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Abstract

Background Treatment outcomes of HIV-positive individuals are threatened by low antiretroviral therapy (ART)
adherence, a problem that is particularly acute among youth. Incentives are a promising tool to support ART adher-
ence, but traditional incentive designs rewarding uniformly high levels of the desired health behavior may demotivate
those with low levels of the behavior. In this study, we investigate the effectiveness of alternative approaches to tar-
get-setting for incentive eligibility using subgoals (i.e., individual-specific, interim targets leading up to the optimal
target).

Methods / design We will enroll 628 HIV-positive youth between ages 15 and 30 into a 3-year randomized con-
trolled trial. Participants will be randomized 1:1:1:1 to a control arm or one of three intervention arms (n=157 each)
that allow them to enter a prize drawing for small incentives if their ART adherence meets the given goal. In the first
arm (T1, assigned subgoal), goals will be externally assigned and adapted to their initial adherence level. In the sec-
ond arm (T2, participatory subgoal), participants can set their own interim goals. In the third arm (T3, fixed goal),

all participants must reach the same target goal of 90% adherence. T1 and T2 participants are required to reach

90% adherence by month 12 to participate in a larger prize drawing. The control group receives the usual standard

of care. All four groups will receive weekly motivational messages; the three treatment groups will additionally receive
reminders of their upcoming prize drawing. Adherence will be measured continuously throughout the intervention
period using electronic devices and for 12 months post-intervention. Surveys will be conducted at baseline and every
6 months. Viral loads will be measured annually. The primary outcome is Wisepill-measured adherence and a binary
measure for whether the person took at least 90% of their pills. The secondary outcome is the log-transformed viral
load as a continuous measure.
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formly highly goal, and a comparison group.

Discussion Our study is one of the first to apply insights about the psychology and behavioral economics of goal-
setting to the design of incentives, by testing whether conditioning the eligibility threshold for incentives on subgoals
(interim goals leading up to the ultimate, high goal) improves motivation and adherence more than setting a uni-

Trial registration ClinicalTrials.gov NCT05378607. Date of registration: May 18, 2022.
Keywords HIV/AIDS, Behavioral Economics, Incentives, Goals, Uganda, Global Health, Randomized controlled trial

Background

In Sub-Saharan Africa (SSA), 25.6 million people are
living with HIV, accounting for 71% of the global total
(WHO 2016). Achieving long-term health and reduced
likelihood of transmission requires lifelong, high medi-
cation adherence, yet low adherence is prevalent among
youth, both in the USA and abroad. A recently released
U.S. study found only 12% of youth to be virally sup-
pressed [1]. A longitudinal study from South Africa fol-
lowing youth and adults found that adolescents aged
11-19 were approximately 50% less likely than adults
to maintain optimally high adherence and 70-75% less
likely to be virologically suppressed[2]. In our study
among Ugandans aged 15-22, mean ART adherence was
64%, and fewer than 30% were adherent at the clinically
desirable rate of 90% or higher [3].

Effective interventions to improve adherence and clini-
cal outcomes for this population are urgently needed,
yet a 2018 systematic review found that while there is a
sizeable body of evidence on adherence interventions for
adults, “current evidence is both sparse and lacking in
quality” for adolescents [4]. Another recent review paper
[5] found only seven intervention studies targeting youth
living with HIV (YLWH), most of which were based in
the USA and were small-scale pilot studies with small
sample sizes. Clearly, more evidence is needed on what
works to improve adherence among youth living in sub-
Saharan Africa.

A growing body of work [6, 7] has documented a posi-
tive impact of incentives to shift complex health behav-
iors such as cardiovascular disease prevention [8], sexual
behavior [9], and HIV-related behaviors including medi-
cation adherence among adults [10], HIV/STI testing [11,
12], and male circumcision [13]. Incentives work by pro-
viding a short-term reward for an action that otherwise
has only long-term benefits, offsetting “present bias,” or
the tendency of many people to act on short-term temp-
tations rather than long-term considerations [14]. They
may therefore be particularly appropriate for adolescents
who discount the future at higher rates than adults [15].
Recent advances in developmental cognitive neurosci-
ence show that adolescents are more reward-sensitive
than adults [16]; adolescents’ socio-emotional brain sys-
tem associated with impulsivity and risk-taking behavior

develops faster than their cognitive control system, with
associated problems for self-regulation [17]. Adolescents
have consequently been found to derive greater satisfac-
tion from incentives than adults [18].

It remains an open question how best to deliver incen-
tives to improve health behaviors. In existing interven-
tions, incentives typically reward individuals for reaching
a certain performance goal, commonly a high threshold
set uniformly for all individuals, such as a physical activ-
ity milestone [19], adherence of 90% [10], or viral sup-
pression [20]. However, people differ in their levels of
baseline performance and capacity to improve their per-
formance. Because traditional, high uniform goals do
not reward marginal improvements, they consequently
reward those with already healthy behaviors. Individuals
who are far from such a high threshold must exert great
effort to reach it—and yet any marginal improvements
they make will not be rewarded, leading to demotiva-
tion. For behaviors which require repeated actions such
as (daily) adherence, this structure can discourage effort
over time, leading to no or only minimal improvement
among those not capable of immediately reaching the
high goal. In our own studies, adherence improvements
were driven by those with already relatively high initial
adherence of about 60—-80%. Those with adherence below
this level did not benefit from our incentive intervention
that set the eligibility threshold at 90% mean adherence,
and reported that failing to win the incentives caused
demotivation [10]. Adolescents and young adults have
the lowest levels of self-esteem of any age group [21] and
are therefore particularly susceptible to demotivation.
Redesigning incentives to enable those (youth) with low
baseline adherence to reach their goals is thus of para-
mount importance.

New research on behavior change shows that break-
ing up goals into smaller increments may be the key
to reconciling short-term behavior with long-term
aspirations [22]. Behavioral economics (BE), and more
specifically Prospect Theory, provides a framework to
conceptualize goals as reference points [23, 24]. The
closer an individual is or gets to a goal, the more moti-
vated they are to achieve it. Conversely, someone far
away experiences demotivation [25], resulting in inac-
tion. This concept supports subgoaling, i.e., creating
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smaller interim goals working towards to the ultimate
goal as a solution to overcome the starting problem.
Subgoaling takes advantage of individuals working
harder when their goal feels more attainable, reinforces
motivation by rewarding marginal improvements [26,
27], and boosts task persistence [28]. The approach is
most useful when people are doubtful about reaching
or are performing far below a distant goal [29, 30].

Allowing participants to set their own interim goals
increases agency / ownership [31] and in turn height-
ens self-efficacy, goal commitment, and performance,
compared to assigned (i.e., externally assigned) goals
[32-34]. It further avoids the concern that intrinsic
motivation may be crowded out by external rewards
[35]. This approach also leverages information the par-
ticipant holds about their capability to reach a goal not
evident to the interventionist, i.e., the participant’s pri-
vate information.

In this study, Goals for Adherence with Low-cost
Incentives (GOALS), we will test two approaches to
setting interim goals to test the relative contribution of
subgoaling and ownership. It is well established in the
psychology literature that goals mediate the effect of
incentives on performance [36]. Yet evidence is lacking
in terms of how to best set the eligibility goals in incen-
tive interventions. GOALS proposes testing externally
assigned subgoals (first treatment arm) and participa-
tory subgoals (second treatment arm) with the goal
to reach at least 90% adherence. The objective in year
1 is to identify the incentive design most effective for
improving adherence. In addition to these interim prize
drawings at regular clinic visits, there will be a larger
prize drawing at month 12 to make achieving the 90%
goal particularly salient. All treatment arms will receive
weekly SMS motivational reminders with the goal of
keeping incentives and their associated goals at the
top of participants’ mind in the weeks between clinic
visits. In year 2, the objective is to maintain adherence
improvements and achieve viral suppression. Therefore,
during the maintenance phase, incentive group partici-
pants will be required to remain 90% adherence, with
a larger prize drawing for achieving viral suppression
at the end of the maintenance phase. Most incentive
studies measure behavior change over the short term
(less than 6 months) [6]. By explicitly designing incen-
tives to address the dual goals of improvement (year 1)
and maintenance (year 2), we provide much-needed
evidence on how to sustain adherence over time and
prevent performance backsliding. GOALS will meas-
ure adherence for 6 months after the intervention ends
to assess the impact of the different treatment arms
on behavior change once incentives are withdrawn
(persistence).
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Methods

Study design

The study is a parallel group randomized controlled
trial, designed as a superiority trial with the primary
goal of evaluating whether the GOALS intervention
implemented alongside standard care is superior to the
standard care alone provided at the Mildmay hospital.
Randomization will be performed as block randomiza-
tion with a 1:1:1:1 allocation. We will recruit partici-
pants and monitor their ART adherence using Wisepill
devices to measure pill container openings remotely for
3 months. After this period (henceforth “observation
period”), we will identify clients exhibiting low adher-
ence, the target population for our intervention. All cli-
ents who adhere to less than 90% of their medication in
the month before their baseline visit will be recruited for
the intervention phase, and randomly assigned to one the
GOALS study arms, and those with adherence higher
than 90% will be unenrolled.

We will randomize these participants with low adher-
ence into one of four equal-sized study arms for the first
year of the intervention (“Improvement phase”). In the
three treatment arms, participants will be eligible for a
prize drawing to win small amounts of mobile airtime of
either 500, 5000, or 10,000 Ugandan Shillings (approxi-
mately $0.15, $1.50, and $3, respectively) if they reach the
adherence goal required in the respective treatment arm.
Those randomized to the fourth group will receive usual
care as well as weekly text messages, but no incentives.
The goals will be set as follows for the different study
arms:

(1) Assigned subgoals (T1): in this group, the study
coordinator will choose the ART adherence target
for the participant. This will be done as follows:
given an expected four prize drawings during the
first year of the intervention, the study coordinator
will measure the participant’s baseline adherence
and gradually increase the target every 3 months
by equal amounts, working towards 90% adher-
ence at the end of year 1. For example, for someone
with 50% baseline adherence, the study coordinator
would calculate (90% —50% =40%; 40%/4=10%),
and set the adherence targets at the four study visits
equal to 60% at month 3, 70% at month 6, 80% at
month 9, and 90% at month 12.

(2) Participatory subgoals (T2): the participant will
choose their own adherence target every 3 months,
working towards 90% adherence at the end of year
1. Each target chosen must be higher than the high-
est adherence ever achieved. For example, someone
selected their adherence target in 3 months to be
70%, but they actually achieve 75%. The next target
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they choose must then be 75% or higher. If a given
target was not achieved, the participant can then
choose one that is equal or higher to the one chosen
previously.

(3) Fixed goal (T3): the study participant must reach
a fixed (i.e., non-varying) target adherence level
of 90% at each study visit; this arm corresponds to
how adherence interventions typically are imple-
mented.

(4) Control group (T4): will receive the usual standard
of care offered at Mildmay Uganda.

The three treatment groups will receive weekly
motivational messages and a reminder of their upcom-
ing prize drawing. Weekly SMS messages will help
maintain contact with study participants and enable
them to become accustomed to receiving messages
from the study for potential remote prize drawings
(given the evolving COVID situation and correspond-
ing clinic changes towards visits that are more spaced
out, we expect some prize drawings to be done in per-
son, and others remotely as further detailed below).
In contrast, the control group will only receive the
motivational portion of the text messages (without
the reminders of the possibility of winning prizes) as
an attention control due to the potential beneficial
effects of text messages.
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After the first year of the study, we will evaluate par-
ticipants in the treatment groups to determine those who
achieved high adherence of at least 90% (high adherers)
and those who did not (low adherers).

Figure 1 below shows that in year 2, high adherers will
progress to the “Maintenance phase” between months
12 and 24 where we will assess the intervention’s effec-
tiveness in maintaining at least 90% adherence. They
will have the chance to win prizes every 3 months if
they maintain their adherence at or above 90% through-
out this phase. They will then move to the “Persistence
phase” between months 25 and 36 to assess the treatment
arms’ impact on long-term adherence once incentives are
removed.

Low adherers will be given an additional 6 months in
the “Improvement phase” between months 12 and 18.
During this time, low adherers in the participatory sub-
goals group will have one more opportunity to set their
personal target; they will be encouraged to set a target at
month 15 such that they would achieve 90% by month 18.
Low adherers in the assigned subgoals group will receive
two more pre-chosen targets starting from their adher-
ence at month 12 in equal increments up to 90% (e.g., if
month 12 adherence is 80, their target is 85 for month
15 and 90 for month 18). The maintenance phase for the
low adherers in the assigned goal and participatory goal
groups will begin at month 18 for 12 months.

Adherence (by
Year 1 Assignment month 12) 1-6 6-12 12-18 18-24 24-30

Low

___Assigned Goal High
Low

Participatory Goal High
Low

Fixed Goal High

Contorl Group

Key:

oy |

Study months

30-36

Improvement phase: Participants get the originally assigned intervention to reach 90%

Maintenance phase: Participants must maintain 90%

Persistence phase: Incentives withdrawn, observe adherence

Extension of improvement phase to adding 2 more steps to goal

Group that is determined to be most effective at month 18

Fig. 1 Table showing different phases of the participants in different groups throughout the study
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Low adherers in the fixed goal group will maintain their
target of 90%. At month 18, we will identify the treatment
arm with the highest effectiveness and move low adher-
ence participants in the fixed goal arm to that arm to give
them an opportunity to also benefit from the interven-
tion. These participants will continue in the improvement
phase between months 18 and 30, while assigned sub-
goals and participatory subgoals participants move to the
maintenance phase. Low adherers across in the participa-
tory and assigned goals group will complete their “Persis-
tence phase” of the study in months 30-36.

All participants in the treatment groups will be eligible
for a larger prize drawing at the end of their maintenance
phase if they achieve viral suppression, defined as a viral
load of 200 copies/mL or less.

Follow-up surveys will be conducted every 6 months
for 24 months, and a cost-effectiveness analysis will
also be performed after 36 months to help determine
the intervention design’s potential for sustainability and
scale-up.

Study sites

The study will be conducted at Mildmay Uganda, an NGO
with headquarters in Uganda’s capital, Kampala. Mildmay
Uganda specializes in the provision of comprehensive
HIV and AIDS prevention, care, and treatment services.
Mildmay Uganda provides quality outpatient and inpa-
tient HIV care and trains health care workers through-
out Uganda and the region in the provision of such care.
Mildmay serves over 105,000 patients (15,000 at the main
site in Lweza and over 95,000 at supported health facilities
in 8 districts in Central Region of Uganda). The main-site
facility has a well-trained, experienced team of clinicians
and health workers, and modern laboratory infrastructure
with ability to do virology and other tests. The Mildmay
Uganda laboratory is accredited by the South African
National Accreditation System (SANAS) for International
Organization for Standardization (ISO) 15,189:2012 for
medical laboratories and also acts as a national back up
laboratory for the government of Uganda Central Pub-
lic Health Laboratories. Some of the services provided
include the following: HIV counseling and testing; pedi-
atric and adult HIV prevention, treatment and care ser-
vices; sexual and reproductive health services; diagnostic
(laboratory) services and radiology; rehabilitative services
(nutrition, physiotherapy, occupational therapy); safe male
circumcision (SMC); ophthalmic; and dental care. Of the
15,000 patients served at the main site in Lweza, 11% are
children below 18 years, 65% are female, and 100% of all
clients in care are on ART. Mildmay is one of a growing
number of facilities with a well-established electronic
medical records system in Uganda.
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Sampling and participants

We expect to enroll 1256 individuals for the observa-
tion phase of the study that serves to measure baseline
adherence. Monitoring baseline adherence will ensure
that individuals being randomized to the interven-
tions are indeed those in need of adherence support,
i.e., have relatively low baseline mean adherence of less
than 90%.

We arrived at this starting sample size in the follow-
ing way. For the primary outcome of adherence, a sam-
ple size of 140 participants in each arm (n =560 total)
will be able to detect an 8 percentage point (pp) differ-
ence in mean adherence between each treatment arm
and control, and compared to each other. The corre-
sponding difference at month 24 is 9 pp. This assumes
mean control group adherence of 62%. In order to reach
this required sample size at year 3, we assume 6% attri-
tion per year over 2 years of the study (1.06"2=1.1236)
which results in a sample size for the beginning of
GOALS recruitment to be 629 (560 x 1.1236). To ensure
an even number across the four study arms, we reduce
this target from 629 to 628. We then assume that 50% of
those who complete the adherence observation phase
are eligible for the GOALS intervention. We therefore
need a starting sample size of 1256 ((628/50) x 100). All
assumptions surrounding attrition rates and rates of
adherence are based on data from PI Linnemayr’s pre-
vious study at the same site.

Inclusion criteria

For a participant to be eligible for the 3-month obser-
vation period preceding the GOALS intervention, they
must meet the following requirements:

+ Aged 15-30 inclusive

+ Receiving ART medication from Mildmay for more
than 3 months

+ Has regular access to a mobile phone (less than 5
out of 7 days)

In order for participants to be eligible for the GOALS
intervention after the observation period, the partici-
pant must meet the following additional requirement:

+ Have a mean adherence below 90% in the last
month of the observation period

Exclusion criteria

Exclusion criteria for the 3-month observation period
preceding the GOALS intervention and for the GOALS
intervention:
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+ Is not willing or able to use the Wisepill device
when taking ART medication

+ Has mental health problems that require immediate
treatment (e.g., psychotic symptoms), a diagnosed
mental disorder that would limit the ability to partici-
pate (e.g., dementia), or cognitive impairments that
result in a limited ability to provide informed con-
sent.

+ No longer has access to a phone (less than 5 out of
7 days), if phone access changed over the course of
the 3-month observation period

« DParticipating in another study

+ Unable to read

Randomization

Random treatment assignment will occur after partici-
pants are recruited, and before they complete a baseline
survey using a 1:1:1:1 ratio. Randomization will be done
using sequential assignment while stratifying by base-
line adherence measured during the observation period
(0-54%, 55—-71%, 72—82%, 83—89%). Stratification will be
performed to increase power and achieve better balance
than in a simple random draw. A randomization sched-
ule will be established ex ante and sequential participants
within a stratum randomized accordingly. The randomi-
zation schedule will contain blocks of four possible ran-
domizations to the three treatment arms or the control
group, with the order of the four possibilities randomized
each time a new block begins. We will use the ralloc
function in Stata 17 to generate the randomization lists,
which will be uploaded to SurveyCTO and programmed
to randomize participants on the spot.

The observation phase lasts approximately 3 months,
after which adherence-based eligibility is determined,
and all recruited participants will complete a baseline
survey. They will be informed of their assignment to
either one of the three intervention arms or the control
group after completing the baseline survey. Participants
who provide informed consent will be asked to partici-
pate in the baseline survey before the treatment assign-
ment is revealed to make sure group assignment does not
influence the answers given.

Participants cannot be blinded to their treatment status
and neither can interviewers. The data analyst who will
conduct the impact analysis will be blinded to treatment
assignment.

As the only blinded party is the analyst, and the blind-
ing occurs to avoid any bias of the analyst to find a sta-
tistically significant effect for the intervention group(s),
we cannot think of a justified reason for unblinding the
analyst.
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Design
The study will use three intervention arms and a con-
trol arm. The intervention arms will all provide mobile
airtime as incentives, but the incentives will be based
on different eligibility criteria in the different arms.
We will collect ART adherence data continuously for
3 months prior to the intervention, for 24 months after
the intervention begins, and for 12 months after the
intervention ends for all participants using Wisepill
devices. We will acquire routine viral load measures
for all participants throughout the study, which will
be performed roughly every 12 months as per clinic
and Uganda Ministry of Health guidelines. We will
also conduct a baseline survey, and then surveys every
6 months for 24 months for all participants. See Fig. 2:
SPIRIT figure for a detailed description of the timing of
study activities.

This study protocol uses the SPIRIT reporting guide-
lines [37].

Procedures

Intervention components

All participants in the treatment arms will be eligible for
a quarterly prize drawing if they meet the goal that corre-
sponds to their treatment assignment, and for an annual
prize drawing if they show 90% adherence by the time
they reach month 12 (as measured by reaching 90% in the
last 3 months of month 12).

Quarterly prize drawings

Participants in the three treatment arms will be eligible to
enter an in-person or remote prize drawing for a mobile
airtime reward every 3 months if they meet their target
adherence. In-person prize drawings will be done if the
date of the drawing coincides with the participants’ regu-
larly scheduled clinic visits; otherwise, they will be done
remotely. Wisepill records adherence remotely, so the
study team can monitor adherence without an in-person
visit. Remote prize drawings will be conducted automati-
cally by the computer, and the results and airtime reward
texted to the participant over the phone.

Assigned subgoal eligibility

Participants in the assigned subgoals arm will be eli-
gible for the quarterly prize drawing if they reach their
assigned subgoal in the respective quarter. The goal will
be assigned based on observed baseline adherence, which
will be deducted from 90%, and divided by four to get at
4 equal, relatively small, increasing steps. For example,
someone with 50% baseline adherence would be asked to
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SPIRIT Figure

STUDY MONTH

Enrolment All
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TIMEPOINT -3* 0 3
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Informed consent X

Wisepill Device Given X
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INTERVENTIONS: YEAR
1:

Assigned Subgoals X

Participatory X

v

Fixed Goal X

INTERVENTIONS: YEAR
2

Assigned subgoals

Participatory Subgoals

A
|
|
|
v

Fixed Goal

t
|
|
|
!

Preferred arm at 18 months

LOTTERIES FOR
TREATMENT ARMS:

Quarterly Prize Drawing X X

Annual Prize Drawing

ASSESSMENTS:

Participant Survey X

Viral Load Measure X

Wisepill Measured
Adherence

Fig. 2 SPIRIT figure

reach 60% at month 3, 70% at month 6, 80% at month 9,
and 90% at the end of the first intervention year.

Participatory subgoal eligibility

Participants in the participatory subgoals arm will be eli-
gible for the quarterly prize drawing if they reach the goal
they choose for themselves in the respective quarter. The
only restrictions are that each goal has to be equal to or
higher than the previous one, and that at month 12 90%
adherence is reached.

Fixed goal eligibility
Participants in the fixed goal arm will be eligible for the
quarterly prize drawing if they reach 90% adherence in
the respective quarter.

Patients scheduled for the in-person prize drawing
will also be required to complete a prize drawing survey

after they participate in a prize drawing. This survey will
measure how feedback given on the achieved versus
planned ART adherence influences motivation for future
performance and perceived attainability of the next goal.
Target, distance, and valence influence attitudes and
motivation towards future goals.

Annual prize drawings

Participants in all three treatment arms will be eligible to
enter a larger prize drawing at the end of year 1 if they
reach 90% adherence over the course of 12 months.

Wisepill procedures

All participants will be given a Wisepill device upon
recruitment into the observation period of the study. At
the time they receive the device, they will be instructed
in how to refill the pill box. The team will only monitor
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adherence to one antiretroviral as studies show that rates
of adherence do not differ significantly across a patient’s
medications.

Participants will be asked to use the Wisepill device
continuously throughout the study and to notify the
study coordinator if their provider changes their regimen
during the study (which may be a real possibility, in par-
ticular for the youths on prophylaxis). They will be asked
to remove only one dose at the time of ingestion and
will also be informed that the data recorded will not be
shared with clinicians. The team will carefully discuss the
restrictions associated with the device with the patient
and solutions to potential concerns that are acceptable
to both the patient and the project will be generated. We
will review the instructions and restrictions with the par-
ticipant at each successive clinic visit.

The 3-month period will also allow individuals to
incorporate the device into their daily life and to test and
troubleshoot its use prior to beginning the intervention.
During this time, we will monitor their adherence. Partic-
ipants who are unable to use the device consistently will
be excluded from the study after careful discussion of the
reason for the low observed adherence with the patient
(to avoid excluding participants with truly low adherence
that is not related to an inability or unwillingness to use
the Wisepill device). We will also exclude participants
who have adherence above 90% during this period to tar-
get the intervention at those with low Wisepill-measured
adherence (as those over 90% adherence have little room
and/or need for improvement).

Intervention modifications

Participants will be discontinued from the study if they
experience serious adverse events related to the inter-
vention. Participants will also be discontinued from the
study at their own request, if they are not in a position
to adhere to study protocols which include the use of
Wisepill devices to monitor their medication intake.

Strategies to improve adherence to intervention protocols
Intervention implementation will be closely monitored
via inspecting routine data collected through surveyCTO,
conducting regular data quality checks, and providing the
study team up to date data to facilitate implementation.
Progress trackers are based on incoming data, which
tracks the number of people who have begun each phase
of the intervention, those randomized to each group, and
those who completed each study activity. Study coor-
dinators are provided a study activity tracker, which
updates weekly, to inform them of upcoming in-person
prize drawings that coincide with clinic visits. Remote
prize drawings are conducted via the Telerivet SMS plat-
form. For both prize drawing messages and weekly SMS

Page 8 of 14

messages, the study team tracks message sending success
rate on a weekly basis and resends messages that were
not successful the first time. Weekly team calls are also
conducted across study coordinators and PIs to debrief
progress and challenges. Site investigator MO monitors
implementation fidelity regularly; in addition, PIs Huang
and Linnemayr visit several times a year to observe study
activities and troubleshoot issues.

Study timeline
The SPIRIT figure above shows the study timeline.

Recruitment

During recruitment for the observation phase, the client
will be given a Wisepill device. During this recruitment
visit, the study coordinator will consent the participant
and explain the reason for and conditions of using the
Wisepill device. Participants will be compensated 10,000
USh for their time.

As dates of the next appointment are readily available
from the electronic medical records system, the clinic
system will allow us to print out weekly lists of eligible
clients together with the date they are expected at the
clinic, and the date they are scheduled for their next viral
load test.

We will consent and enroll 4-6 clients per day (some
clients may refuse participation, though this has been
rare in our previous studies) during the 9- to 12-month
recruitment period. Based on the large clinic population
and our previous experience, we expect to easily recruit
the 1256 clients within a 12-month period but allow for
sufficient extra time to accommodate any delays due to
public holidays and other reasons for clinic closures or
other delays.

Baseline survey and randomization
When the client returns for their next scheduled clinic
visit after the observation period (after about 3 months)
and is eligible based on their observed adherence, we will
conduct the baseline survey, reveal treatment assignment
to either the control or one of the three intervention
groups, and begin the intervention. In scheduling these
return visits, we will aim to schedule them to coincide
with a scheduled clinic visit so that participants do not
have to come to the clinic for the sole purpose of study
activities. However, participants with next scheduled vis-
its longer than 3 months will be messaged or called to
come back at the 3-month mark.

The baseline survey contains the following information:

» Demographics and socioeconomic status, including
age, gender, education, relationship status, employ-
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ment type and status, income, housing, economic
shocks, and household composition;

« HIV status and clinic visits, e.g., respondents will
be asked whether they have disclosed their status to
members they live with and the number of those who
have HIV/AIDS, their primary caregiver, the person
that ensures they take their ART medication, and
their clinic visit habits and expenses;

+ Adherence self-efficacy, i.e., reasons for non-adher-
ence or failure to seek care (we will use an 11-item
modification developed by the ACTG, that asks par-
ticipants to indicate whether listed items were rea-
sons for their not taking medication in the previous
month or seeking care, such as “when the drugs make
you feel bad,” or “when your daily routine is inter-
rupted,” or “lacked resources).

« DParticipants’ subjective experiences related to tak-
ing medications [38] using the Intrinsic Motivation
Inventory. The survey will also collect information
related to behavioral economics biases such as pre-
sent bias or risk preferences.

Follow-up surveys

Follow-up surveys will be conducted at month 6, 12, 18,
and 24 post baseline. These assessments will allow us to
collect several data points for each participant on media-
tors or moderators that we believe may be influenced by
the intervention (e.g., cognitive and motivational factors).
Participants will be compensated 30,000 UGX for their
time every time they complete a survey questionnaire.

Retention

To promote participant retention and complete follow-
up, the study has aligned its activities with the partici-
pants’ clinic visit dates. By doing this, the study aims to
ensure that participants are not only coming to the clinic
for study-related activities but also for their routine clini-
cal visits. This approach is expected to reduce the burden
on participants, minimize missed appointments, and
increase compliance with the study protocol. Participants
who discontinue the study will return their Wisepill
devices and we will not be collecting outcomes data.

Outcomes

Primary outcome

Outcome 1: Mean adherence to ART (Time Frame:
adherence over a 12-month period continuously tracked
remotely): Wisepill devices monitor the date and time
of all device openings to retrieve ART medication,
allowing ART adherence to be tracked continuously
on the Wisepill server. Mean adherence will be coded
as the number of ART doses taken / number of doses
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prescribed, with adherence being capped at 100% each
day to avoid multiple openings on a given day artificially
inflating mean adherence.

Outcome 2: The fraction of clients with adherence
of 90% or more (Time Frame: continuously tracked
remotely).

Outcome 3: Probability of reaching adherence target
(Time Frame: tracked every 3 months corresponding to
routine prize drawing opportunities). Probability that
participants in the treatment groups reach their assigned
target (T1), self-selected target (T2), or high fixed target
of 90% (T3).

Secondary outcomes

Outcome 1: Fraction of clients with treatment inter-
ruptions of more than 48 h (Time Frame: Continuously
tracked remotely).

Outcome 2: Suppressed viral load (viral load <200 cop-
ies/ML) among participants (Time Frame: At baseline
and month 24): Viral load will be chart abstracted from
clinic data. They are typically done once a year as part of
routine clinical care.

Outcome 3: Retention in Care, chart abstracted
from clinic data. First, we will use the binary definition
of retention from the Health Resources and Services
Administration HIV/AIDS Bureau as at least 2 clinic vis-
its separated by 90 days in the previous 12 months. Sec-
ond, we will use the more detailed measure outlined by
Lee et al. [12] to create a variable that categorizes clients
as having different levels of retention in care that pro-
vides more granular information about retention. We will
define a client as fully retained in care if they attended all
scheduled appointments over the previous 12 months
(usually 4 or 5 total appointments). We will then create
three different levels of care disengagement: missed one
appointment but not more than 6 months without a visit,
missed 2 appointments or 6—9 months without a visit,
and missed 3 or more appointments or 9-12 months
without a visit.

Sample size and power

We have calculated the size of effects that our sample
will be able to detect with 80% power (2-tailed test) with
regard to outcomes at months 12 and 24, and assuming
10% attrition every year (we observed 8% attrition for
our pilot study, so this is a conservative estimate). For the
primary outcome of adherence, a sample size of 140 par-
ticipants in each arm (n=>560 total) will be able to detect
an 8-percentage point (pp) difference in mean adherence
between each treatment arm and control, and compared
to each other. The corresponding difference at month 24
is 9 pp. This assumes mean control group adherence of
62%, based on our pilot data. For the secondary outcome
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of viral suppression, we use a conservative estimate of
about 70% of clients in the control group showing sup-
pression based on discussions with the Mildmay team.
Our sample size of 140 participants in each of the three
arms will be able to detect about a 10 pp difference at
month 12, and 11 pp at month 24. These represent con-
servative estimates of minimum detectable effect size
that do not account for stratified randomization that we
will perform to increase power, and to achieve better bal-
ance compared to a simple random draw [39].

Data analysis
Our primary analyses will be intention-to-treat analyses,
with secondary analyses involving study completers only.

Estimating impact on primary outcomes

To estimate the impact of our interventions on primary
outcomes, we will use an ordinary least squares Linear
Probability Model. In the context of experimental evalu-
ations, linear probability models provide unbiased esti-
mates of program impact and correctly estimate standard
errors (Gomila, 2020; Deke, 2014) [40, 41]. We will esti-
mate an unadjusted model and a model that includes the
following prespecified covariates to adjust for baseline
characteristics and improve precision: age, education,
sex, strata fixed effects, baseline WHO disease stage,
baseline viral suppression, duration on ART, socioeco-
nomic status as measured by the Poverty Probability
Index for Uganda, and HIV disclosure status.

Mean adherence to ART and the fraction of clients
with adherence of 90% or more will be analyzed with the
following adjusted and unadjusted models:

Unadjusted:

Yie = By + Prassigned,, + Pypartic;, + fafixed;, + Egi +e (1)
Adjusted:
Vi = Py + Prassigned;, + P,partic;, + Psfixed;, +E§i +X,a+¢ (2)

yir will be analyzed in two ways: as a continuous vari-
able denoting mean adherence as the share of the pre-
scribed bottle openings that were opened by individual
i on week t, and as a binary variable=1 if the mean
adherence exceeds 90% and =0 if it is below 90%. In this
model, the B represents the impact of assigned subgoals
on the share of pills taken in a given week, 8 represents
the impact of participatory subgoals on the share of pills
taken in a given week and 3 represents the impact _o)f
fixed goals on the share of pills taken in a given week. S ;
represents strata fixed effects. Equation 3 includes the
term Xj;, which represents the same covariates that are
predictive of adherence.
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The “Maintenance” and “Persistence” phases of the
study will be analyzed for the number of months the
participant spends in each phase. For the improvement
phase, we will focus only on the month preceding month
12, as for that phase each participant in the participa-
tory and assigned subgoals groups will display a different
subgoaling path, and the only goal they share is to reach
90% adherence by month 12 (and eligibility for the prize
drawing is measured for the 30 days preceding the month
12 visit).

Subgroup analysis
We will also do some exploratory subgroup analyses
based on the following characteristics:

+ High vs. low baseline adherence

+ High vs. low baseline intrinsic motivation to take
treatment

+ High vs. low baseline self-efficacy

+ High vs. low frequency in usage of sending and
receiving messages through their mobile phone

Standard errors
We will estimate Huber-White robust standard errors in
all analyses. All standard errors will be clustered at the
individual level.

Adjusting for multiple hypotheses

P-values will be adjusted for multiple hypothesis testing
for all secondary outcomes by applying a false discovery
rate adjustment (FDR) following Benjamini et al. (2006)
[42]. In particular, we will use the sharpened g-values dis-
cussed in Anderson (2008) [43]. This correction will con-
trol for the expected proportion of type 1 errors.

Data management

Existing clinic identifiers will be used as unique study
identification numbers during data collection. Consent
forms will bear the name and signatures of study par-
ticipants, but all other information (such as viral load
tests and Wisepill measurements) will be collected
using these unique clinic identifiers. The study team
in Uganda (one team leader, two lead interviews, and
three supporting team members) will be in charge of
collecting all of the data and carrying out the in-per-
son intervention. All survey data will be collected with
computer-assisted software (SurveyCTO) using a tab-
let. The survey data will be uploaded to the password-
protected study computer at the end of each day (at
which point they are then automatically deleted from
the device) and saved in an encrypted folder on that
computer.
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All datasets and files with identifiers will always
remain encrypted through a zipped folder or by using
BoxCryptor within DropBox, an online data portal that
can only be accessed using a secure password. Adher-
ence to HIV antiretrovirals will be monitored using
a Wisepill device. Data from these devices will be
uploaded remotely to an encrypted server using a sim
card embedded in the Wisepill device in real time. Par-
ticipant adherence data will then be downloaded and
stored securely via BoxCryptor and will only be iden-
tified via an alpha-numeric clinic ID. SMS messaging
data will be downloaded from the messaging platform,
Telerivet. Text messaging data will not include sensi-
tive or private information, such as the participant’s
name or current HIV status at any point. Downloaded
datasets will include text messages sent and received,
time, and date of messages. For any data exports con-
taining participant’s phone number, we will ensure this
always remains in an encrypted folder using BoxCryp-
tor within DropBox.

Paper copies of consent forms will be stored and locked
at the Mildmay RAND office in Kampala, and access will
only be granted to key personnel and the study PIs. Any
published material will not contain participants’ iden-
tifying information. There is no formal data monitoring
committee since the trial was deemed minimal risk, but
data monitoring will occur through weekly checks by
the study team in the USA, and an independent study
monitor.

Handling missing data and attrition

Missing data have been a minor issue in our previous
studies with the same study population and outcomes.
Attrition has been well under 10% per year. How-
ever, when subjects drop out, we will fit multiple logis-
tic regression models to assess whether this dropout
is random. If it is not, we will construct “nonresponse”
weights using logistic regression that correct for drop-
out by assigning weights to continuing subjects that are
inversely proportional to the predicted probability of
the subjects’ continuing to the time period in question.
Analyses will incorporate design effects from this weight-
ing in the calculation of standard errors and tests of sig-
nificance. In addition, we will present sensitivity tests
regarding changes in outcomes when excluding those
with missing observations to give a fully transparent pic-
ture of the data.

Oversight and monitoring

Data monitoring formal committee

The study is a clinical trial with a low risk of harm.
Therefore, we appointed a single independent clinical
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psychologist who is an expert in treating depression
in people with HIV as the monitor instead of using a
Data Monitoring Committee (DMC). The monitor will
receive reports every 6 months on subject enrollment,
retention, adverse events, and reasons for dropouts
and will review the reports and make recommenda-
tions regarding the study’s continuation, modification,
or termination. All the communication from the inde-
pendent monitor will be shared with the institutional
review boards and NIH. The monitor is independent of
the sponsor and has no competing interests.

Interim analysis

As described in the “Study design” section, interim
analysis will be conducted at month 12 to classify par-
ticipants into those who have reached 90% and those
who have not. At 18 months, we will analyze impact
results across study participants to determine the treat-
ment arm with the highest effectiveness; participants in
the fixed arm who have not reached 90% adherence will
then be moved to this arm.

Adverse event reporting and harms

While we are doing everything to avoid that a study par-
ticipant is at increased risk because of any study-related
activity, we will be very careful in tracking any potential
negative events experienced by all study participants.
Adverse events relating to ancillary and post-trial care
may encompass both physical and psychological harms.
The study coordinator will be experienced and trained
to recognize risks or crises that require referrals. Team
members have established procedures and guidelines
to respond to risk disclosures and crisis situations
among participants. If there are indications during the
study visits that a participant poses a risk of suicide or
to harm him/herself, the interviewer will stop the ses-
sion and explain to the participant that they would like
an on-site Mildmay mental health counselor to speak
with the participant about the situation. The counselor
would then assess the risk for potential harm and the
appropriate action in terms of evaluating the client’s
need for mental health services and notifying appropri-
ate authorities. This assessment would be done as soon
as possible and before the client leaves the premises to
the extent possible. A serious adverse event report will
be filed, if necessary. This will all be done immediately
if possible and certainly within 24 h.

Anything that looks like it could be an adverse event
will be brought to the attention of the local and study PI
as each case needs to be investigated. Any unexpected,
serious adverse events that occur during the course of
this investigation and follow-up period will be reported
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by telephone by one of the PIs, Dr. Linnemayr or Dr.
Huang, within the next business day to the study IRBs
and the independent study monitor. The telephone
report will be followed within 3 business days by a writ-
ten report, which will contain the following: subject’s
ID#, the title and date of serious adverse event, and
narrative explanation (e.g., how the research staff was
notified of the event, dates of consent, study screening
for inclusion/exclusion, whether the participant par-
ticipated in the intervention or was in the control con-
dition, dates and circumstances of the hospitalization/
death, and participant status at last clinical or research
contact). In consultation with the IRBs, the PI will
address whether there is a need to redesign or amend
the protocol, and/or to inform current and future sub-
jects of a change in description of risk (e.g., in consent
form and protocol).

Except for adverse events, we do not expect any rea-
sons for discontinuing the intervention. As per our IRB
protocol, participants are free to discontinue the study
at their own discretion. Due to the low-risk nature of the
intervention, there will be no interim analyses, or stop-
ping rules.

Auditing

The Mildmay Uganda Research Ethics Committee and
the Uganda National Council for Science and Technol-
ogy will conduct an independent audit of the study once
every year. The procedures for audit will include a site
visit, document reviews, participant record reviews, and
interviews with study coordinators. The auditors will also
review compliance with regulatory requirements and
ethical principles, as well as the accuracy and complete-
ness of data collection and reporting.

Dissemination of results
Study findings will be disseminated to researchers and
clinicians via peer-reviewed publications and sharing of
findings at conference presentations. Authorship of pub-
lished papers will follow established guidelines for defin-
ing the level of contributions that warrant authorship.
These findings will also be relevant to local Ugandan and
global communities with an interest in understanding
underlying behavioral mechanisms that affect HIV treat-
ment adherence. We will share these findings with senior
level officials at the Ministry of Health and at Mildmay
Uganda, so they can formulate appropriate policy in line
with the national recommendations on annual viral load
screenings for HIV-positive patients.

The full protocol will be made publicly available. Partic-
ipant-level dataset and statistical code will also be made
available upon publication of the impact results.
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Discussion

Potential impact and significance of the study

Treatment adherence is critical to the success of ART and
is largely determined by behavior. Studies using incen-
tives have shown great promise to improve ART adher-
ence, but there is little evidence on how to best structure
these incentives, and in particular how to set the eli-
gibility criteria to qualify for rewards, with the typical
approach being to set a relatively high, same adherence
goal for all participants. In this study, we test three dif-
ferent ways of structuring incentives for short-term
improvement, as well as medium-term maintenance
and persistence that allow for more incremental steps
to reach 90% adherence after 1 year to avoid potential
demotivation for those with low adherence (and hence a
large step to reach 90% adherence) that we observed in
previous studies.

We target these novel behavioral interventions to
improve ART adherence to treatment-mature clients, i.e.,
the increasing number of people who have been on ART
for a number of years who battle flagging motivation to
consistently adhere to their medication. This study will
be one of the first we are aware of that tests an interven-
tion designed to increase the motivation of treatment-
mature clients through the chance to participate in prize
drawings based on observed adherence. The findings of
this study will provide unique insight into the underlying
behavioral mechanisms that affect HIV treatment adher-
ence, which can be exploited to improve adherence in a
variety of settings.

If found successful, the interventions in this study
are readily scalable, while the Wisepill devices used to
measure adherence are relatively expensive, they can
be re-used for multiple patients, and their price can be
expected to come down over time. Furthermore, there
are alternative ways of ascertaining adherence (such
as through asking the participant to send a picture of
their medication at the time of swallowing) that can be
implemented at very low cost. Irrespective of the mode
of implementation, our study tests out different concep-
tualizations of implementing incentives, with immediate
relevance for a range of other conditions (i.e., most con-
ditions requiring consistent medication adherence) and
other health behaviors (such as weight loss, where rela-
tively frequent, incremental steps may be more motivat-
ing than a relatively large weight loss required at a point
far in the future).

Limitations

This study has several limitations. First, the study will
only include 640 patients in one clinic in Uganda.
Although our sample size is well powered to detect clini-
cally important effects, it is not clear that our results will
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extrapolate to other areas of Uganda or other countries.
Second, although adherence is measured using Wisepill
devices, which is currently one of the most accurate ways
to measure adherence, we may not be able to exclude the
possibility that some participants consciously manipu-
late the pill bottle openings to increase their chances of
receiving the incentives. Third, while we conceptually test
out different ways of structuring incentives, there is little
guidance on the “right” size of incremental steps to effec-
tively lead participants to clinically meaningful adher-
ence levels, and further research is required to determine
their most effective magnitude.

Trial status

The trial registration number is NCT05378607. Regis-
tered May 18 2022, https://clinicaltrials.gov/ct2/show/
NCT05378607. The study start date was April 25, 2022.
The protocol reported here is dated May 5, 2023. Patient
recruitment is currently under way. The primary com-
pletion date is 8/ 31/ 2026 and study completion date is
11/31/2026.
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