0.001

8 −2.473 −3.450 −1.496 <0.001

9 −2.373 −3.589 −1.158 <0.001

10 −2.517 −3.797 −1.236 <0.001

11 −1.798 −3.284 −0.670 0.003

12 −2.416 −3.717 −1.115 <0.001

Group

Intervention 0.339 −1.094 1.771 0.643

Time and group interaction

1 Reference

2 −0.415 −1.639 0.808 0.506

3 −0.217 −1.614 1.181 0.761

4 −0.091 −1.329 1.147 0.885

5 −0.369 −1.726 0.987 0.594

6 −0.069 −1.434 1.296 0.921

7 0.573 −0.823 1.968 0.421

8 0.021 −1.476 1.518 0.978

9 0.190 −1.415 1.794 0.817

10 −0.176 −1.819 1.468 0.834

11 −0.343 −1.931 1.245 0.672

12 −0.116 −1.921 1.689 0.900

Constant 6.044 4.778 7.311 <0.001

Random effects Coefficient Lower limit Upper limit

Clinic variance 0.089 0.014 0.528

Participant variance 10.610 8.208 13.716

intervention and control arm β = 0.339 (95% CI: –1.094
to 1.771), p = 0.643. Also, compared to the first month,
there was a significant decline in adherence for each month
throughout the entire follow-up period regardless of the
group assigned. Compared to baseline, there was significantly
lower adherence at each follow-up point, irrespective of the
study group (Table 3). The findings are illustrated in Figure 2.
The monthly adherence gradually declined for the first 5
months of follow-up, after which it showed monthly fluctua-
tions for the rest of the follow-up time.

4.3 Agreement between the adherence measures

Using EM, 79.2% (75.2–82.6%) of the participants had good
ART adherence, while 97.0% (95.4–98.1%) reported good
adherence with SR. Overall, 64.3% (60.6–67.9%) had sup-

pressed viral loads at the 12th month of follow-up. We
observed statistically significant differences in viral suppres-
sion across participants who were prescribed 2 or fewer pills,
2–4 and more than 4 pills per day (p = 0.022). Also, the
self-reported adherence was significantly higher in males than
females (p = 0.05). See Table 4.

There was 77.7% agreement between SR and EM when
monitoring adherence. However, the observed agreement was
lower between SR versus viral load and EM versus viral
load (64.0% and 61.4%, respectively). The kappa statistic for
all three tests was low, ranging from 0.02 to 0.06. How-
ever, the agreement coefficients were higher, ranging from
0.4 to 0.8, which suggested moderate to good agreement
between the measures. Comparable results were observed in
younger (10–13 years) and older (14–16 years) adolescents
(Table 5).

6

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25990/full
https://doi.org/10.1002/jia2.25990


Kizito S et al. Journal of the International AIDS Society 2022, 25:e25990
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25990/full | https://doi.org/10.1002/jia2.25990

Figure 2. Linear prediction of monthly adherence measured using the Wisepill device in the Suubi+Adherence study conducted among
ALHIV in Southern Uganda. We fitted a three-level logistic regression model, with the repeated measures of adherence taking level 1,
the participant at level 2 and the clinic at level 3. Vertical bars denote the 95% confidence intervals (CI) for the adherence in each
of the months of follow-up. Optimal adherence meant that a participant took their ART and missed medication on only 4 days or less
within the month. A total of 599 ALHIV contributed to 6262 observations over a period of 1 year. EM data were generated daily and
were averaged to generate monthly adherences.

4.4 Sensitivity, specificity and AUC

We found high specificities of, 80.4% (73.6–85.7%) and 96.7%
(93.3–98.4%), for the EM and SR, respectively. The sensitiv-
ities for the two tests were 22.9% (15.0–33.3%) and 1.8%
(0.4–6.9%), respectively. The AUCs for EM and SR were
53.6% (45.7–61.5%) and 56.2% (53.2–59.3%), respectively.
We observed similar results when we performed separate
tests for the adolescents aged 10–13 years and those 14–
16 years old. Figure 3 shows the ROC for SR and EM in pre-
dicting viral non-suppression (Table 6).

4.5 Sensitivity analysis

We conducted sensitivity analysis by performing comparisons
of SR and EM using various adherence levels. Specifically,
we used percentage adherences of 95%, 90% and 85% for
each measure. We also performed analyses at viral load cut-
off values of <1000 copies/ml to denote viral suppression, as
defined by the Uganda national HIV guidelines [21]. All the
sensitivity analyses yielded comparable results.

5 D ISCUSS ION

In the context of this randomized controlled trial of ALHIV,
we modelled the monthly changes in the EM adherence to
ART for 1 year and compared the performance of SR and EM

in predicting HIV viral suppression among ALHIV in South-
ern Uganda. ART adherence gradually declined, with monthly
fluctuations, starting in the first month until the last month,
and the intervention was not efficacious in improving ART
adherence. We also found that only two-thirds of the partic-
ipants had achieved viral suppression. Adherence was inde-
pendent of demographic and treatment-related factors. While
both measures roughly correlated with each other, neither
SR nor EM was found to reliably predict viral suppression in
this population. Our results add to the understanding of the
discrepancy in measuring ART adherence and predicting viral
suppression in ALHIV.

The gradual decline in EM adherence is consistent with pre-
vious follow-up studies among youths [26, 27]. One possible
explanation for the declining adherence is a loss of interest
in using the Wisepill device. Some participants reported to
our research assistants that they were not using the Wisepill
devices consistently since the devices needed to be charged,
while others were afraid to misplace the device. Although
not assessed in our study, qualitative studies elsewhere have
examined the reasons for the decline in using the Wisepill
device. One study highlighted that patients complained about
the Wisepill device being conspicuous and bulky [27]. In these
instances, patients resorted to keeping their pills elsewhere
and continued swallowing them without using the Wisepill
device. The declining adherence that we found in our study
highlights the need to implement strategies to ensure sus-
tained adherence.
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Table 4. Adherence to antiretroviral therapy measured at month 12 of follow-up among adolescents with HIV

Viral suppressiona Wisepill adherenceb Self-reported adherenceb

Variables Prevalence (95% CI) p value Adherence p value Adherence p value

Overall 64.3 (60.6–67.9) 79.2 (75.2–82.6) 97.0 (95.4–98.1)

Age of adolescent

10–13 years 64.9 (60.5–69.2) 0.625 78.1 (73.0–82.4) 0.425 96.8 (94.7–98.0) 0.553

14–16 years 63.0 (56.2–69.3) 81.8 (74.5–86.5) 97.6 (94.3–99.0)

Sex

Male 62.4 (56.7–67.7) 0.349 80.8 (74.7–85.7) 0.454 95.6 (92.5–97.4) 0.050

Female 65.9 (60.9–70.5) 77.9 (72.5–82.6) 98.1 (96.1–99.1)

Orphanhood

Double orphan 62.9 (30.1–44.6) 0.704 82.7 (74.8–88.5) 0.407 97.6 (93.9–99.1) 0.708

One parent alive 63.3 (57.1–69.1) 79.4 (72.9–84.8) 96.8 (93.7–98.4)

Not orphan 66.4 (60.1–72.1) 76.1 (68.8–82.1) 97.9 (95.1–99.1)

ART regimen

First line 65.1 (60.4–69.6) 0.265 80.6 (75.6–84.8) 0.336 97.8 (95.8–98.9) 0.131

Second or third line 63.8 (57.7–69.5) 76.9 (70.2–82.5) 95.8 (92.5–97.6)

Pills prescribed per day

Less than 2 65.5 (60.8–69.9) 0.022 78.5 (73.4–82.8) 0.514 97.8 (95.9–98.9) 0.167

2–4 68.8 (61.0–75.7) 77.7 (68.5–84.8) 94.8 (89.9–97.4)

More than 4 pills 52.5 (42.6–62.2) 84.3 (73.6–91.2) 97.0 (90.9–99.0)

Frequency of medication

Once a day 69.4 (57.7–79.1) 0.556 82.0 (70.0–89.8) 0.566 98.6 (90.5–99.8) 0.441

Twice a day 65.9 (61.7–70.0) 78.8 (74.5–82.5) 97.0 (95.1–98.2)

Abbreviation: ART, antiretroviral therapy.
aViral suppression was defined by having a viral load of less than 50 copies/ml.
bGood adherence was defined as a patient missing ART on only 4 days or less with in the last 30 days.

Table 5. Agreement between the measures of ART adherence among ALHIV in the control group

Adherence measurea
Observed

agreement

Expected

agreement

Adjusted expected

agreement

Kappa

statistic

Agreement

coefficient

Overall

Viral load versus Wise pill 61.4% 59.9% 39.3% 0.04 0.364

Viral load versus Self-report 64.0% 64.7% 30.8% 0.02 0.484

Wise pill versus Self-report 77.7% 77.4% 21.0% 0.01 0.716

Among ALHIV aged 10–13 years

Viral load versus Wise pill 61.1% 60.3% 39.5% 0.02 0.356

Viral load versus Self-report 66.1% 66.9% 28.7% 0.02 0.590

Wise pill versus Self-report 75.6% 74.9% 23.2% 0.03 0.682

Among ALHIV aged 14–16 years

Viral load versus Wise pill 62.0% 58.4% 39.0% 0.09 0.792

Viral load versus Self-report 59.0% 59.4% 33.8% 0.01 0.379

Wise pill versus Self-report 82.3% 83.1% 16.2% 0.05 0.789

Abbreviation: ALHIV, adolescents living with HIV.
aViral load was fixed at 50 copies/ml cut-off.

The high levels of SR and EM adherence among partic-
ipants in this study were comparable to those reported in
studies from similar settings [28, 29, 30, 31]. Because most
participants in our study were ART experienced, resilience
is a plausible explanation for the high levels of ART adher-

ence. Also, the ALHIV were recruited from HIV clinics, where
they receive comprehensive HIV care, including adherence
counselling and monitoring. In 2015, Nabukeera-Barungi et al.
found adherence of 87% among a hospital-based cohort of
ALHIV in Uganda, comparable to our findings [32].
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Figure 3. Area under the receiver-operator characteristic curve for the prediction of virologic failure using Wisepill (left) and Self-report
(Right) at month 12 of follow-up. Viral suppression was defined as having a viral load of at least 50 copies per ml. The marginal ROC
curves were plotted after running a regression model to estimate the area under the curve. A total of 251 ALHIV contributed data for
the EM adherence ROC (left), while 328 ALHIV contributed the data for the SR ROC graph.

Table 6. The sensitivity and specificity measures of Wisepill and Self-report methods in predicting viral non-suppression among

ALHIV in the control group

Viral load

Categories Suppressed Unsuppressed Specificity Sensitivity AUC (%)

Overall

Wisepill measure

Poor adherence 33 (63.5) 19 (36.5)

Good adherence 135 (67.8) 64 (32.2) 80.4 (73.6–85.7) 22.9 (15.0–33.3) 53.6 (45.7–61.5)

Self-report measure

Poor adherence 7 (77.8) 2 (22.2)

Good adherence 208 (65.2) 111 (34.8) 96.7 (93.3–98.4) 1.8 (0.4–6.9) 56.2 (53.2–59.3)

Age 10–13 years

Wisepill

Poor adherence 27 (67.5) 13 (32.5)

Good adherence 92 (69.7) 40 (30.3) 77.3 (68.8–84.0) 24.5 (14.6–38.1) 54.0 (45.0–63.0)

Self-report measure

Poor adherence 5 (83.3) 1 (16.7)

Good adherence 153 (67.4) 74 (32.6) 96.8 (92.6–98.7) 1.3 (0.2–9.1) 56.4 (53.6–59.2)

Age 14–16 years

Wisepill measure

Poor adherence 6 (50.0) 6 (50.0)

Good adherence 43 (64.2) 24 (35.8) 87.8 (74.9–94.5) 20.0 (8.9–38.9) 51.6 (39.7–63.6)

Self-report measure

Poor adherence 2 (66.7) 1 (33.3)

Good adherence 55 (59.8) 37 (40.2) 96.5 (86.7–99.1) 2.6 (0.3–17.4) 54.9 (50.0–59.7)

As found elsewhere, SR reported a higher adherence than
EM [3, 9, 33–34, 45–46]. SR overestimates adherence, pos-
sibly due to social desirability bias and recall biases [15, 27].
Both SR and EM had high specificities, low sensitivities and
small AUCs. The high specificity with low sensitivity findings

is comparable with a study among young adults in China [35].
The high specificity suggests that high SR and EM adher-
ences were good predictors of viral suppression, while low
sensitivities meant that both SR and EM performed poorly
in predicting participants with unsuppressed viral loads. One
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explanation for the poor prediction of viral non-suppression
is that other mechanisms could be responsible for viral non-
suppression, such as drug resistance, drug interactions and
drug absorption and metabolism problems [36, 37]. The low
AUCs suggest that both SE and EM are less reliable pre-
dictors of viral outcomes among ALHIV. Patient-level fac-
tors, such as age, did not influence SR and EM performance.
Although SR is prone to several biases, we have demonstrated
that its performance is comparable to that of EM [27]. Our
results imply that in settings with limited access to electronic
adherence measures, SR can be used to monitor adherence
among ALHIV with comparable accuracy.

SR and EM agreed 78% of the time while categorizing par-
ticipants (adherent or non-adherent) and only disagreed 22%
of the time. The kappa statistic was low, at 0.01, implying that
this agreement could be by chance. The low kappa (despite a
high level of agreement between SR and EM) was explained
by the skewed nature of adherence as measured by both
SR and EM, whereby most participants reported good adher-
ence [23]. When we adjusted for this bias, we observed a
higher agreement coefficient of 0.72, which suggested good
agreement between the two measures. There was a moderate
agreement between viral load and each of the two adherence
measures, SR and EM. Due to the variation in adherence rates
during the follow-up time, it is possible that the observed
agreement between the adherence measures and the pred-
ication of viral suppression was affected by the time point
that we used in making the inferential analyses. Consistent
with other studies, in our study, a considerable number of the
patients with non-suppressed viral loads had good adherence
and vice versa [6]. The results further emphasize the caution
that, if possible, clinicians should not rely on adherence mea-
sures to predict viral suppression. When employed in isolation
(without other interventions like reminder mobile short mes-
sages), the EM does not provide additional benefit in monitor-
ing treatment adherence and predicting viral suppression.

5.1 Strengths and limitations

Our study followed a large cohort of participants using the
Wisepill device for 1 year, which is longer than the follow-
up time for many studies that employed similar technology
in ALHIV. Secondly, the study is among a handful of stud-
ies that prospectively collected information on various adher-
ence measures in the same cohort of ALHIV concurrently.
Hence, we were able to compare the performance of the dif-
ferent adherence measures. Finally, we employed robust sta-
tistical methods, including multi-level logistic regression, to
model adherence trends over time. Thus, we dealt with clus-
tering and accounted for the effect of time and the interven-
tion on adherence.

However, our study has some limitations. It is possible that
some participants took their ART without using the Wisepill
device, resulting in misclassification bias in adherence. We
truncated data from the first week of measuring adherence
using the Wisepill device. For some participants, there were
multiple signals generated during this period. Excluding data
from the first week of monitoring could introduce bias in our
study. We experienced several technical challenges, such as

interruptions in signal transmission and failure to send a sig-
nal due to a drained battery, which resulted in missing data in
measuring adherence. To minimize the missed data, our field
team followed up through phone calls or physical visits when-
ever there was a missed signal for more than 3 days. Also, we
did not have data on ART resistance and duration of medi-
cation, which could have influenced viral suppression. Finally,
the results should be generalized cautiously, especially among
populations in urban and low HIV burden settings. This is
because the study recruited adolescents from HIV care clin-
ics in Makasa subregion, a rural area with an HIV prevalence
higher than the national average. In these high HIV burden
settings, ALHIV receive comprehensive ART adherence coun-
selling and monitoring from the HIV clinics.

6 CONCLUS IONS

Our findings highlighted the need for strategies to ensure sus-
tained optimal adherence over time. SR and EM measured
adherence with a considerable agreement; however, neither
was an accurate predictor of virological outcome. There is still
a need for an acceptable, feasible and affordable method that
predicts viral suppression among ALHIV.
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