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Abstract

Background: The risk of tuberculosis (TB) is high among people with HIV (PWH). Heavy alcohol drinking independently
increases TB risk and approximately 25% of PWH globally engage in heavy drinking. While isoniazid (INH) preventive therapy
decreases TB incidence and mortality among PWH, heavy drinking during INH is associated with liver toxicity and poor
adherence. Interventions are, therefore, urgently needed to decrease alcohol use and improve adherence to INH in this
population in settings with high prevalence of HIV and TB like Uganda.

Methods: The Drinkers’ Intervention to Prevent TB (DIPT) study is a 2×2 factorial randomized controlled trial among HIV/TB
co-infected adults (≥18 years) who engage in heavy alcohol drinking and live in Uganda. The trial will allocate 680
participants with a 1:1:1:1 individual randomization to receive 6 months of INH and one of the following interventions: (1) no
incentives (control), (2) financial incentives contingent on low alcohol use, (3) financial incentives contingent on high
adherence to INH, and (4) escalating financial incentives for both decreasing alcohol use and increasing adherence to INH.
Incentives will be in the form of escalating lottery-based monetary rewards. Participants will attend monthly visits to refill
isoniazid medications, undergo liver toxicity monitoring, and, except for controls, determine eligibility for prizes. We will
estimate (a) the effect of incentives contingent on low alcohol use on reduction in heavy drinking, measured via a long-term
objective and self-reported metric of alcohol use, at 3- and 6-month study visits, and (b) the effect of incentives contingent
on high adherence to INH, measured as >90% pill-taking days by medication event monitoring system cap opening. We will
use qualitative methods to explore the mechanisms of any influence of financial incentives on HIV virologic suppression.

Discussion: This study will provide new information on low-cost strategies to both reduce alcohol use and increase INH
adherence among people with HIV and TB infection who engage in heavy drinking in low-income countries with high HIV
and TB prevalence.

Trial registration: ClinicalTrials.gov NCT03492216. Registered on April 10, 2018
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Introduction
Background and rationale
Tuberculosis (TB) is the leading cause of death among
people with HIV (PWH) worldwide, accounting for 251,000
deaths in 2018 (33% of HIV-associated deaths) [1]. In
addition, the risk of active TB disease among individuals with
latent TB infection is increased 3-fold among people who en-
gage in heavy drinking compared to non-drinkers [2–6]. Glo-
bally, an estimated 25% of PWH engage in heavy drinking
and the prevalence of heavy drinking is higher in PWH than
in the general population [7, 8]. Thus, PWH who drink heav-
ily are a vulnerable population at very high risk of morbidity
and mortality due to TB disease.
Isoniazid (INH) preventive treatment (IPT) combined

with antiretroviral treatment is currently the most well-
established strategy to prevent active TB among PWH
with latent TB infection [9–12]. However, the use of
INH among persons who engage in heavy drinking is
problematic due to the increased risk of hepatotoxicity
from dual injury. Most INH-associated hepatoxicity is
reversible by stopping therapy, but liver injury can lead
to liver failure [13]. As a result, in many settings with a
high prevalence of TB and HIV where routine monitor-
ing for liver toxicity is challenging, such as in Uganda,
national guidelines list heavy alcohol use as a contraindi-
cation for INH use [14]. Furthermore, heavy alcohol use
has been shown to reduce adherence to medications, in-
cluding antiretroviral treatment [15–18], and there is
evidence of high rates of INH discontinuation in persons
who engage in heavy drinking [19–24]. Thus, interven-
tions are needed to both decrease alcohol use and in-
crease INH adherence in this high-risk population,
which together would lead to reductions in INH toxicity,
TB morbidity, and mortality.
The use of incentives, in the form of “contingency manage-

ment” strategies that provide monetary rewards (cash,
vouchers, etc.) contingent on the achievement of desired be-
haviors, has been shown to be highly effective for reducing
substance use, including alcohol use [25, 26]. There is also
some evidence that incentive-based interventions can be
used to improve medication adherence [27, 28]. These ap-
proaches, which are motivated by theoretical insights from
economics and psychology, provide a rationale for offering fi-
nancial incentives to individuals for undertaking a targeted
behavior, e.g., alcohol abstinence or medication adherence.
Such incentive strategies may create a window for safe and
effective INH use by decreasing hepatotoxicity and increasing
INH adherence. However, the potential benefits of financial
incentives to reduce alcohol use or to increase INH
adherence among persons co-infected with HIV and TB
in resource-limited settings have not been explored to
date due to the previous lack of rapid, objective, and
reliable tests to monitor these behaviors. These tests
are now available.

Recent technological advances allow for point-of-care
(POC) urine testing to measure alcohol use with an ethyl
glucuronide (EtG) dipstick. The test provides a positive
result up to 3 days after heavy drinking [29, 30]. Add-
itionally, the INH IsoScreen urine test can test for INH
use in the last 24 h [31]. These two tests create an op-
portunity to test incentive-based interventions using ob-
jective and rapid metrics during INH therapy among
PWH who engage in heavy drinking.
Here we describe the protocol of the Drinkers’ Inter-

vention to Prevent TB (DIPT) randomized controlled
trial which is designed to determine if incentive-based
approaches can reduce alcohol use and improve medica-
tion adherence (measured objectively) to INH in PWH
co-infected with TB who engage in heavy drinking in
Uganda. This study will provide new information on
low-cost strategies to both reduce alcohol use and in-
crease INH adherence during 6 months of IPT in low-
income countries.

Trial design and setting
DIPT is a randomized, 2×2 factorial trial among adults
co-infected with HIV/TB and who are heavy alcohol
users in southwestern Uganda. This region has an HIV
prevalence of 8% [32], and TB infection prevalence is es-
timated at 28–50% [33, 34]. The study will be conducted
at participating clinics in an urban setting (Mbarara
town) and two rural settings (Rugazi and Ruhoko).
Figure 1 summarizes the study design of the trial. Eli-

gible participants receive 6 months of INH and are ran-
domly allocated to one of the following four arms: Arm
1: no incentives (control), Arm 2: financial incentives
contingent on low alcohol use at INH refill visits, Arm 3:
financial incentives contingent on high INH adherence
at INH refill visits, and Arm 4: financial incentives con-
tingent on decreasing alcohol use and on increasing
INH adherence (rewarded independently). Low alcohol
use is measured via a negative POC ethyl glucuronide
(EtG) urine test (EtG is a metabolite of alcohol use that
can be detected in urine for up to 2 to 3 days after heavy
drinking [31]) defined as EtG<300 ng/mL. High adherence
to INH is measured via a positive POC IsoScreen test, a
marker for INH ingestion in the prior 24 h [35, 36].

Objectives
The DIPT trial is designed to achieve two aims. Aim 1: To
determine the effectiveness of financial incentives contingent
on low alcohol use (Arms 2 and 4) versus no alcohol incen-
tives (Arms 1 and 3) to reduce heavy drinking during the
course of INH treatment. The primary hypothesis for Aim 1
is that participants receiving incentives for negative urine
EtG testing will have lower alcohol use, determined via a
medium-term alcohol biomarker during INH, compared to
participants receiving no alcohol incentives. Aim 2: To
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determine the effectiveness of financial incentives contingent
on high INH adherence (Arms 3 and 4) versus no INH ad-
herence incentives (Arms 1 and 2) to increase INH adher-
ence during a 6-month IPT course. The primary hypothesis
for Aim 2 is that participants receiving INH adherence
incentives will have better adherence to INH, determined via
objective monitoring, than participants receiving no INH
adherence incentives.

Methods: participants, interventions, and
outcomes
Recruitment and eligibility criteria
Participants who report any alcohol use at clinic visits
for HIV care are recruited from the participating clinics.
In all sites of enrollment, a clinic staff member, who is
also a member of the research team, solicits participa-
tion of persons with HIV aged ≥ 18 years, who report al-
cohol use, have been on ART for at least 6 months, and
have no previous history of TB, TB treatment, or TB
preventative therapy. In addition, potential participants
must be fluent in Runyankole or English (the two most
widely spoken languages in the area), be living within a
2-h driving distance or 60 km of the study site, and have
no plans to move out of the catchment area within 6
months. These individuals will be invited to take part in
the screening process. On the same day, they provide a
urine test and a blood sample; they are screened for
active TB disease based on the WHO 4-symptoms
screen assessment [37]; and they receive a tuberculin

skin test (TST) for latent TB infection. Patients are then
asked to return in 2 days for the TST reading.
Eligible participants for the trial are those who (1) self-

report current heavy alcohol use defined by the Alcohol
Use Disorder Identifier Test-Consumption (AUDIT-C)
positivity (≥3 for women, ≥4 for men) for the prior 3
months and have a positive urine EtG test, (2) have la-
tent TB infection defined as a positive TST test (≥5 mm
induration), and (3) have normal liver enzymes defined
as aspartate aminotransferase [AST] and alanine amino-
transferase [ALT] less than twice the upper limit of
normal.
Ineligible participants are women with a same day

positive pregnancy test result (given evidence of in-
creased risk of adverse pregnancy outcomes among
women living with HIV taking INH during pregnancy
compared to women living with HIV who initiated INH
post-partum [38]), individuals who were prescribed anti-
convulsion medications or with history of recurring sei-
zures (in accordance with Uganda Ministry of Health
guidelines, given concerns for INH resulting in reduced
seizure threshold, a rare adverse effect [39]), and individ-
uals whose gross inebriation prevented them from pro-
viding informed consent. The study will also exclude
individuals who were prescribed nevirapine in the past 3
months due to the hepatoxicity of this antiretroviral
drug and those who started dolutegravir in the past 3
months, in accordance with Uganda Ministry of Health
guidelines. Individuals who are not eligible for the study
may return to be screened again after 3 months.

Fig. 1 Schematic of study design and aims of the Drinkers’ Intervention to Prevent TB (DIPT) trial
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Ethics and consent
When initially approached by the study staff, potential
participants are given an introduction to the purpose of
the study and the reasons that they have been
approached for participation. There are separate consent
forms for the screening procedures and for participating
in the trial once eligibility is established. Informed con-
sent documents are available in English and the local
dialect (Runyankole). Participants will be informed of
their right to not enroll and to withdraw from the study
at any time. The potential risks associated with the study
include risks due to INH, loss of confidentiality, stress
from the study interview, and risks associated with blood
draws. On the consent form, participants will be in-
formed that only members of the research study team
will have access to personal data collected during the
trial and if information from the study is published or
presented at scientific meetings, participant names or
other personal identifying information will not be used.
Each participant will be assigned a unique trial identifier,
which will be used on all research documents to protect
his/her identity and to ensure anonymity for the statis-
tical analyses.

Intervention description
Immediately after randomization, all participants will
initiate a 6-month course of INH and will receive pyri-
doxine (B6), as well as brief alcohol and adherence coun-
seling according to the Ugandan Ministry of Health
guidelines [40]. INH will be dispensed in pill bottles with
medication event monitoring system caps. Participants
randomized to the three financial incentive arms will
provide a urine sample for the study arm-appropriate
testing at each refill visit. Participants randomized to al-
cohol reduction incentives (Arms 2 and 4) who have a
negative urine EtG test will instantly win cash prizes by
drawing one or more lottery scratch cards. The lottery
scratch card will reveal low-, medium-, and high-value
cash prizes. The number of lottery scratch cards
awarded per participant will increase by one card at each
subsequent visit with a negative urine EtG result,
thereby providing an escalating prize incentive for sus-
tained reductions in alcohol use. If a participant has a
positive urine EtG test, no lottery scratch cards will be
given, and the participant will “reset” to drawing one lot-
tery card if the urine is EtG negative at the subsequent
visit. Escalating incentives with a “reset” were chosen to
offer greater reward for continuous, rather than inter-
mittent, reductions in alcohol use during INH and to
elicit loss aversion (i.e., fear of losing what one has
gained) [41–43].
Similarly, participants randomized to receive INH ad-

herence incentives (Arms 3 and 4) who have a positive
urine IsoScreen test will win a prize by drawing one or

more lottery cards using an escalating prize incentive de-
sign identical to the incentives for decreasing alcohol
use. Participants randomized to receive both interven-
tions (Arm 4) will be eligible to receive lottery card
draws separately for each EtG and IsoScreen test and
cash prizes will be awarded independently.
Cash prize values were chosen during a preparatory phase

in consultation with community members and clinic staff at
each site. Prize values that are too low might be insufficient
to reinforce reductions in heavy drinking or adherence to
INH, while prize values that are too high might decrease
generalizability to real-world settings. We will limit low-value
prizes to no more than US $5, representative of 1 week’s
worth of wages in rural Uganda [44]. We will limit high-
value prizes to no more than 10 times the low-value amount
(US $50). Medium prizes will range in value between the
low- and high-value amount. All lottery cards will have at
least a low-value prize and the probabilities of winning will
range from 1 to 5% for high-value prizes and 5 to 10% for
medium-value prizes. If a participant misses a monthly visit,
the incentive scheme will reset to baseline (drawing one
lottery card only if the incentive condition is met).
Participants who are recommended to stop INH treatment

due to toxicity or pregnancy will remain in the study follow-
ing treatment discontinuation for follow-up monitoring.
They will no longer be eligible to receive incentives for posi-
tive IsoScreen urine tests if they are in study arms 3 and 4,
but will still be eligible to receive incentives from EtG testing
if they are in study arms 2 or 4.
All participants will remain on their antiretroviral

treatment medication or other concomitant medications
for other comorbidities during the study period.

Participant timeline and procedures
Figure 2 illustrates the participant flow throughout the
trial. Table 1 summarizes the data collected at study
visits. After a participant is enrolled in the trial and con-
sented, a 45-min interviewer-administered survey and a
blood draw will occur. The survey is used to assess par-
ticipant characteristics including demographics, mental
and physical health, alcohol use, and self-reported adher-
ence to antiretroviral therapy (ART). The blood draw is
used to measure phosphatidylethanol (PEth), CD4 count,
and HIV viral load. These will be used to describe the
study population and to assess potential post-
randomization imbalance (Table 1). PEth is extracted
from dried blood spots and levels measured using LC/
MS-MS for the 16:0/18:1 homologue [58]. HIV viral load
is measured using a Cepheid Xpert HIV-1 RNA assay
run on an existing GeneXpert platform in Mbarara,
Uganda. This assay has been validated relative to the
Abbott RealTime HIV-1 assay.
Visits for INH refills will occur at week 2 and at months

1 to 6 for all study participants (Fig. 2). During these visits,
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Fig. 2 Schedule of enrolment, interventions, and assessments

Table 1 Description of patient characteristics collected at baseline and at follow-up visits

Domain Time of measurement Individual variables

Demographics Baseline Age, sex, religion, household assets [45], and literacy

Health Baseline Medical Outcomes Study-HIV scale for quality of life and overall physical and mental health functioning
[46–50], body mass index, CD4 cell count, active hepatitis B viral infection, smoking, and duration on
ART, age first alcohol use, diagnostic and statistical manual (DSM)-5 alcohol criteria [51]

Alcohol use Baseline, 3-, 6-, and 12-
month visits

AUDIT, AUDIT-C, drinking patterns (days of the week), drinking locations, companions, and days of the
week, frequency of alcohol intoxication, type of alcohol, 30-day timeline follow-back [52], biological
measure (phosphatidylethanol (PEth))

INH adherence Each refill visit Number of MEMS openings, hair collection for INH level (at 3- and 6-month visits only)

INH side effects Each refill visit AST and ALT testing

ART adherence Baseline, 3, 6, and 12
months

ART adherence Single Item Rating Scale [53, 54], visual analog scale, viral suppression

Psychosocial scales Baseline Center for Epidemiologic Studies Depression Scale (16 items) [55], Stages of Change Treatment
Eagerness Scale (19 items) [56]

Discount rate
(high vs. low)

Baseline Time preferences (a measure of present bias and temporal discounting, i.e., tendencies towards instant
versus delayed gratification) [57]
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the participants will be assessed for liver toxicity, through
screening for side effects and same day liver enzyme test-
ing (ALT and AST). Urine samples will be collected and
prizes will be distributed according to the goals of the par-
ticipants’ intervention group. A urine pregnancy test will
be given at the refill follow-up visits to all women of child-
bearing age who report they might be pregnant. All partic-
ipants will be assessed for active TB based on the WHO
4-symptom screen at each visit, with further testing for
those with positive symptoms. Those diagnosed with ac-
tive TB will be offered TB treatment at their local TB
clinic and disenrolled from the trial.
Follow-up structured interviews assessing alcohol use

(AUDIT-C) and other covariates and secondary out-
comes, and blood collection for PEth testing will occur
at the 3-, 6-, and 12-month visits. HIV viral load will be
measured at 6 and 12 months. Hair samples will be col-
lected at 3- and 6-month visits for all participants to
measure long-term INH concentrations [59]. Adherence
will be measured at all refill visits through assessing bot-
tle openings using a medication event monitoring system
(MEMS).

Retention
Follow-up phone calls, home visits when needed, and re-
imbursement for travel expenses of up to $5 for attend-
ing the study visits will be used to promote high
retention for participants in all study arms, including
controls.

Primary outcomes
The study has two primary outcomes, one for each aim.
The primary outcome for Aim 1 (i.e., to estimate the ef-
fect of incentives contingent on negative urine EtG tests)
will be no heavy alcohol consumption over the 6 months
of INH preventive therapy. This will be measured as a
composite outcome of both PEth <35 ng/mL and nega-
tive AUDIT-C score at both the 3- and 6-month visits.
PEth is a highly specific long-term marker for alcohol
consumption that remains positive several weeks after
heavy drinking. The AUDIT-C score, a measure of heavy
drinking based on self-report, comprises a range for typ-
ical numbers of drinks and frequency of heavy drinking.
For this study, we will modify the AUDIT-C score to
cover the prior 3 months as opposed to the past 12
months (i.e., the window used in the original AUDIT-C
score definition) to better capture current drinking [60,
61]. We will use standard cutoffs (≥3 for women and ≥4
for men) to define heavy drinking.
The primary outcome for Aim 2 (i.e., to estimate the

effect of incentives contingent on a positive IsoScreen test)
will be INH adherence measured as >90% pill-taking days
by MEMS cap opening during the 6-month course of
INH. MEMS adherence will be calculated as the number

of pill bottle openings (no more than 1 per day counted)
divided by the number of prescribed doses (180, unless
the participant discontinued the medication).

Secondary outcomes
We will examine other measures of heavy drinking as
secondary outcomes for Aim 1 including self-reported
number of drinking days in the prior 30 days, number of
heavy drinking days (defined as ≥4 drinks/occasion and
≥5 drinks/occasion for women and men, respectively),
and PEth as a continuous variable.
We will examine other measures of INH adherence as

secondary outcomes for Aim 2 including drug concen-
tration (ng/mg) in small hair samples at 3 and 6 months
and MEMS-measured adherence as a continuous vari-
able. Hair levels of INH measure long-term and cumula-
tive exposure to INH and can be used to determine if
short-term increases in adherence translate to sustained
changes in behavior [62].
Another secondary outcome will be treatment discon-

tinuation due to grade 3 or grade 4 hepatoxicity at any
time while receiving INH. Grade 3/4 hepatoxicity will be
defined as ALT or AST>3–5 times the upper limit of
normal (ULN) and symptoms (nausea, vomiting, jaun-
dice, or fatigue) or ALT and AST>5× ULN regardless of
symptoms [11].
We will estimate the impact of financial incentives on

HIV virologic suppression defined as an undetectable
plasma HIV viral load at the 12-month visit and active
TB during the 12 months of follow-up. Active TB will
be defined as confirmed (if Xpert MTB/RIF assay posi-
tive) or suspected (based on chest x-ray findings or re-
sponse to anti-TB treatment in a symptomatic and
Xpert assay negative person).

Sample size
With 680 enrolled participants (170 participants per
arm), assuming 10% loss to follow-up, we anticipate that
612 participants will complete both the 3- and 6-month
visits. For a 2-sided chi-square test with continuity cor-
rection and a significance level of 0.05, this sample size
gives our study an 80% power to detect a 10% absolute
difference in proportions with no heavy drinking be-
tween participants randomized to alcohol incentives
(Arms 2 and 4) versus no alcohol incentive (Arms 1 and
3), assuming proportions of no heavy drinking of 25%
and 15% for alcohol incentives and non no alcohol in-
centives, respectively.
Based on previous studies [24, 63], we expect poor

completion of the INH course among PWH with heavy
alcohol drinking, i.e., 62% vs. 50% in the INH adherence
incentive group (Arms 1 and 4) and in the no INH ad-
herence incentive group (Arms 2 and 3), respectively.
Based on these assumptions, the study has 80% power to
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detect an absolute difference of 12% in the proportions
with >90% of INH pills consumed using a chi-square test
with continuity correction.

Random allocation
After eligibility is determined and baseline assessments
and blood draws are completed, participants are enrolled
and randomized to one of the four intervention groups.
Randomization is 1:1:1:1, stratified by gender and by
study site. Permuted blocks with random block sizes of 4
and 8 are used to ensure balance with respect to the
number of participants in each arm while making treat-
ment assignment completely unpredictable [64]. To en-
gage participants during the randomization process and
provide transparency, we use pre-printed scratch cards
revealing the randomization arm when scratched by a
participant, after the participant draws their scratch card
from a bag containing multiple cards.

Blinding and limitation of risk of bias
This is an open-label study, as it is impossible to blind
participants or research assistants to the study arm due
to the nature of the interventions and financial rewards.
However, the study arm is not revealed to clinic coun-
selors or clinicians so all study arms will receive the
same standard counseling and clinical procedures. The
determination of the primary outcomes will be based on
objective measures of heavy alcohol drinking and adher-
ence and are thus unlikely to be subjected to bias. The
statistician will be blinded to the intervention group
allocation of participants during the analysis stage.

Data collection and management
Data entry, data management, and quality assurance are
conducted at the four study sites. However, all standard
operating procedures for study assessment and data col-
lection are identical across the study sites. The data
management team will monitor data quality and track
and link the multiple data sources. The team has jointly
developed the data collection forms, designed the data-
base management system for data entry and for partici-
pant tracking, and implemented procedures for quality
control, and they will collaborate on report writing and
the presentation of study results.
Data will be collected and recorded by research assis-

tants using password-protected laptop computers. Elec-
tronic data collection forms provide clear instructions to
guide data entry and include preprogrammed skip
patterns, real-time range checks, and internal logic to
minimize missing data. The questionnaire data, assess-
ment of side effects at refill visits, and laboratory results
are entered into laptop computers in Uganda while
offline and later uploaded to a secure server at the
University of California San Francisco (UCSF). The

MEMS adherence data are uploaded at least monthly.
Hair levels are analyzed in the UCSF Hair Analytical La-
boratory (HAL) and the data will be uploaded locally.
Tracking information is entered into a database that
generates reminders for all follow-up visits. The data-
bases are located on secure, password-protected servers
in Uganda and the USA.
At each site, all data will undergo weekly checks for

completeness and range criteria, including multiple
checks for entered data. Electronic data will be collected
using password-protected laptop computers, and the
study database will be located on secure, password-
protected servers in Uganda and the USA.

Statistical analysis
For the primary outcomes, we will estimate the
intention-to-treat effect by including all participants ac-
cording to their randomized intervention. We will com-
pute descriptive statistics on baseline variables overall
and by randomization group to characterize the study
population and to detect any baseline imbalance. For
continuous measures, we will report the mean, standard
deviation, median, interquartile range, and the minimum
and maximum. For categorical data, we will report
counts and percentages.
For Aim 1, we will use multiple logistic regression

models to determine the proportion of participants with
no heavy drinking during INH where the main inde-
pendent variable is a binary indicator representing as-
signment to financial incentives for decreasing alcohol
use (yes versus no) while adjusting for incentives for
INH adherence. Similarly, for Aim 2, we will use a mul-
tiple logistic regression model to assess the proportion
achieving high INH adherence where the main inde-
pendent variable is a binary indicator representing as-
signment to financial incentives for increasing adherence
to INH (yes versus no) while adjusting for incentives for
alcohol reduction. All models will be adjusted for the
randomization stratification factors (gender and study
cohort) to improve efficiency. We will also adjust for
baseline characteristics that differ by study arm despite
randomization.
We will use similar methods for other binary second-

ary outcomes. We will fit linear regression models to
examine continuous secondary outcomes including
PEth, hair levels of INH, and percentage doses taken
over 6 months based on MEMS. We will explore trans-
formations for variables that are not normally distrib-
uted. If an appropriate transformation is not identified,
median regression models will be used.
We will use multiple logistic regression models to as-

sess the proportion of participants with HIV virologic
suppression at the 12-month visit (a secondary outcome)
where the main independent variable will be a
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categorical variable for the assigned incentive interven-
tion. We will conduct three pairwise comparisons to es-
timate the effect of each of the three separate incentive
interventions (Arms 2, 3, and 4) versus no incentives
(Arm 1) and will adjust for multiple comparisons using
the Hochberg sequential test procedure [65] to keep the
overall family-wise error at 0.05.
Mediation analysis methods will explore the role of alco-

hol use and level of IPT adherence as potential mediators
that may drive the interventions to improve HIV virologic
suppression. More specifically, we will use methods for
mediation analysis to derive the direct and indirect effects
of the incentives for the primary outcomes while allowing
for exposure-mediator interactions [66–72].
As exploratory analyses, for Aims 1 and 2, we will

check for the presence of intervention-by-time inter-
action by conducting separate analyses at months 3 and
6. We will use generalized estimating equations with an
independent working correlation matrix for binary out-
comes and random effect models for continuous out-
comes. In case of missing data, we will employ a number
of methods including multiple imputations to assess the
sensitivity of the results. Finally, we will conduct sub-
group analyses to explore whether sex, baseline alcohol
use, readiness to change, and discount rate act as effect
modifiers between financial incentives and the primary
outcomes.
No interim efficacy or futility analyses are planned be-

cause the primary risk, hepatotoxicity, will be examined
by the investigators and the data and safety monitoring
board on an ongoing basis.
We will follow the CONSORT statement guidelines in

reporting. We will use the statistical software STATA to
carry out the analyses and P-value <0.05 will be consid-
ered as statistically significant.

Monitoring
The study team, including the project directors, statisti-
cian, co-investigators, field coordinators, and research
assistants, led by the Principal Investigators, will monitor
the progress of the study, participant recruitment, ac-
crual, and retention at twice monthly conference call
meetings. All adverse events (AE) will be discussed. They
will also examine factors external to the study when
interpreting the data, such as scientific developments or
the new availability of information that could impact the
safety of the participants, such as new pertinent FDA
Drug and Safety Announcements, the performance of
the study, or the ethics of the study.
To ensure the safety of the participants, the integrity

of the data, and quality and scientific validity of the
study, all safety data are reviewed every 6 months by an
independent data safety monitoring board (DSMB) ex-
ternal to the study team and the sponsor (National

Institute of Health). Specifically, the DSMB reviews the
plans and processes for identifying individual or patterns
of adverse events and review accumulating safety data.
Following each meeting, the DSMB makes recommenda-
tions on the continuation, modification, or termination
of the study.
Day-to-day data and safety monitoring will be the re-

sponsibility of the Principal Investigators and will follow
guidelines set forth by the IRB regarding AEs. AEs will
be reported to the IRBs within 10 days of awareness of
the event. AEs will be monitored for each subject par-
ticipating in the study and attributed to the study inter-
vention by the Principal Investigator with review by the
physicians/co-investigators according to the following
categories: definite, probable, possible, unlikely, and un-
related. Serious adverse events (SAEs) will also be re-
ported to IRB as well as to the National Health Institute
(NIH) within 2 days. An annual report of all AEs will be
submitted to the National Institute of Alcohol Abuse
and Alcoholism (NIAAA).

Qualitative study to examine potential pathways
of intervention action
As a complement to the trial, we will conduct a cross-
sectional qualitative study consisting of individual, in-
depth, semi-structured interviews with study participants
and family members to gain an in-depth understanding
of how and why financial incentives are instrumental in
promoting a decrease in alcohol use and INH adherence
(or why not, if they fail to do so in some cases or set-
tings). We also aim to identify any potential collateral
impacts on or changes in health behaviors that are com-
plementary to the main study outcomes, including HIV
risk behavior, ART adherence, financial well-being,
interpersonal relationship dynamics including intimate
partner and domestic violence, and health protective be-
haviors. An initial sample of 32 study participants com-
pleting their 6-month visit will be systematically selected
for recruitment from the DIPT study population, from
randomly generated lists of participants within the strata
of study site, study arm, and gender (with a target of
25% women, reflective of the population of HIV/TB in-
fected who engage in heavy drinking). The selected par-
ticipants will be asked to invite either a spouse or a close
family member, who is aware of the participant’s study
activities, to engage in a separate in-depth interview. We
will interview spouses/family members separately, with
the goal of recruiting a sample of at least 16, but up to
32 spouses/family members, stratified to be composed of
approximately even proportions across study sites and
arms as well as gender. Consistent with theoretical sam-
pling approaches [73], if we determine during the initial
data analysis phase that data have not attained an ad-
equate level of theoretical saturation with the above
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samples, up to 16 additional study participants may be
selected according to theoretically salient categories as
needed, time and resources permitting.
The in-depth interviews will be conducted by a Ugan-

dan research assistant (RA) trained in qualitative re-
search methods, who will pursue pre-determined lines of
questioning to ensure both that all topics are covered
allowing participants to discuss topics salient to the
study and that the data can be effectively analyzed. The
interviews will be audio-recorded, transcribed, and then
translated into English by the RA jointly with a trans-
criptionist. The RA will also produce brief summary
notes on the same day in which the data are collected.
The interview guide will be designed to elicit partici-
pants’ attitudes, beliefs about, and experiences with
heavy drinking and INH and ART adherence, including
an exploration of the barriers and facilitators of behav-
iors, and how these may have changed during the inter-
vention. We will explore attributions for perceived
change, including questions about the study visits and
incentives, and how they affected (or did not affect) the
outcomes. We will explore how the incentives were per-
ceived by their partners and family members, whether
and how the incentives affected relationship quality, and
participants’ alcohol use and INH and ART adherence.
We will allow for open exploration of additional media-
tors of change related to the incentives.
A second area of inquiry will examine whether and

how beliefs, attitudes, and experiences related to second-
ary social/behavioral outcomes, including sexual risk be-
havior, domestic violence, employment and savings
gains, social standing, and appointment keeping, were
impacted by the intervention. We will explore whether
and how anything else in their life (or their partner’s life)
has changed that they attribute to the intervention ex-
perience. We will also explore whether and how second-
ary benefits (when they occurred) fed back into
motivation and the ability to reduce alcohol use and
maintain medication adherence. We will further explore
any unintended consequences or unforeseen other posi-
tive or negative effects of the intervention on the partici-
pants’ lives.
Interview transcripts and notes will be analyzed using

a hybrid deductive and inductive analysis method in-
formed by constructivist grounded theory [73] and a sys-
tematic interpretivist approach in the domain of theory-
generative research [74], which involves both “abductive”
and “inductive” analyses of empirical data and produc-
tion of findings, to foster theory construction and gener-
ate new explanatory hypotheses. In this method, the
study team will iteratively code and analyze the data on
the basis of an a priori theory-based coding framework,
which is subsequently adapted and refined at defined in-
tervals on the basis of empirical findings. We will use a

qualitative analysis software program for textual analysis
that facilitates team-based collaborative coding, to assist
with organizing the data. An initial coding framework
will be developed by the lead investigator and iteratively
refined at defined periods during data collection by the
investigators and field team. The team will also discuss
and resolve divergent coding and interpretations of find-
ings as a group, both to ensure consistency (inter-coder
reliability) and to review unexpected but salient findings
as they emerge in the data. Contradictions, inconsisten-
cies, and deviant cases in the data will be discussed and
notated in the analysis process. At the final stage of ana-
lysis, analytical memoranda will be produced outlining
the emergent themes with supportive evidence to
characterize pathways of intervention action, with atten-
tion to contradictory evidence and deviant cases.

Discussion
The DIPT 2×2 factorial randomized controlled trial will
examine the effect of financial incentives to decrease al-
cohol consumption and to increase INH adherence and
HIV virologic suppression among PWH with TB co-
infection who engage in heavy alcohol drinking in
Uganda. This trial will contribute to the identification of
effective interventions to facilitate TB prevention in a
very high-risk population and is, therefore, well-aligned
with the WHO End TB guidance calling for treatment
for all people with TB [75].
Financial incentives have been effective in promoting

behavior change in various health domains. The targeted
behaviors have included reductions in substance use [76]
and HIV prevention behaviors such as HIV testing [77]
and medical male circumcision [78]. Options for redu-
cing alcohol use and preventing TB are currently lacking
for PWH who engage in heavy alcohol drinking in
resource-limited settings [79]. Indeed, PWH with heavy
drinking are often excluded from receiving IPT. If
proven effective, our interventions will offer a potentially
scalable tool for reducing heavy alcohol use, preventing
TB, and possibly improving ART adherence in a subset
of PWH at high risk for poor outcomes in Uganda and
other settings with high prevalence of HIV and TB.
The study will leverage the availability of newly avail-

able objective, POC tests for alcohol use and INH adher-
ence in resource-limited settings. These tests allow for
the implementation of financial incentive interventions
conditioned on and aimed at promoting reductions in
alcohol use and adherence to INH. The work we de-
scribe has already launched and we are in the first year
of successful recruitment and follow-up, suggesting that
the use of the POC tests and the intervention are feas-
ible in clinical practice and acceptable to participants.
In low-income settings, INH is typically not recom-

mended for persons with latent TB who engage in heavy
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drinking due to the high risk of liver toxicity in this
population [80]. The high risk of hepatotoxicity is exac-
erbated by the lack of availability of routine laboratory
tests for liver enzymes (AST and ALT) [81]. Because of
this, little is known on the frequency and severity of side
effects and on the level of adherence to INH in this im-
portant group. The DIPT trial will provide an opportun-
ity to characterize side effects of INH, while ensuring
patient safety through monthly monitoring for liver en-
zymes. However, our control group will be screened for
side effects more intensively than in the standard of care
in Uganda, particularly because most side effects are ex-
pected to be mild and reversible and typically, not
detectable without liver enzyme monitoring.
The study has some limitations. First, the study is not

double blinded and individuals randomized to different
groups might also have different expectations that affect
their participation in the trial. Second, because individ-
uals with liver toxicity or inebriation at screening are
not eligible, our study population might be more likely
to exclude people with very severe drinking. Finally, new
TB preventive therapy regimens (e.g., using combina-
tions of INH and rifapentine or rifampin monotherapy)
of shorter duration than IPT might offer advantages in
reducing duration of treatment and improving adher-
ence, but they are not being assessed in this study. How-
ever, the risk of INH and alcohol-related hepatotoxicity
suggests a future utility of this intervention for the other
regimens.

Trial status
Protocol version 1.5, May 2, 2018. Recruitment is on-
going. Recruitment started on April 16, 2018. As of
August 18, 2020, 3520 individuals have screened for eli-
gibility at the study sites and 485 were enrolled into the
trial and randomized. A total of 316 individuals have
completed their INH course and 262 have attended the
12-month visit. The qualitative study started in June
2020. The trial is registered under protocol number
NCT03492216 in clinicaltrials.gov.
Study activities were paused on March 19, 2020, due

to a lockdown enforced by the Ugandan government in
response to the COVID-19 pandemic. During this time,
all research activities were stopped and participants on
INH were contacted and instructed to stop taking their
INH pills immediately, as there were no means to effect-
ively monitor for liver toxicity. Study visits resumed on
May 26, 2020, and enrollment resumed on June 16,
2020. Due to the COVID-19 pandemic, the anticipated
end of recruitment date, February 28, 2021, has been
postponed. We now expect to enroll the target sample
size in August 2021 and plan to conclude follow-up in
August 2022.
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