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Abstract

Incentives are used to improve many health-related behaviors, but evidence is mixed for their
effectiveness both during the incentivization period and, even more so, on the persistence of the
behavior after incentives are withdrawn. In this paper, we present the results of a randomized
controlled trial that successfully uses incentives to improve medication adherence among HIV-
infected patients in Uganda over 20 months, and follows the sample for another 6 months to
measure the persistence of these behavioral improvements. Our study contributes to the literature
on habit formation by identifying a behavioral strategy that is associated with persistently high
medication adherence after controlling for observable individual-level characteristics and the
receipt of incentives. We find evidence supporting a psychological theory of habits as reflexive
context-behavior associations, which suggests new ways of designing incentive-based
interventions for better promoting persistent, healthier behaviors.
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. Introduction

One fourth of all deaths in the United States are attributable to conditions that could be
prevented with healthier habits (Garcia 2016; CDC 2016). Unfortunately, existing
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interventions have been largely unsuccessful at fostering these lifelong behavioral
improvements. Incentives are frequently employed to stimulate healthier habits (e.g. Acland
and Levy 2015; Loewenstein, Price, and Volpp 2016; Carrera et al. 2018), but even when
they are found to initiate healthier behaviors, the behavioral changes rarely persist after
incentives are withdrawn and therefore, questions remain about the necessary conditions for
habit formation (Wood and Neal 2016). In this study, we identify a behavioral strategy that is
associated with persistently high antiretroviral (ARV) medication adherence after controlling
for observable individual-level characteristics and the receipt of incentives. Our evidence
supports the conceptualization of habits as contextually cued behaviors, and challenges
theories of habit formation in the economics and psychology literatures. We present
empirical evidence that context matters for developing persistent habits, and incentivizing
the performance of a healthier behavior in response to a consistent contextual cue is a
promising approach for promoting healthier habits.

This study focuses on promoting consistently high medication adherence, which is necessary
for reducing the burden of chronic diseases on health and economic outcomes across the
world (Polonsky and Henry 2016; Linnemayr 2017; Abegaz et al. 2017; Dunn et al. 2018).
Medication nonadherence among people living with the Human Immunodeficiency Virus
(HIV) is particularly harmful because high rates of adherence to ARV medications reduces
the likelihood of HIV viral transmission, and thus represents an important step in ending the
global HIV epidemic (Abrams and Strasser 2015; Harries et al. 2016). In Uganda, an
increase in the availability of free ARV medications has reduced many of the common
structural barriers to ARV adherence, but achieving and maintaining high rates of adherence
is still hindered by cognitive barriers commonly observed among all populations, such as
present-biased time preferences and declining intrinsic motivation (Linnemayr and Stecher
2015; Czaicki et al. 2018; Dilorio et al. 2008). Interventions addressing these psychological
barriers are greatly needed to improve medication adherence and reduce the associated
healthcare costs for a wide range of chronic health conditions that similarly require
consistently high treatment adherence (Cutler et al. 2018).

Incentives have been suggested as a method for combating several of the common cognitive
barriers to performing healthier behaviors, but there is mixed evidence for their effectiveness
(Rosen et al. 2007; Sorensen et al. 2007; Simoni et al. 2008; Vrijens et al. 2008; Asch et al.
2015; Thirumurthy et al. 2019). In response to this conflicting evidence, recent studies have
focused on ways to optimize intervention design parameters for a specific behavioral setting
(Thirumurthy, Asch, and Volpp 2019). However, even when incentives are successfully
designed for a targeted health behavior and lead to behavioral improvements, few studies
have found that incentives lead to persistent, healthier behaviors after incentives are
withdrawn (Acland and Levy 2015; Royer, Stehr, and Sydnor 2015; Rohde and Verbeke
2017; Carrera et al. 2018). The prevailing economic theory of habit formation, which began
with Pollak (1970) and Ryder and Heal’s (1973) habit stock model, cannot explain the lack

lRyder and Heal (1973) define intertemporally dependent preferences, also known as state-dependent preferences, as t(cy, z;); where
ctrepresents current consumption and z¢is a weighted average of past consumption with exponentially declining weights, e.g.

z(t) = pe_ptfiooe/”c(f)df, and importantly, oul dc;dz; > 0. That is, an increase in past consumption increases the marginal

utility of current consumption.
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of behavioral persistence after incentives are withdrawn (Mantzari et al. 2015), which
suggests that alternative behavioral mechanisms may underly many habitual behaviors.

The psychology literature offers two alternative behavioral theories to explain the lack of
behavioral persistence from the use of incentives. First, Self-Determination Theory posits
that extrinsic rewards such as incentives will reduce, or “crowd-out,” intrinsic motivation
(Deci, Koestner, and Ryan 1999; Deci and Ryan 2000; Ryan and Deci 2000). This
detrimental effect on motivation may explain the lack of behavioral persistence observed in
incentive-based interventions since psychologists have also proposed that behavior change
will lead to habit formation only when people are sufficiently motivated and prepared to
make a change (Ajzen 1985). A separate psychological theory defines habits as “context-
behavior associations” (Wood and Runger 2016; Wood 2017). According to this theory,
“habits are automatic behavioral responses to contextual cues ... developed through
repetition of behavior in consistent contexts” (Wood and Neal 2007; Lally and Gardner
2013; Verplanken, Verplanken, and Ryan 2018). Since extant research has yet to design
incentives that also reinforce contextual consistency for a targeted behavior, this theory
offers a second explanation for why incentives have not successfully created persistent,
healthier habits and suggests ways of designing more effective incentive-based interventions.

This paper examines both the immediate and persistent effects of using incentives to
improve ARV medication adherence among HIV-infected patients in Uganda, and provides
preliminary evidence in support of contextual cue-based intervention methods for
successfully creating persistent medication adherence habits. By observing ARV medication
adherence behavior during both the 20-month incentives-based intervention and 6-month
post-incentivization period, a longer period than many incentive-based studies,? we were
able to study the impact of incentives on habit formation more thoroughly than much of the
existing behavior change research. In addition, we collected measures of participants’
present-biasedness and intrinsic motivation during the intervention which allowed us to
compare the explanatory power of the behavioral economic model of intertemporal choice
and alternative psychological theories of habit formation on participants’ observed behavior
during and after the intervention. We additionally constructed a novel measure of temporally
consistent daily pill-taking based on the observed timing of participants’ daily pill-taking,
calculated as the fraction of pills taken close to each participants’ typical pill-taking time.
We then combined this measure with survey data to identify participants who successfully
used a contextual cue for their ARV adherence, and examined the association between using
time-based pill-taking cues and participants’ post-incentives ARV adherence as well as the
interaction between using time-based cues and the treatment effects over the 20-month
intervention.

Our intervention was implemented among a sample of 155 adult clients of the Mildmay HIV
Clinic in Kampala, Uganda who were randomly assigned to either receive incentives
conditional on observable medication adherence behaviors, or to a control group.

2Among the studies that evaluate habits cited in this paper, the post-intervention period of observation used to measure behavioral
persistence ranges from 4 weeks (e.g. Sen et al. 2014) to 6 months (e.g. Volpp et al. 2009; Thirumurthy et al. 2019), with the mean/
median number of weeks equal to 15/16 weeks. This includes over 40 studies that employ incentives-based interventions to promote
healthier habits, including a recent review and meta-analysis of the literature (Mantzari et al. 2015).
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Importantly, incentive for medication adherence were not conditioned on the daily timing of
pill-taking but were received for successfully taking the prescribed daily ARV medications
at any point between 12 am and 11:59pm. Small in-kind incentives were awarded through a
lottery mechanism at each clinic visit, which were pre-scheduled at 3-month intervals for a
20-month period, resulting in roughly 7 potential prize drawings per participant during the
intervention. This lottery format and the nonmonetary, in-kind prizes were informed by
extensive formative research among the client population, and all participants (including the
control group) were also provided the usual standard of care at the Mildmay clinic which
includes medication adherence support and free ARV medications.

Our study reveals that carefully selected incentive parameters can produce significant
improvements to short-term medication adherence but that persistent, long-term behavioral
changes are likely to occur only for the participants with a contextually-cued daily
medication routine, which supports the theory of context-dependent behavioral associations
as an underlying mechanism of habit formation in this setting. Specifically, the results show
that directly incentivizing ARV adherence increased mean adherence by 5.4 percentage
points relative to the control group over the 20-month incentivization period. This increase
manifested as soon as incentives were offered and there was no statistically significant
relationship between present-biased time preferences and adherence during or after
incentivization, which cannot be explained by the standard economic theories of habit
formation and intertemporal choice. Counter to Self-Determination Theory, we also found
that intrinsic motivation increased during the incentivization period, which we explore
further in the discussion section. Importantly, intervention effects persisted after incentives
were withdrawn only for the participants who used time-based contextual cues for their daily
ARV medication pill-taking. Mean adherence declined among all participants by 3.4 p.p.
during the 6 months after incentives were withdrawn except among the participants that
successfully used time-based adherence cues, such as taking ARV medications after a
television show or morning prayers, and this difference remained even after conditioning on
observable participant-level characteristics and study group assignment. Finally,
heterogenous treatment effect analyses revealed that using time-based cues was associated
with 19.5 p.p. higher ARV adherence throughout the 20-month intervention and that our
incentives were primarily effective at improving adherence among those who did not use
time-based cues, but it is unknown what caused participants, all of whom had documented or
self-reported adherence problems, to adopt this behavioral strategy during the intervention.
The success of time-based pill-taking routines supports the role of contextual cues for
maintaining habitual behaviors, and suggests that future interventions should explore
incentivizing the use of contextual cues for establishing persistent, healthier habits.

Our research offers four contributions to the behavior change literature. First, the results
show that carefully designed intervention parameters can produce short-term improvements
in medication adherence behavior and suggest how incentives may be successfully tailored
to improve other health behaviors. Second, we are able to examine whether short-term
improvements in medication adherence behavior become persistent behavioral habits by
measuring medication adherence during the 6-months after incentive are withdrawn. This
stands in stark contrast to existing studies that either do not observe behaviors after
incentives are withdrawn or do not find significant predictors of behavioral persistence.
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Third, we collected measures of participants’ time preferences and intrinsic motivation
throughout the intervention which allowed us to test alternative theories of habit formation;
neither the accumulation of a habit stock of medication adherence behavior nor declining
intrinsic motivation can explain the observed changes in ARV medication adherence
behavior during this intervention. The final contribution of this research is the use of detailed
contextual information to support the characterization of habits as context-behavior
associations. Specifically, taking medications in response to a time-based contextual cue
during the intervention strongly predicts persistent medication adherence after incentives are
withdrawn.

This paper proceeds as follows. Section 11 describes competing theories of habit formation
from the economics and psychology literatures and the testable predictions from these
theories for study participants’ observed ARV mediation adherence behavior. Section Il
outlines the intervention setting and design, and presents sample descriptive statistics.
Section 1V contains the paper’s main analytical results, and the concluding section of this
paper discusses how these results inform the design of future incentive-based interventions
for establishing healthier habits as well as this study’s limitations.

Il. Background Literature

The use of incentives for promoting long-term behavior change in economics research is
often mativated by the prevailing theory of habit formation that describes the beneficial
effect of past consumption on the marginal utility of current and future consumption,
otherwise known as state-dependent preferences (Pollak 1970; Ryder and Heal 1973; Becker
and Murphy 1988; Adamowicz and Swait 2012). By repeating the same form of
consumption, or performing the same behavior, individuals build their “habit stock,” a
weighted sum of past actions, which increases their marginal utility of continuing the same
action in current and future periods.3 Thus, incentives are designed to promote habit
formation by rewarding the performance of a targeted behavior so that a sufficiently large
habit stock is built, increasing the desirability of continuing the behavior in current and
future periods. This habit formation process may naturally occur for desirable behaviors, as
described by the model for rational addiction (Becker and Murphy 1988), but for behaviors
that are difficult to initially motivate, incentives may be necessary to initiate the
accumulation of a sufficient habit stock. In the case of medication adherence and other
health promoting activities that similarly require upfront costs to produce future health
benefits, a sufficient behavioral habit stock may not naturally form without the use of
incentives to add initial motivation for performing the desired behavior.

This economic model of habit formation makes two predictions about the temporal
dynamics of medication adherence behavior induced by incentives. First, behavioral
persistence will be observed for all participants who successfully engage in daily pill-taking,

3Mathematically this is expressed by a utility function over current and past consumption ¢y, z5); where c¢represents current
consumption and z¢is a weighted average of past consumption with exponentially declining weights, e.g.

z(t) = pe_/”fiooe/”c(f)dr. The influence of past consumption on current consumption is captured by the assumption that

o%ul dcy 0z > 0; an increase in past consumption increases the marginal utility of current consumption.
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regardless of the context or timing of their daily adherence behavior. Second, unless
incentives induce perfect adherence, an initial increase in daily pill taking will be followed
by further increases in adherence over time as individuals build a new habit stock and thus
further increase their marginal utility for medication adherence. The inability of many
individuals to naturally initiate this habit formation process for future health promoting
behaviors is further exacerbated by present-biased time preferences (Frederick, Loewenstein,
and O’Donoghue 2002). For present-biased individuals, their relatively high discount rate
for future consumption means that the small immediate costs of performing health
promoting behaviors may outweigh the heavily discounted future benefits. Since existing
research has documented that present-biased preferences in our specific study population are
associated with lower rates of medication adherence (Linnemayr and Stecher 2015), the use
of sufficiently large incentives is likely necessary to improve the adherence behavior of all
participants in this setting. According to this model of intertemporal choice, we would also
expect to see a greater likelihood of behavioral improvements from incentives among those
with present-biased preferences, since these are individuals that would otherwise be least
likely to self-initiate the habit formation process. Additionally, this theory suggests that
habits would be more likely to deteriorate over time among those with high discount rates,
since a larger habit stock is needed to raise the marginal utility of future discounted health
benefits above the immediately experienced marginal costs. This paper will use the observed
dynamics of medication adherence behavior during and after the receipt of medication
adherence incentives to directly test the predictions derived from this economic theory of
habit formation and model of intertemporal choice.

The psychology literature provides two alternative theories for the cognitive processes that
underly habitual behaviors (Deci and Ryan 2000; Deci, Koestner, and Ryan 1999; Ryan and
Deci 2000; Wood and Neal 2007; 2016), each of which yield testable hypotheses for the
impact of incentives on the creation of medication adherence habits. First, Self-
Determination Theory posits that the use of extrinsic rewards such as incentives will reduce
intrinsic motivation (Deci and Ryan 2010; 2000; Deci, Koestner, and Ryan 1999; Ryan and
Deci 2000). Under this theory, a desired behavior is performed in the absence of extrinsic
rewards only when sufficient intrinsic motivation for the behavior exists. The detrimental
effect of incentives on intrinsic motivation has thus been offered as a possible explanation
for the lack of behavioral persistence observed in most incentivization interventions (Wood
and Neal 2016), since psychologists have also proposed that behavior change will lead to
habit formation only when people are sufficiently motivated and prepared for making a
change (Ajzen 1985). To test this theory, we administered validated measures of intrinsic
motivation to all participants four times during the incentivization period. We used the
variation in this measure over time and the association between self-reported intrinsic
motivation and medication adherence behavior both during incentive provision and once
incentives were withdrawn to investigate the explanatory power of Self-Determination
Theory in this setting.

A separate psychological theory defines habits as “context-behavior associations” (Wood
and Neal 2007). According to this theory, “habits are automatic behavioral responses to
contextual cues ... developed through repetition of behavior in consistent contexts” (Wood
and Neal 2007; Lally and Gardner 2013; Verplanken, Verplanken, and Ryan 2018). This

J Health Econ. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stecher et al.

Page 7

theory emphasizes the importance of the decision-making environment on the reflexive, or
subconscious, performance of habitual behaviors, and serves as motivation for the use of
Implementation Intentions, or action planning, as an intervention strategy for forming new,
healthier habits (Orbell, Hodgkins, and Sheeran 1997; Gollwitzer and Brandstétter 1997;
Sheeran and Orbell 1999; Gollwitzer and Sheeran 2006). For implementation intentions,
participants create “when-then” action plans for performing the targeted behavior after
observing or experiencing a pre-specified contextual cue (Oettingen and Gollwitzer 2010).
This intervention strategy has been found to successfully increase physical activity (Arbour
and Martin Ginis 2009), getting a flu shot (Milkman et al. 2011), and completing a
colonoscopy (Milkman et al. 2013), and evidence from recent studies shows that
implementation intentions can lead to persistent behavioral change (Hagger and
Luszczynska 2014; Duckworth, Milkman, and Laibson 2018), such as decreased fat intake
among adults four months after being asked to form implementation intentions for a low-fat
diet (Armitage 2004). The success of this approach highlights the power of contextual cues
for maintaining behavioral changes, and suggests that incentivizing healthier behaviors
independent of context will not directly facilitate the formation of these important context-
behavior associations.

In the current study, the measure of ARV adherence behavior is derived from Medication
Event Monitoring System (MEMS) caps, which enable us to directly investigate the role of
contextual cues on habit formation. Specifically, the MEMS caps provide data on the exact
timing of each pill bottle opening. Participants are also asked to report on their usage of
time-based daily pill-taking remainders, such as phone alarms or timing their pill-taking
with television shows or daily prayers, on three mid-intervention surveys. We used the
observed temporal consistency of daily pill-taking, defined as the percentage of pills taken
within a two-hour window of participants’ modal pill-taking time, to identify the participants
that successfully used their self-reported time-based contextual cues for their medication
adherence, and we estimated the association between persistent ARV adherence after
incentives were withdrawn and participants’ use of time-based contextual cues as a test of
the context-behavior association theory in this setting.

lll. Study Setting and Design

Setting:

This study was conducted in partnership with Mildmay Uganda between March 2013 and
February 2016. The Mildmay HIV clinic provides free HIV testing, treatment, and general
medical services to over 23,000 HIV-infected clients in Kampala, Uganda. Since Mildmay
provides comprehensive health care services for clients free of charge, almost all clients
exclusively seek HIV-related treatment from Mildmay as opposed to receiving treatment and
HIV medications from multiple sources. Thus, participants’ measured adherence for the HIV
drugs provided by Mildmay is likely to capture an accurate measurement of participants’ full
HIV medication adherence behavior.

Ethics approval was obtained from RAND’s Human Subjects Protection Committee, the
Research Ethics Committee at Mildmay clinic, and the Uganda National Council for Science
and Technology.

J Health Econ. Author manuscript; available in PMC 2022 May 01.
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Eligibility, recruitment and treatment assignment:

Clients of the Mildmay HIV clinic were eligible for participation if they were at least 18
years of age, had documented adherence problems (either missed at least one clinic visit in
the last 6 months or self-reported adherence problems), and were on ARV medication for at
least 2 years (“treatment-mature” clients). The study was targeted to treatment-mature
clients because their continued pursuit of HIV treatment indicated they had overcome many
of the structural barriers to clinic care typically discussed in the literature, such as social
stigma, transportation costs, and other economic hardships (Rintamaki et al. 2006; Kagee et
al. 2011). The remaining barriers to proper medication adherence for these clients are
hypothesized to be common psychological barriers, such as present-biased time preferences
and declining intrinsic motivation, which have been successfully combated through
behavioral incentives in other settings (e.g. Rosen et al. 2007).

Based on a list of all Mildmay clients who satisfied the study eligibility criteria in March
2013, potential participants were recruited on a rolling basis at the time of clinic check-in for
their first appointment occurring between March and August 2013. Written informed
consent was then obtained in the client’s preferred language, and participants were
randomized to either one of two intervention groups or the control group. Consenting
participants then completed a 45-minute baseline survey that measured respondents’
demographics, socioeconomic status, health status, intertemporal choice preferences,
intrinsic motivation for ARV medication adherence, and planned use of time-based pill-
taking cues. Of the initial 201 eligible Mildmay clients approached during clinic check-in,
46 clients were not recruited because of refusal, scheduling problems, or language barriers
until a final study sample size of 155 participants was reached. Additional details about the
study protocol can be found in a prior publication that described the initial, short-term
treatment effects over the first 9 months of the intervention (Linnemayr, Stecher, and
Mukasa 2017). This sample size was targeted based on initial power calculations for
between-group comparisons of the main outcome, cumulative mean ARV adherence over the
20-month intervention, and the available funds for this pilot research study. Observably
random dropout occurred at month 20, when over half of participants had their MEMS caps
prematurely collected, so our investigation of adherence behavior over the 6 months post-
incentives was conducted on only 60 participants, limiting the statistical power of these
analyses. This missing follow-up data is discussed and analyzed in more detail below.

All participants received Mildmay’s standard HIV care, including medication adherence
counseling services and free ARV medications, while participants in the two treatment
groups were additionally provided with behavioral incentives designed to further promote
medication adherence over the 20-month intervention period. Both treatment groups were
eligible to win small, in-kind prizes awarded through a lottery mechanism. If eligible,
participants in either treatment group would draw a single card from a bag with a 1/6t
probability of winning their choice of three different prizes valued at roughly $1.50: an
umbrella, a coffee mug, or a thermos. These nonmonetary prizes were chosen based on
previous research among Mildmay’s client population that helped to identify both highly
desirable and immediately useful items. Additionally, the use of small prizes awarded
through a lottery mechanism reduced the overall cost of the intervention, which was an

J Health Econ. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stecher et al.

Page 9

important concern of both Mildmay and other local community partners. By lowering
overall costs, this intervention represents a widely scalable tool for promoting medication
adherence in a region that urgently needs effective, low-cost tools for combating the HIV
epidemic.

The two treatment groups differed in the behavior that determined prize eligibility during the
20-month intervention:

1. Treatment group 1 was eligible for the lottery if they attended their clinic
appointments on their pre-scheduled day.

2. Treatment group 2 was eligible for the lottery if their mean ARV adherence
(percent of daily pill doses taken as prescribed) measured over the 3-month
period since their last clinic visit was at least 90%.

Based on these criteria, eligible participants in either treatment group would participate in
the prize drawing at the end of each clinic visit. Clinic visits were pre-scheduled at roughly
3-month intervals so each participant had the potential to play the lottery approximately 7
times during the 20-month intervention, ensuring they would win at least one prize in
expectation. Mean ARV adherence was measured as the number of observed MEMS pill
bottle openings on a given 24-hour day divided by the participant’s prescribed pill regimen
(either a once a day or twice a day regimen). If the number of openings exceeded the
prescribed amount on a given day, the adherence percentage on that day was capped at
100%. Alternative adherence measures that penalized excessive pill bottle openings or
counted excessive openings towards either of the subsequent two day’s totals (to allow for
the potential storage of pills for later days) were also tested, and the results were largely
unchanged. During the intervention, participants won an average of 1.7 (SD 1.4) times, and
no participant won more than 3 times and therefore no one had to choose the same prize
twice.

The intervention design parameters for this study were selected to avoid several of the
common drawbacks in unsuccessful incentive-based interventions tested in the existing
literature, such as infrequent incentive provision and indirect behavioral outcomes
(Kamenica 2012; Thirumurthy, Asch, and Volpp 2019). Specifically, prize eligibility was
determined every 3 months based on participants’ standard frequency of clinic visits since
more frequent rewards would have required participants to make unnecessary and costly
clinic visits. As shown in Table 1, the average cost of travelling to the clinic is $4.23, which
represents roughly 6.3% of participants’ monthly income. Since prizes were only valued at
$1.50, requiring unnecessary clinic visits was expected to undermine the utility benefit of the
incentives, so the reward frequency was set to match these 3-month appointments.
Additionally, the behaviors determining each treatment group’s prize eligibility were chosen
to be directly observable, controllable, and easily understood by the participants. The first
treatment group was incentivized to attend clinic appoints according to their pre-schedule
appointments, since it has been shown that timely clinic attendance (which coincides with
pharmacy refills) is associated with higher engagement in care and medication adherence.
This behavior is also easily observable by the clinic, making this a readily scalable
intervention method. The second treatment group was incentivized based on their
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electronically recorded medication adherence behavior, which is the primary behavioral
outcome of this intervention. These two behaviors are necessary for patients to properly
adhere to ARV medications and attain viral suppression, and were hypothesized to provide a
more directly observable and attainable behavioral goal than designing incentives
conditional on a health outcome, such as HIV viral load, which is less well-understood and
more difficult for individuals to directly control. While the goal of ARV medication
adherence is to reach HIV viral suppression, a physiological status that restores immune
system health and reduces the risk of viral transmission, this intervention was intentionally
designed to promote the intermediate and observable behaviors necessary for achieving viral
suppression. These two treatment groups were also designed to provide additional evidence
for the appropriate frequency of the incentivized behavior, where a comparison of the
treatment effects between these two study groups will help improve the design of future
incentive-based interventions.

Summary statistics:

Table 1 presents descriptive statistics for the full sample of 155 clients from the Mildmay
HIV clinic who were evenly randomized across the three study groups, as well as the
characteristics of the final analytic sample of 138 clients who remained after sample
attrition. The first two columns show the mean of several important demographic and
psychological measures recorded on the baseline survey among the full and analytic
samples, respectively, as well as the study participation rate (the fraction of recruited clients
who were retained in the study for the full 20-month intervention period). The third and
fourth columns show the difference in these observable characteristics between the full and
analytic samples and the p-values from Wilcoxon rank-sum tests of equality. The fifth
column shows the demographic and psychological characteristics of the control group in the
analytic sample. The next two columns present the difference in means between the control
group and each treatment group, and the final column presents p-values testing whether the
three study groups have equal means using the non-parametric Kruskal Wallis test (Kruskal
and Wallis 1952).

Sample attrition due to moving away from Kampala, MEMS-cap device malfunction, or
study fatigue during the RAP program was limited to 11% (17 participants) and equally
experienced across study groups (p = 0.14). The final analytical sample contained 138
participants who were on average approximately 39 years old, 64% female, roughly half had
at least a primary school education, and 50% were married. Slight differences exist between
study groups in participants’ monthly disposable income (sample mean = $66.63) and travel
costs to the Mildmay clinic (sample mean = $4.23), but these differences were insignificant
as demonstrated by the p-values in the final column of Table 1. The study groups were also
balanced in their levels of household assets, home ownership, household size, and measures
of both physical and mental health. After the 20-month intervention period, it was planned
that all participants would continue to use the MEMS-caps for 6 months to observe the
persistence of ARV adherence behavior after incentives were withdrawn. Miscommunication
between the research team and project staff led to over half of participants returning their
MEMS-caps during their 20-month clinic visit, so post-incentives data are only available for
60 participants. Table 2 shows how the sample composition differs between the participants
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with complete observations for all 26 months and those who are not observed after their 20-
month clinic appointment, and demonstrates that these samples were observationally
equivalent.

The first column of Table 2 shows the average study group assignment, demographics,
psychological measures, and adherence behavior for the 60 participants with complete post-
incentives observations. The next three columns present the same descriptive statistics for
the sample with incomplete post-incentives observations, followed by the difference in
means between these two groups and the p-values associated with Wilcoxon rank-sum tests
of equality. The only significant compositional difference was that the full 26-month sample
contained a smaller fraction of participants in the second treatment group (reward eligibility
conditional on mean ARV adherence of at least 90%). To examine how the differential rates
of missing follow-up data by study group after month 20 may impact the results, columns 5
— 8 of Table 2 compare the observed characteristics of the participants in each study group
who had their MEMS-cap collected in month 20. The insignificant differences between these
groups, particularly in regards to their adherence behavior, such as the use of time-based
cues and their cumulative mean adherence during the 20-month intervention, suggests that
the analyses of post-incentives behavior do not suffer from observable sources of sample
selection bias.

To investigate the psychological attributes associated with persistent ARV adherence,
measures of participants’ intrinsic motivation, intertemporal choice preferences, and pill-
taking routines were collected on baseline and month 4, 14, and 20 surveys. Intrinsic
motivation was measured using the Intrinsic Motivation Inventory (Deci, Koestner, and Ryan
1999; Ryan and Deci 2000; 2008), where a motivation index is calculated as the percent of
questions receiving affirmative responses (either “Agree” or “Strongly agree”) in regard to
participants’ perceptions of the importance, value, and usefulness of ARV medications, as
well as their perceived competence and social support for adhering to their ARV medication
protocol. Present-biased time preferences were identified based on responses to a Multiple
Price List (Meier and Sprenger 2015) survey module, where participants were asked to
choose between hypothetical pairs of rewards valued from $13.50 to $27.00 received either
tomorrow, in one year, or in two years. Those who chose the smaller, sooner reward when
deciding between tomorrow or one year, but then displayed inconstant temporal discounting
by being willing to wait for the larger reward when deciding between one year or two years
for the same pair of rewards were classified as having present-biased time preferences
(Andersen et al. 2006; Frederick, Loewenstein, and O’Donoghue 2002). Finally, participants
were asked about their use of daily pill-taking reminders on the follow-up surveys in months
4, 14, and 20. These self-reported reminders were categorized as either being “time-based
reminders,” such as using an alarm or timing pill-taking with a TV show or daily prayers, or
“variably-timed reminders,” such as having a family member remind them or taking pills
with dinner or after work. This information was then combined with the observed temporal
consistency of participants’ pill bottle openings in order to identify the participants who
successfully used time-based pill-taking routines. Specifically, participants’ modal pill-
taking time was calculated within the 30 days before and after each pill-taking observation,
and temporally consistent pill-taking was defined as taking at least 90% of pills within a 2-
hour window of this moving modal pill-taking time over the 20-month intervention period.
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Among those who reported using time-based reminders, over 96% of their observed pill-
taking was within 2 hours of their moving modal pill-taking time, which motivated this
definition, and the results are largely unchanged under alternative cutoffs (e.g. 1-hour and 3-
hour windows); described below. The participants who both reported using “time-based
reminders” and displayed temporal consistency in their pill-taking are believed to have
successfully established a time-based pill-taking routine, which is hypothesized to increase
the likelihood of maintaining proper adherence after the incentives are withdrawn.

Table 1 demonstrates that the randomization balanced participants on these important
psychological dimensions — average intrinsic motivation for ARV adherence was observed to
be 0.8 out of 1 and roughly 43% of participants displayed present-biased preferences on the
baseline survey. Additionally, 13% of participants displayed time-based pill-taking routines
over the 20-month intervention. Importantly, the three study groups were statistically equal
in terms of intrinsic motivation, present-biased time preferences, and the use of time-based
cues, all of which may influence the observed treatment effects on cumulative mean
adherence during the 20-month intervention that are presented at the bottom of Table 1.
Table 2 confirms that the dropout between month 20 and month 26 due to project
miscommunication was evenly experienced across these psychological dimensions.

Table 3 helps to characterize the 26 participants (19%) who were identified as successfully
using time-based pill-taking cues during the intervention period. The first column shows
that, on average, those with time-based routines were slightly older and more educated, but
the p-values in the fourth column of Table 3 indicate that these differences are not
statistically significant. Instead, participants with time-based pill-taking routines were 19%
more likely to own a home and earn $34.79 more in monthly income. Better physical and
mental health is also significantly associated with establishing time-based pill-taking
routines, and the final row of Table 3 shows that the use of time-based routines is associated
with a 14% higher mean ARV adherence during the 20-month intervention. The subsequent
columns in Table 3 demonstrate the stability of the temporal consistency definition by
comparing the observable characteristics among time-based pill-takers identified using a 1-
hour and 3-hour time window around participants’ moving modal time. In addition to the
small differences in group sizes (22 are considered consistent using the 1-hour definition and
29 are consistent according to the 3-hour definition), non-parametric tests of equality
between these alternative definitions confirm that these differences are statistically
insignificant. The following regression analyses will be used to estimate the magnitude of
the treatment effects on cumulative mean ARV adherence both during and after
incentivization, as well as test the significance of the association between time-based
routines and the persistence of ARV adherence habits after incentives were withdrawn.

IV. Results

Primary Treatment Effects:

The pre-registered? primary analyses examine cumulative mean ARV adherence over the 20-
month intervention for the 138 HIV-infected clients of Mildmay HIV Clinic who completed

4Clinicaltrials.gov Identifier: NCT02503072
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the study. Figure 1a shows the average monthly mean ARV adherence separately among
each of the three study groups, as well as for the two treatment groups pooled. Figure 1b
shows the cumulative mean ARV adherence for these same study groups, where this
cumulative measure was calculated as the average monthly ARV adherence between month
2 and the indicated subsequent month.

These two figures show that both treatment groups experienced a small but consistent
increase in mean ARV adherence during the 20-month intervention period relative to the
control group participants who only received the standard HIV care and adherence
counseling. The second treatment group (“Treat T2”) that was eligible for prizes conditional
on maintaining mean adherence of at least 90% showed the largest increases in adherence
rates; the monthly difference in mean adherence between treatment group 2 and the control
group averaged 6.6 p.p. (SD 1.2 p.p.) over the 20-month intervention and ranged from 8.3
p.p. (SD 1.4 p.p.) in month 16 to 2.4 p.p. (SD 1.2 p.p.) in month 18. The first treatment
group (“Treat T1”) that was eligible for prizes conditional on timely clinic appointment
attendance displayed smaller increases in adherence rates relative to the control with an
average increase of 2.7 p.p. (SD 0.9 p.p.) over the 20-month intervention that ranged from a
maximum monthly increase of 5.5 p.p. (SD 1.6 p.p.) in month 17 to a minimum increase of
0.5 p.p. (SD 0.4 p.p.) in month 19. This weaker effect experienced by the first treatment
group is consistent with the literature that suggests incentives are less effective for
infrequently performed behaviors that are not direct inputs into participants’ health, such as
preventative health screenings (Goldzahl, Hollard, and Jusot 2018; Mehta et al. 2019; Gupta
et al. 2016). Still, the monthly mean adherence between the pooled treatment groups (“Treat
T”) was consistently higher than the control group and the cumulative mean adherence in the
pooled treatment group over months 2 through 20 was 5.6 p.p. (SD 3.1 p.p.) higher than the
control group. The statistical significance of these differences is tested formally in the
regression analyses below.

While the average mean ARV adherence among the control group at baseline was 79.8%
(SD 17.9%), ARV medication protocols require mean adherence rates of 90% or higher in
order to achieve the full treatment benefits (Bangsberg et al. 2001; de Olalla Garcia et al.
2002). This high threshold for attaining the full treatment benefits underscores the
importance of developing adherence support tools, and motivated our design of the second
treatment group that directly incentivized participants to attain mean adherence rates above
90%. To assess the impact of the intervention on participants’ ability to meet this threshold,
Figure 2 displays the percent of participants in each study group with cumulative mean ARV
adherence greater than or equal to 90%, along with the percent of participants in the pooled
treatment group with at least 90% cumulative mean ARV adherence. The percent of
participants in the control group who reached cumulative mean adherence rates of 90% or
more starts at 57.4% in month 2 and falls continuously to 30.6% in month 20. Importantly,
both treatment groups displayed higher likelihoods of meeting the 90% mean adherence
threshold. On average, the percent of participants meeting the 90% threshold in the first
treatment group was 5.4 p.p. higher than the control group in the final month of the
intervention, while the second treatment group was 16.3 p.p. more likely to reach at least
90% mean adherence in the final month of the intervention (month 20).
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In Table 4, we present regression estimates to test the significance of the average treatment
effects displayed in Figure 1. For these regressions, we run models of the form:

treatment

yi = a+ pD; + X0+ ¢€;

where y;is the cumulative mean ARV adherence, DI"¢#™e"! gre indicator variables equal to 1

for individuals in the indicated treatment group and 0 for those in the control group, and X;
captures the remaining observable socioeconomic and health differences between
participants presented in Tables 1-3. Specifically, X;includes participants’ age in years, an
indicator for being female, having at least a primary education, an indicator for being
married, a categorical household asset index measured by ownership of 10 common
household items, an indicator for home ownership, the logarithm of both monthly income
and the travel costs to the clinic, reporting that health limits any one of six physical activities
of daily living, a categorical mental health index measured by an 11-item module identifying
the presence of mental illness symptoms, and the intrinsic motivation and present-biased
preference measures discussed earlier. Since the randomization procedures successfully
balanced the study groups across these observable dimensions, as seen in Table 1, the
following regression results were largely unchanged with the inclusion of these additional
controls. This model was estimated using both OLS and a censored Tobit regression to
account for the bounded nature of the cumulative mean ARV adherence measure, which was
recorded as the proportion of pills taken as prescribed. The results are both quantitatively
and qualitatively similar between these two estimation methods, and the model parameters
from both estimation methods using heteroscedasticity-consistent standard errors are
displayed in Table 4.

The Tobit regression coefficient estimates in columns 3 and 4 of Table 4 show the impact of
each treatment on cumulative mean ARV adherence relative to the control, without and with
the inclusion of control variables, respectively. From the full regression model, we find that
the first treatment group displayed a 2.8 p.p. higher cumulative mean adherence over the 20-
month intervention, but this increase was not statistically significant. The second treatment
group improved cumulative mean adherence by 5.4 p.p., which is significant at the 10%
level (p = 0.07). Since the average cumulative mean ARV adherence among all participants
was 83.5%, this treatment effect represents a meaningful increase in adherence towards the
targeted 90% threshold. To better understand which participants experienced the greatest
benefits from the intervention, the results in columns 5 — 7 of Table 4 show quantile
regression coefficients for the same linear regression model estimated at the 25, 50t and
75t percentiles of the observed cumulative mean ARV adherence distribution. These
estimates show that the second treatment was most effective for participants who were just
below the 90% threshold. Specifically, for the bottom 25t percentile, the second treatment
increased adherence by 10.9 p.p. from an average of 75.2%, although this effect was not
significant. Instead, the second treatment significantly improved adherence at the median by
10.6 p.p. (p = 0.01) from an average of 87.6%, which indicates that this treatment was
successfully designed for the participants who stood to benefit the most from our
intervention by successfully reaching the 90% mean adherence threshold.
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To directly assess the effect of each treatment on the likelihood of reaching the 90% mean
ARV adherence threshold, the following logistic regression model was estimated:

Pr(y;=1| D;, X;) = ”(a+ ﬂDlzreatmem + X0+ Ei)

where yjis an indicator for reaching a cumulative mean ARV adherence of at least 90% over

eX

the 20-month intervention period and z(x) = The variables p"¢a'ment gre indicator

1—eX
variables equal to 1 for individuals in the indicated treatment group and 0 for those in the
control group, and Xj contains the same set of socioeconomic and health controls utilized
above and presented in Tables 1 — 3. The odds ratios from this logistic model estimated
through maximum likelihood procedures with heteroscedasticity-consistent standard errors
without (and with) the inclusion of control variables are presented in column 1 (and 2) of
Table 5. The results show that the first treatment had an insignificant impact on participants’
odds of reaching the 90% mean adherence threshold, while the second treatment increased

participants’ odds by 2.37 (p = 0.06).

Persistence of Treatment Effects:

The short-term use of incentives in this study was motivated by the economic theory of habit
formation which contends that habits are formed with the daily repetition of a behavior. To
assess the degree of habit formation among the participants in this study, the following
analyses will describe participants’ post-intervention behavior during the 6 months
following the withdraw of incentives. As previously mentioned, a significant degree of
dropout randomly occurred after month 20, so the analyses of post-incentives behavior were
performed among the 60 participants with complete observations through month 26. The
group-level monthly and cumulative mean adherence rates for this sample of complete
observations are presented for all 26 months of the study in Figure 3, where the end of the
intervention in month 20 is indicated with a vertical line.

Two important trends are clearly visible in Figure 3a: 1.) on average, all incentivized
participants experienced a steady decline in mean adherence once incentives were
withdrawn, and 2.) the control group experienced a similar decline in mean adherence, so
the level difference in mean adherence between treatment and control groups persisted
through month 26. Evidence of treatment effect persistence is magnified in Figure 3b, which
presents the cumulative mean ARV adherence (the pre-specified main outcome) over all 26
months for the three study groups. This graph shows that the difference in cumulative
adherence between treatment and control groups established through the first 20 months was
maintained during the 6 months after incentives were withdrawn.

Figure 4 plots the likelihood of reaching the 90% cumulative mean adherence threshold
among all three study groups and the pooled treatment group among the 60 participants with
complete observations through 26 months. Again, a persistent level difference existed
between the treatment and control groups for this secondary outcome over the full 26-month
period. Tables 6 and 7 provide regression results that describe the significance of the level
differences between study groups observed in Figures 3 and 4, respectively. Specifically,
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Table 6 shows that the second treatment group had 10.6 p.p. (p = 0.031) higher cumulative
mean ARV adherence over the 20-month intervention and 6-month post-intervention period
relative to the control group (months 2 — 26). Similarly, the second treatment group had 4.75
(p = 0.03) greater odds of reaching the 90% cumulative mean adherence threshold over this
26-months period. To examine the level differences in adherence behavior between study
groups just over the post-incentivization period, Tables 8 and 9 present regression results for
the cumulative mean adherence during the 6 months post-incentives and the odds of
reaching the 90% cumulative mean adherence threshold during the 6 months post-incentives,
respectively. Similar to the results over months 2 — 26, the second treatment group had 11.2
p.p. (p=0.03) higher cumulative mean ARV adherence and a 2.82 (p=0.02) greater odds of
reaching the 90% cumulative mean adherence threshold over months 21 — 26.

A clear weakness in this evidence for the successful formation of proper medication
adherence habits is that persistent level differences between the treatment and control groups
occurs because adherence similarly declines for all study participants after incentives were
withdrawn. This universal decline in mean adherence is clearly observed in Figure 5, which
plots the change in monthly mean ARV adherence starting from the end of incentives in
month 20. While the control group initially experienced a significantly larger drop in
monthly mean adherence, —=2.67 p.p. (p = 0.01) in month 23, the difference between study
groups was not statistically significant in month 26, when all three groups had a monthly
mean adherence that was approximately 2.1 p.p. below their cumulative mean adherence
level in month 20.

To more carefully study the persistence of participants’ adherence behavior, the following
regression analyses examine the monthly change in mean ARV adherence between
participants’ cumulative ARV adherence through the 20-month intervention and their
cumulative adherence over the 6-month post-intervention period. Specifically, Table 10
shows the coefficients from the following regression model:

treatment

yi =a+ pD; +6C; + X0 +¢;

where yjis the monthly change in cumulative mean ARV adherence between the 20-month
intervention period and the 6-month post-intervention period, D!"¢#"™¢"" are indicator

variables equal to 1 for participants in the indicated treatment group and 0 for those in the
control group, and C;is an indicator variable equal to 1 if participants are identified as using
time-based pill-taking cues. Xjincludes measures of participants’ age, gender, education,
marital status, household assets, home ownership status, monthly income, travel costs to the
clinic, physical and mental health, intrinsic motivation for ARV adherence, and an indicator
of present-biased time preferences. On average, all participants saw a 3.4 p.p. drop (p =
0.03) in their cumulative mean ARV adherence after incentives were withdrawn. As
displayed in column 1 of Table 8, both treatment groups experienced slightly smaller
reductions in their adherence post-intervention relative to the control group, but these
differences were not statistically significant. The standard economic theory of habit
formation would predict that higher ARV adherence among the treatment groups during the
20-month incentivization period would lead to a larger habit stock of adherence behavior
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and thus a higher marginal utility for continued adherence, but these insignificant differences
in behavioral persistence across study groups questions the explanatory power of this theory
for habitual behavior in our setting.

The use of time-based ARV adherence cues is associated with successfully maintaining
adherence after incentives were withdrawn. Specifically, column 2 of Table 10 shows that
the drop in cumulative mean adherence post-incentives was 3.3 p.p. (p = 0.02) smaller
among participants with cued pill-taking routines. Columns 3 and 4 of Table 10 show the
relatively minimal and statistically insignificant impact of participants’ intrinsic motivation
and present-biased time preferences on their change in cumulative ARV adherence post-
incentives, without and with demographic controls, respectively. These results run contrary
to both Self-Determination Theory and the behavioral economic model of intertemporal
choice. Even when including these additional psychological measures and controlling for
participants’ socioeconomic and health characteristics, the only significant predictor of ARV
adherence persistence is the use of time-based pill-taking cues. This finding is visualized in
Figure 6, which shows the average monthly mean ARV adherence among the control and
pooled treatment groups where each group is further split between those that were identified
as using time-based pill-taking cues and those without a cued ARV routine. This figure
shows that adherence fell by 4.7 p.p. among those without time-based pill-taking cues and
increased by 1.5 p.p. among those with time-based cues during the 6 months post-incentives.

These results on post-incentives adherence behavior suggest that time-based cues are
associated with more persistent adherence, but another important question is how incentives
differentially impacted participants who did and did not use time-based cues during the
intervention. To provide estimates of these heterogenous treatment effects, Table 11 shows
the coefficients from the following linear regression model:

yi=a+ ﬂDlzreatmenl +6C; + 5Dl{reatment Ci+ X0 +¢

where y;is the cumulative mean ARV adherence during the 20-month intervention,
Dpireatment are indicator variables equal to 1 for participants in the indicated treatment group
and 0 for those in the control group, C;is an indicator variable equal to 1 if participants are
identified as using time-based pill-taking cues, DI"¢#™e"! . c; is the interaction of the

treatment group and time-based cues indicator variables, and X;contains the full set of
demographic controls used in the previous models. As demonstrated by Figure 6, the
average cumulative adherence was roughly 19.5 p.p. (p<0.01) higher among those who use
time-based cues over the 20-month intervention. While the sample size was not statistically
powered for these heterogeneous treatment effect analyses, the attenuating effect of time-
based cues on the treatment suggests that this intervention was primarily effective only for
those who did not use time-based pill-taking cues. Specifically, participants who did not use
time-based cues had a 7.3 p.p. (p = 0.17) greater increase in cumulative mean ARV
adherence from the second treatment (i.e. incentives for high ARV adherence). However, our
earlier findings show these are the same participants for whom adherence declined by 3.4
p.p. in the 6 months after incentives were withdrawn. Taken together, these results show that
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those who used time-based cues maintained a high level of ARV adherence during both the
20-month intervention and 6 months post-intervention regardless of their study group
assignment. Since one of the eligibility criteria for participation in this study was either
documented disengagement from treatment or self-reported adherence problems, it is
unlikely that participants successfully used time-based cues prior to the intervention.
Additionally, the use of contextual cues for ARV adherence was not the focus of this
intervention, so it is unclear how this intervention might have promoted the use of time-
based cues for a subset of participants.

Regardless of the motivation for using time-based pill-taking cues, one important benefit to
using contextual cues that can be seen in the data is combatting forgetfulness. This cognitive
barrier can be seen in Figure 7 which shows the likelihood of pill-taking interruptions of 48
hours or more among those with and without time-based pill-taking cues for the participants
with complete observations for 26 months. A clear advantage of using one’s environment to
cue daily ARV pill-taking is a reduced reliance on one’s memory, as shown by the
significantly higher number of pill interruptions of at least 48 hours (1.1 interruptions per
month) among those without cues as compared to the participants that used time-based cues
(0.2 interruptions per month) (Wilcoxon rank-sum test: p = 0.01). Additionally, the
likelihood of at least one =48-hour pill interruptions increased steadily over the course of the
intervention and post-incentives period at roughly 2 p.p. per month for those without
contextual cues, while the cued-ARV adherence group did not experience a change in their
likelihood of forgetting pills.

Additional Outcomes:

The incentives offered during this intervention were successful at increasing mean ARV
adherence, as described above and demonstrated in Figures 1 and 2, but the intervention was
not designed to incentivize or otherwise motivate the use of time-based adherence cues and
correspondingly we do not observe differences among the study groups in their likelihood of
using this behavioral strategy. Figure 8 shows the percent of participants in each study group
that used time-based pill-taking cues in each month of the 20-month intervention among all
participants (N=138). This percentage reflects the share of participants who reported using
time-based cues on the most recent follow-up survey, administered at months 4, 14, and 20,
and who also took 90% of their pills within a 2-hour window around their modal pill-taking
time. While there was an initially larger likelihood of using time-based cues among the
treatment groups relative to control group, that difference disappears in all months after
month 6. This shows that incentives alone were not driving the use of time-based cues for
ARV adherence. Instead, this behavioral strategy seems to have been organically adopted by
the participants who were also the most successful at maintaining proper ARV adherence
after incentives were withdrawn. As outlined in Table 3, these 26 participants (19% of the
analytic sample) were financially more secure and had better physical and mental health,
which highlights the need for novel intervention strategies that can establish cued ARV
medication adherence routines among more resource-constrained and vulnerable
populations.
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One frequently cited concern with using incentives to initiate behavioral change is the
potential of “crowding-out” participants’ intrinsic motivation for the targeted behavior, as
hypothesized in Self-Determination Theory (Deci 1971; Frey and Jegen 2001). This
phenomenon has been observed in psychological laboratory experiments using simple tasks
that participants had high initial levels of intrinsic motivation to complete, such as
completing puzzles and painting pictures (Lepper, Greene, and Nisbett 1973). Field
experiments in the behavioral economics literature have subsequently provided evidence of
crowding-out for more complex behaviors, such as volunteering (Frey and Goette 1999) and
enforcing penalties for picking children up (Gneezy and Rustichini 2000), but these
behaviors are characterized by interpersonal conflicts of interest where the targeted behavior
involves a tradeoff between one’s own self-interest and potential benefits to others. However,
most of the health-related behaviors that policy makers may wish to improve through
incentives, such as diet, physical activity, and medication adherence, cannot be characterized
has having either high initial motivation or conflicts of interest (Promberger and Marteau
2013). Instead, suboptimal performance of these health promoting behaviors is often
attributed to problems of self-control and intertemporal decision-making biases (Frederick,
Loewenstein, and O’Donoghue 2002), which may be successfully addressed by incentives
that can enhance feelings of competence and might actually increase intrinsic motivation.

Existing studies that incentivize health-related behaviors find no evidence of motivational
crowd-out (Charness and Gneezy 2009; Volpp et al. 2009; Cooke et al. 2011; Czaicki et al.
2018), and this study contributes to this literature by similarly not finding a negative
relationship between incentives and intrinsic motivation for medication adherence.
Specifically, Figure 9 shows that participants’ self-reported level of intrinsic motivation for
ARV adherence steadily increased from the baseline survey to follow-up surveys in months
4, 14, and 20. From this figure, an increasing trend is observed for all study groups, where
this measure of intrinsic motivation increased on average by 10.6% (p < 0.01) over the
course of the 20-month intervention. Interestingly, while slightly higher levels of intrinsic
motivation were initially observed among the participants that used time-based pill-taking
cues (7.7% higher motivation index; p=0.11), relative motivation levels switch over the
subsequent 20 months as the rest of the study participants increased motivation by 11.5%
while no change was observed among the group that used time-based cues. Since time-based
cues are more predictive of proper ARV adherence after incentives were withdrawn than
intrinsic motivation, this finding corroborates previous studies showing the relative
importance of contextually cued habits for maintaining long-term behaviors (\erhoeven et
al. 2012; Neal, Wood, and Drolet 2013; Galla and Duckworth 2015).

V. Discussion and Conclusion

This study shows that incentives can successfully improve HIV-infected patients’ ARV
medication adherence, and identifies an important behavioral strategy for maintaining
adherence post-incentives that warrants further theoretical and empirical research.
Specifically, incentives improved participants’ cumulative ARV adherence and their
likelihood of attaining at least 90% adherence during the 20-month intervention period, and
the success of this intervention illustrates the importance of carefully calibrating incentive
design parameters, such the frequency, magnitude, and type of rewards, for a particular
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behavioral setting. This study offered participants the chance of winning in-kind prizes that
were selected based on extensive formative research in this clinical setting, and also tested
the relative impact of incentivizing two different observable health behaviors that are
necessary for ARV adherence: timely clinic attendance and cumulative ARV adherence. The
results show that incentives conditional on the more frequent behavior that directly
contributes to participants’ health (i.e. ARV adherence) are more successful for improving
health behaviors. The significant difference in cumulative ARV adherence during the
intervention between the treatment and control groups was also found to persist during the 6
months after incentives were withdrawn, which is frequently offered as evidence of habit
formation in the economics literature. However, a closer inspection of the change in
adherence behavior before and after incentives were withdrawn revealed that participants in
all study groups experienced a similar adherence decline during the 6-month post-incentive
period, except for the participants who used time-based contextual cues. Additionally, the
beneficial effect of incentives appears to be largely experienced by those who did not use
time-based adherence cues, as the subset of participants who used time-based cues
maintained high levels of adherence throughout the study irrespective of group assignment.
The importance of these contextual cues in the habit formation process has been previously
described by psychological theory, and the results of this study lend further support for the
use of this behavioral strategy as a mechanism for creating persistent, healthier habits.

These observed changes in ARV adherence behavior both during and after the receipt of
incentives also questions the explanatory power of the standard economic model of habit
formation in this setting. According to this model, the higher performance of daily pill-
taking among the treatment groups led to a larger habit stock from past adherence behavior,
and thus a higher marginal utility for adherence by the time incentives were withdrawn. The
equal rate of decline in ARV adherence across study groups suggests that marginal utilities
were not significantly increased through the accumulation of an ARV adherence habit stock;
however, this intervention was carefully designed to mitigate most of the potential barriers to
this theoretical habit formation process. Specifically, baseline marginal utilities were likely
high for our targeted behavior, since full ARV adherence improves the health and life
expectancies of people living with HIV. Additionally, pill-taking is a relatively simple
behavior with little time or opportunity costs, ARV medications were provided to
participants for free, and clinic access and social stigma were likely overcome by our sample
of treatment-mature clients, thus the marginal cost of adherence was minimized. Finally,
incentives were provided for 20 months, a period longer than the maximum time of habit
formation suggested by the existing psychology literature (Lally and Gardner 2013). While
these conditions did not result in ARV adherence habits for participants in the two treatment
groups, a minority of participants across study groups who used time-based pill-taking cues
maintained high adherence rates throughout the pre- and post-incentives periods. To
reconcile this result with the classical economic habit formation model, it could be that a
habit stock is only accumulated for contextually cued behaviors, that contextual cues may
reduce the marginal cost of ARV adherence, or that the notion of habits as unconscious
behavioral responses to cues, as suggested by Wood and Riinger (2016), may better explain
ARV adherence behavior. Future research should attempt to disentangle the mechanism(s)
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underlying the success of contextual cues for supporting persistently high medication
adherence.

Importantly, the use of time-based pill-taking cues was associated with higher household
income, wealth, and better physical and mental health, which highlights the need for new
intervention techniques to support successful habit formation among the less advantaged.
Better financial conditions are hypothesized to facilitate persistent daily pill-taking routines
because these participants can both afford to buy alarm clocks and take more leisure time,
such as watching TV or participating in daily payers, all of which can serve as readily
available time-based adherence cues and because higher household income and wealth can
help smooth financial shocks and other potential disruptions to daily routines and work
schedules. Additionally, these participants are less likely to work in the transportation or
construction industries, which are common industries of employment among the less
wealthy study participants, which frequently require irregular work hours and travel outside
of Kampala that would disrupt context-dependent pill-taking routines. Future interventions
should investigate whether stable time-based cues can still be identified and utilized among
this population, and whether the lack of existing consistent routines or potential cognitive
limitations among those with poor physical and mental health may undermine individuals’
ability to establish healthy habits. Since the use of contextual cues was not a focus of this
intervention, it is unclear what caused a subset of participants in each study group to display
this successful behavioral strategy, but future research should also investigate how study
participation may focus individuals’ attention on the targeted behavior and change their
performance of that behavior regardless of the specific intervention method.

In addition to identifying the importance of contextual cues for behavioral persistence, this
paper uses survey measures of participants’ intrinsic motivation and intertemporal choice
preferences to provide evidence that challenges alternative theories of habit formation in the
psychology and economics literatures. First, participants’ self-reported intrinsic motivation
for ARV adherence steadily increased during the 20-month intervention period, even among
the participants receiving incentives. This contradicts the prediction that external rewards
“crowd-out” intrinsic motivation, which Self-Determination Theory also posits is a
necessary component for successful habit formation. Second, participants identified as
having myopic (present-biased) time preferences, did not differentially form or lose ARV
adherence habits as the behavioral economic model of intertemporal choice would suggest.

Overall, this paper demonstrates that context plays an important role in maintaining habitual
behaviors and suggests that future research should consider using incentives to reinforce the
response to contextual cues when attempting to foster persistent healthier habits. In this
study, the participants who were most successful at maintaining high ARV adherence after
incentives were withdrawn reported using time-based contextual cues, such as timing
adherence with TV shows, daily prayers, or phone alarms. These cues served as daily
reminders, but more information on participants’ full medication routine would help to
better replicate this behavioral strategy in future interventions, such as how long after the
cue was ARV medication taken, whether intermediate behavioral habits (e.g. filling a glass
of water) were also built, and whether these participants utilize other reinforcers or social
supports. Additionally, this study employed incentives over a relatively long period, 20
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months, which limits the feasibility and applicability of this approach in many other
behavioral settings, and future studies should investigate the ability of shorter duration
incentivization interventions to successfully promote cued behavioral routines. Recent
psychological studies have suggested that habits can take anywhere from 30 to 250 days to
form depending on the complexity and daily frequency of the repeated behavior (Lally and
Gardner 2013). In addition to better understanding the duration of this process for health
behaviors of varying complexity and frequency, future research should also examine how
incentives of varying frequency, magnitude, and type impact this habit formation process.

There are several limitations to this study’s findings. First, sample dropout that occurred
between months 20 and 21 of the study reduced the statistical power for the analyses of
ARV adherence persistence. Second, the survey measures of intertemporal choice
preferences were not incentivized, and there is strong evidence that both the Multiple Price
List and Intrinsic Motivation Inventory survey modules need to be significantly modified
when employed across countries, cultures, and behavioral domains (Singer et al. 2016;
Galizzi 2014; Carvalho, Prina, and Sydnor 2016). Third, the initial study sample size was
not powered for heterogenous treatment effect analyses, so future research is needed to
better understand how incentives differentially impact those who do and do not use
contextual cues for the targeted behavior. Finally, this intervention did not randomize or
otherwise manipulate participants’ use of contextual cues, so the documented association
between the use of time-based contextual cues and persistent adherence should be
considered as suggested evidence for the role of context in maintaining medication
adherence. It is possible that other behavioral mechanisms were also utilized by the
participants who reported using time-based cues and displayed temporal consistency in their
medication behavior, which highlights the need for more research on incentivizing the use of
contextual cues for building healthier habits.
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Figure 1.
Positive Impact of Incentives on Monthly and Cumulative Mean Adherence During the 20-

Month Intervention
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Figure 2.
Positive Impact of Incentives on the Percent of Participants with at Least 90% Cumulative

Mean Adherence Over the 20-Month Intervention
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Figure 3.
Impact of Incentives on Monthly and Cumulative Mean Adherence Over the 20-Month

Intervention and 6 Months Post-Intervention
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Figure 4.
Impact of Incentives on the Percent of Participants with at Least 90% Cumulative Mean

Adherence Over the 20-Month Intervention and 6 Months Post-Intervention
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Participants With and Without Time-Based Cues
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Figure 8.

Percent of Participants of Using Time-Based Cues Across All Three Study Groups
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Instrinsic Motivation Increased by Incentives
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Figure 9.
Intrinsic Motivation Measured for Each Study Group at Four Periods During the 20-Month

Intervention
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