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Abstract

The delivery of monetary incentives contingent on verified abstinence is an effective treatment

for alcohol use disorder. However, incentive cost has often been cited as a barrier to delivering
this type of treatment. In the present randomized parallel groups trial, we systematically replicated
a previous trial we conducted that employed remote alcohol monitoring and incentive delivery

to promote abstinence from alcohol, but with the additional requirement for participants to
partially self-fund their abstinence incentives. Treatment-seeking participants with alcohol use
disorder (n = 92) who met inclusion criteria (n = 36) were randomized to either a Contingent

or Noncontingent group (n = 18 each). Those not meeting inclusion criteria included 15
participants who agreed to the deposit requirement but failed to make the deposit payment.

The Contingent group received nearly immediate monetary incentives each day they remotely
provided negative breathalyzer samples. The Noncontingent group received matched incentives
each day they successfully provided samples independent of alcohol content. Days abstinent in
the Contingent group were 86%, which was significantly higher than the 44% recorded in the
Noncontingent group, corresponding to an odds ratio of 8.2. Exploratory analyses revealed that the
deposit requirement prevented participation in those with lower incomes and those with greater
alcohol use. These results support the efficacy of this remotely deliverable alcohol abstinence
reinforcement incentive intervention with a deposit requirement. However, the requirement to
provide a monetary deposit to self-fund abstinence incentives may prevent those with greater
alcohol use and/or those experiencing extreme poverty from participating in the intervention.

Keywords
alcohol use disorder; contingency management; incentives; poverty; deposit contracts

Lifetime prevalence of DSM-5 alcohol use disorder in the United States is 29%, but only
20 to 24% of people with alcohol use disorder ever seek treatment (Grant et al., 2015;
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Hasin et al., 2007). This leaves over 20% of the US adult population — 10s of millions of
people — with untreated alcohol use disorder at some point in their lives. The most prevalent
reasons given for not seeking treatment relate to an inability or unwillingness (e.g., due to
stigmatization) to attend traditional in-person treatment (Cohen et al., 2007). Additionally,
situational factors such as the COVID-19 pandemic, rural location, disability, or poverty can
impair access to treatment services that rely on in-person interactions among providers and
clients.

Contingency management is a highly efficacious treatment that reduces drug use (Higgins
et al., 2008). In contingency management treatments, a tangible reward (e.g., money) is
provided contingent upon a bout of verified treatment success (e.g., 24 hours of abstinence
from the target drug). Among those with alcohol use disorder (Bobova et al., 2009; Mitchell
et al., 2005; Petry, 2001) or another drug use disorder (Bickel & Marsch, 2001), delayed
outcomes have relatively little control over behavior. Immediately available reinforcers, such
as those in contingency management interventions, are more likely to promote positive
behavior than the delayed health or social gains associated with abstinence (Koffarnus et
al., 2011). We recently reported on a remote version of this protocol that used mobile
breathalyzers, cell phones, and reloadable debit cards to remotely monitor alcohol use and
incentivize abstinence with no in-person contact with participants during the intervention
(Koffarnus et al., 2018). In this intervention, the active treatment group who received
financial incentives contingent on negative breathalyzer submissions achieved 85% days of
the 21-day intervention period abstinent, significantly and substantially more than the 38%
days abstinent of the control group who received incentives for submissions independent of
alcohol use (Cohen’s deffect size = 1.7).

The incentive costs associated with contingency management interventions have been shown
to be a cost-effective treatment component (Sindelar et al., 2007), supporting the funding

of such incentives as a component of clinical care. Despite this, one proposed alternate
method of reducing the funding burden of these incentive costs is deposit contracts, which
consist of up-front money supplied by the participant (Bickel et al., 2014). The participant
earns the deposit back by succeeding in treatment, with the possibility of earning additional
funds beyond the deposit with continued success. Contracts work as a “precommitment
strategy” (Rachlin & Green, 1972) in that they move the decision point for engaging in
substance use from the time that drugs are present and available to a point in time days

or weeks prior to availability, increasing the likelihood of making and committing to the
delayed rewards associated with abstinence. Theoretically, by agreeing ahead of time to
forfeit money by drinking, the alcohol user changes the consequences of alcohol use from

a possibility of delayed negative consequences to a relatively immediate negative financial
consequence. Also, people are more sensitive to monetary losses than gains (Green &
Myerson, 2004; Kahneman & Tversky, 1979). Self-funded deposit contracts may increase
incentive effectiveness by encouraging participants to think of these incentives as reversing
the “loss” of the deposit contract instead of as gain supplied by the treatment provider.
Deposit contracts have been used in a number of contingency management interventions for
smoking cessation and weight loss, demonstrating the effectiveness of self-funded incentives
to promote behavior change and the willingness of some participants to deposit money
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toward their treatment (Bowers et al., 1987; Elliott & Tighe, 1968; John et al., 2011; Paxton,
1980, 1981, 1983; Volpp et al., 2008; Winett, 1973).

The present randomized parallel groups trial was designed to evaluate the effectiveness and
acceptability of a remotely delivered contingency management intervention with a deposit
contract requirement to partially fund the cost of the monetary incentives to be earned

in the intervention. Our first primary hypothesis was that this deposit contract variant of
this intervention would be effective at incentivizing abstinence from alcohol. Our second
primary goal was to assess acceptability of this intervention and determine if the deposit
contracts reduced costs. Furthermore, we kept all major design elements the same as our
previous trial without deposit contracts (Koffarnus et al., 2018) so that we could both
demonstrate the reproducibility of these results and make exploratory comparisons among
these two trials. Specifically, the current trial allowed us to draw conclusions about the
impact of the deposit contract requirement on the demographics of study inclusion rates.

Study Design

Participants

Procedures

This randomized parallel trial was split into two phases: a 7-day Monitoring Only phase and
a 21-day Treatment phase. Participants also completed six in-lab assessment sessions which
occurred immediately prior to the Monitoring Only phase; immediately after the Treatment
phase; and 1 month, 2 months, 3 months, and 6 months following the end of the Treatment
phase.

Participants were recruited from the community surrounding Roanoke, VA, primarily with
advertisements in public places and with targeted advertisements on websites such as
Facebook.com and Craigslist.com. Eligible participants were at least 18 years of age, met
DSM 5 criteria for alcohol use disorder, did not meet DSM criteria for other substance

use disorder (excluding caffeine, marijuana, and nicotine), scored below 23 on the Alcohol
Withdrawal Symptom Checklist (Pittman et al., 2007), indicated a willingness to provide a
$75 monetary deposit to be held in an incentive fund, and expressed a desire to cut down
or quit drinking. All participants provided written informed consent and this protocol was
monitored by the Virginia Tech Institutional Review Board (#14-715) and registered with
clinicaltrials.gov (NCT04182022).

Monitoring Only phase.—During this phase, participants were asked to provide daily
self-reports of previous-day drinking and current withdrawal symptoms via cell phone text
message (see Supplemental Figure S1 for the content of these messages). This occurred for
7 days with no other study intervention taking place. The first of these days was the consent
session during which participants were guided through the process. Each day, participants
were asked to report how many alcoholic drinks they consumed the previous day and

their current alcohol withdrawal symptom severity. We asked them about the previous day
alcohol use instead of the current day to best capture all drinks consumed each day without
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inconsistent response times complicating the measurement. Participants were allowed to
report this information at any time throughout the day but were encouraged through prompts
to do so in the morning to increase the likelihood of accurate recall of previous day use.
Participants received a reminder to report their previous-day drinking with text messages,
followed by a phone call if they did not contact us by early evening. For completing this
daily self-report, participants received a $1 adherence incentive. If a participant reported
any withdrawal symptoms (=2 on a scale from 0 [no symptoms] to 9 [severe symptoms]),
research staff called them and administered the Alcohol Withdrawal Symptom Checklist
(Pittman et al., 2007). If their score on this assessment indicated clinically significant
withdrawal symptoms, they were put in contact with the study physician to determine if

any medical intervention was necessary. The purpose for this baseline period was to verify
that recent alcohol use met patterns of heavy drinking and to determine if participants
would respond to text message prompts. At the end of this phase, participants who indicated
patterns of at least two heavy-drinking episodes (=4 drinks in one day for women, =5 drinks
for men) and successfully reported their level of drinking as requested on 5 of the 6 days
following consent were invited to continue in the study.

Randomization and masking.—At the end of the Monitoring Only phase, eligible
participants were randomly assigned to either the Contingent or Noncontingent group (even
allocation ratio between groups) with a computerized algorithm that biased the random
assignment to balance the groups on current alcohol use (average drinks per day during
baseline period), alcohol use history (years of self-reported heavy drinking), and current use
of outside treatment resources (measured with the Treatment Services Review, (McLellan,
Alterman, et al., 1992). The first two participants to enroll in the study were assigned to

the Contingent group to accommodate the yoking procedure (see group descriptions below).
Participants and research staff were not aware of the participants’ group assignment during
the Monitoring Only phase because group assignment had not yet occurred at this point,

but because knowledge of abstinence reinforcement contingencies and incentive schedule
was an integral part of the intervention, they were not masked during the Treatment phase.
Additionally, at the point of randomization, participants completed a second consent session
where they were provided with a detailed explanation of the contingencies relevant to

their own group. Contingencies for the other group were not described to participants. All
other information provided to participants was the same for both groups, which included
instruction to consider the first day of the Treatment phase as their ‘quit date’.

$75 participant-funded deposit.—During the second consent session when it was
determined that participants met eligibility criteria to proceed to the Treatment phase, a

$75 deposit was collected from participants. Participants were informed of this requirement
in all advertisements, during screening, and during both consent sessions. Participants had to
indicate they were willing to provide this deposit during both consent sessions to continue
with the study. Participants were allowed to fund this deposit with cash, a personal check,
with a personal debit card (including the payment card we supplied them to deliver study
incentives), or any combination of these. Credit card payments or third-party payments were
not accepted. At this point in the study, participants who completed all scheduled study
requirements had earned $52 in compensation, so a minimum of an additional $23 was
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required from the participants personal funds if they saved their study compensation and
used it toward the deposit requirement. Participants who were unable to provide the deposit
but expressed a desire to continue study participation were allowed up to one week to
‘pause’ the study and attempt to save the funds. Participants who still did not provide the
deposit after this week were discontinued from the study. Deposit payments were held in

a fund separate from the primary study fund, and the first $75 in incentives earned by the
participant following the deposit payment were paid to them from their own deposit.

Treatment phase.—Both groups were exposed to the same treatment events, but the
consequence for breathalyzer screens differed by group. The treatment period consisted of
21 consecutive days with three remote breathalyzer screens per day. During this 21-day
period as they did during the baseline period, participants self-reported their previous-day
alcohol use and current withdrawal symptoms daily in response to a text message and/or
phone call. Participants were provided with a prepaid cell phone (if necessary) at the
beginning of the study and a breathalyzer at the beginning of the Treatment phase.

Breathalyzer monitoring.—Alcohol use during the Treatment phase was monitored
remotely with thrice daily breathalyzer screens with a Soberlink (Soberlink Healthcare,
LLC, Cypress, CA, USA) SL2 breathalyzer. During breathalyzer assessments, a picture was
automatically taken of the user, which was compared to a reference picture taken at the onset
of the Treatment phase. The breathalyzer automatically uploaded the breathalyzer results
and the picture of the user to a centralized, secure website where the data were available

to research staff. Research staff monitored these results, verified that the picture matched

a reference picture for that participant if not approved by automatic facial recognition, and
informed the participant via text message of the consequences of the breathalyzer screen
(see Supplemental Figure S1 for the content of these messages). No images were unable to
be recognized by either automatic facial recognition or manual recognition by research staff,
and text-message feedback was sent as soon as possible after submissions were received and
typically within a 2-hour window post submission.

All participants completed breathalyzer assessments 3 times per day for 21 days.
Participants chose these times each day with guidance from research staff. Participants were
asked to choose an assessment time shortly after they usually awaken, shortly before they
go to bed at night, and once throughout the day. Chosen times could be between 5:00 am
and midnight and had to be separated by at least 6 hours. This ensured that the first and last
screens each day were at least 12 hours apart and the screens were distributed throughout
the waking hours. Participants were reminded via text message when a sample was to be
collected, and samples were accepted up to 15 minutes before the scheduled time and 60
minutes after the scheduled time. Both groups received a $1 adherence incentive payment
for each breathalyzer result submitted within the allowed 75-minute submission period,
regardless of the result of that test. This payment was to encourage participants to complete
screens, even if they had consumed alcohol that day.

Contingent group.—Participants in the Contingent group earned incentive payments

based on the results of the breathalyzer screens. Any BrAC reading = 0.02% or a missed
submission was considered a positive indicator of alcohol use. A participant that submitted
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three on-time negative samples in a given day earned an abstinence incentive payment that
escalated in value with each day of negative results. The first day a participant recorded all
negative samples, s/he received an abstinence incentive payment of $5. For each subsequent
day of negative samples, this daily payment increased by $1 to a maximum daily payment

of $25 if no alcohol use was recorded for all 21 days. In addition, the participant received

a $5 bonus for every third consecutive day of negative samples. A participant who never
recorded a positive sample and never missed a screen earned $350 in abstinence incentive
payments over three weeks. If a positive sample was recorded, the participant received no
breath-sample payments that day other than the $1 adherence incentive for each submitted
sample and their escalating pay schedule was reset to the base rate of $5. If, after a

positive sample, the participant recorded three consecutive days of negative samples, their
contingency payment reverted back to the value it was before being reset. This escalating
system of payments with bonuses and pay resets for positive samples was based on previous
contingency management interventions where it was shown to be more highly effective (Roll
& Higgins, 2000; Roll et al., 1996), including our (Koffarnus et al., 2018) and others’ studies
of alcohol use (Barnett et al., 2011), and remote monitoring of smoking (Dallery & Raiff,
2011).

Noncontingent group.—L.ike the Contingent group, the Noncontingent group was
required to submit 3 breathalyzer samples per day and received a $1 adherence incentive for
each submitted sample. They also received incentive payments, but the payments received
were not contingent on their breathalyzer results. Instead, Noncontingent participants were
yoked to a completed participant in the Contingent group and received a payment equal

to the payment the Contingent participant would have received on that study day if s/he
submitted negative samples. This way, both groups experienced the same payment schedule
with the same likelihood of pay increases, bonuses, and pay resets, isolating the contingency
tying the payments to breathalyzer results for comparison between the groups.

Remote delivery of payments.—To allow for incentive payments that were both
convenient and rapidly available, we delivered payments to participants with reloadable
prepaid debit cards through Greenphire® ClinCard® (King of Prussia, PA, USA). As
payments were earned during the course of the study, additional funds were added to the
account for that participant. Funds were immediately available when added and research
staff sent participants a text message notifying them of payments when they were added (see
Supplemental Figure S1 for the content of these messages).

Assessment sessions.—Assessment sessions included various behavioral assessments
and questionnaires related to alcohol use and associated cognitive processes and were
repeated at the study consent, the day after the treatment phase ended, and at 1-, 2-, 3-, and
6-month post-treatment follow-ups. The time-line follow-back (TLFB) assessment (Sobell
& Sobell, 1992) was used to assess daily drinking quantity for the 30 days preceding

each assessment session. The Alcohol Use Disorder Identification Test (AUDIT) (Saunders
et al., 1993) was used to assess alcohol use disorder risk factors, the Treatment Services
Review (McLellan, Alterman, et al., 1992) assessed use of treatment resources including
professional counseling and attendance at groups such as Alcoholics Anonymous, and
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the Addiction Severity Index-lite (ASI-lite) (McLellan, Kushner, et al., 1992) assessed
medical, legal, employment, psychiatric, and social factors related to substance use. The 5-
question adjusting delay discounting task (Koffarnus & Bickel, 2014) was used to determine
participants’ monetary delay discounting rate, a measure of impulsive decision making that
is often associated with substance use disorders and treatment outcomes (Bickel et al., 2014;
Koffarnus et al., 2013).

Outcome variables and data analyses

Results

The primary measure of alcohol use during the intervention period was alcohol use
measured by the Soberlink breathalyzer 3 times per day. This outcome was coded as

a trichotomous variable once per day as either positive (at least one positive screen
throughout the day), negative (all three screens submitted on time and negative), or
missing (at least one missing screen with any submitted screens recorded as negative).
This variable was also analyzed with any missing samples treated as positive. Data were
analyzed in a generalized logistic model with main effects of group and study day and an
autoregressive(1) working correlation matrix. Generalized estimating equations (GEE) were
used to accommodate intra-subject correlation inherent in repeated measurements (Liang
& Zeger, 1986). As a secondary measure of alcohol use, we also analyzed the daily self-
reports of previous-day drinks. These data were analyzed as above with generalized linear
regression. Additional variables measured with generalized linear or logistic regression as
above include breathalyzer adherence (missing versus submitted BrAC samples) and daily
self-reported withdrawal symptoms on a 0 to 9 scale.

Additional measures of alcohol use were collected during the three assessment sessions.
The TLFB assessment (mean drinks per day) and AUDIT score were each compared
across assessment session, group, and for a session by group interaction in generalized
linear or logistic regression using GEE. These aforementioned measures collected at

the post-treatment assessment session were compared between groups with multivariate
general linear regression, and participant characteristics were compared between groups
with independent #tests or Fisher’s exact tests as appropriate. Participant characteristics
associated with the likelihood of participants paying the $75 deposit were analyzed in a
binary logistic regression model. All analyses were conducted in SPSS 26 (IBM Analytics)
and GraphPad Prism 8 with alpha set at 0.05.

A total of 92 participants were recruited from the community surrounding Roanoke, VA
from December 2016 through December 2018 (Figure 1). Sixteen were excluded after the
initial assessment session for failing to meet inclusion criteria, 5 withdrew from the study,
and 3 were terminated for violating policies (e.g., attempted theft, consuming alcohol on
premises). One participant failed to meet the requirement to respond to text messages on 5
monitoring days, 16 participants were excluded for failing to meet drinking criteria during
the monitoring phase, and 15 met all inclusion criteria but were not able to provide the $75
deposit at the time of group assignment, leaving 36 participants randomized into a study arm
and included in final data analyses. The 56 participants not randomized to a study arm were
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more likely to be male, African American, older, and heavier drinkers (see Supplemental
Table S1). This final sample size was determined with a power analysis (Liu & Liang, 1997)
with 80% power to detect an effect size observed in previous work (Koffarnus et al., 2011).

Participant characteristics for randomized participants are shown in Table 1. No group
differences were detected on any characteristic variable including gender, race, age, monthly
income, AUDIT score, drinks per day as measure by the TLFB, Treatment Services Review
score, years of heavy drinking as assessed by the ASI-lite, heavy drinking days self-reported
during the Monitoring Only phase, or monetary delay discounting rate. Along with drinks
per day during the Monitoring Only phase, Treatment Services Review score and years of
heavy drinking were used as group stratification variables.

Throughout the 21-day treatment phase, participants were asked to submit three remote
breathalyzer assessments per day. The primary abstinence outcome was the percent days
abstinent from these breathalyzer submissions (i.e., all three samples were submitted on
time and were negative for alcohol). Mean percent days abstinent reached 86% (SD = 20%)
in the Contingent group, which was significantly higher than the 44% (SD = 34%) in the
Noncontingent group (Figure 2 top; XZ =17.33, p<.001). This difference corresponds to

an odds ratio (OR) of 8.2 (95% CI = 3.0 to 22.1). No main effect of treatment day on daily
abstinence was observed (X2 =2.49, p=.1). Results were similar if all missing samples
were considered positive, with mean percent days abstinent with no missing samples of 83%
(SD = 23%) in the Contingent group and 42% (SD = 33%) in the Noncontingent group. This
resulted in a significant effect of group (X2 =14.98, p<.001, OR=6.6 [95% Cl =2.5t0
17.2) and no significant effect of treatment day (X2 =0.67, p=.4).

One of the primary goals of this study was to establish the feasibility of remotely assessing
abstinence from alcohol, with our primary measure of this being adherence to the scheduled
breathalyzer assessments. Adherence was high in both groups, with an overall sample
collection rate of 95.7% of requested samples submitted and all but two participants having
greater than an 80% collection rate (Figure 2 bottom). Collection rate did not differ between
groups (X2 =0.00, p> 0.9), but a significant tendency for collection rate to decrease as the
21-day treatment phase progressed was detected (Xz =46.40, p< .001; OR = 1.08 [95% CI
=1.06 to 1.10]).

Previous-day drinks per day and withdrawal symptoms rated on a zero to nine scale were
collected daily via text message prompts sent to each participant. The effects of treatment
group (Contingent versus Noncontingent), Phase (Monitoring only versus Treatment), study
day, and the interaction of Group and Phase were assessed with each of these self-reported
measures with general linear regression and GEE to control for repeated measurements.

On drinks per day (Figure 3 top), an overall main effect of Phase (X2 =31.30, p<.001)

and a significant Group by Phase interaction (XZ =4.82, p=.03) was observed. Pairwise
comparisons revealed a significant difference between the groups in the Treatment phase
only (p=.01) with no difference in the monitoring phase (v = .4) and no main effect of
study day (x2 = 1.19, p=3) or overall main effect of Group (x? = 3.15, p=.08).
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Daily reports of previous-day withdrawal symptoms indicated minimal withdrawal
symptoms throughout the study in both groups (Figure 3 bottom) with no instances of
withdrawal symptoms concerning enough to warrant in-person medical evaluation. No main
effect of Group (X2 =1.67, p=.2) or Day (Xz =2.57, p=.1) was detected, nor was there

a Group by Phase interaction (X2 =0.24, p=.6). An overall significant effect of study
Phase indicated that self-reported withdrawal symptoms were less in the Intervention phase
independent of group (X2 =4.38, p=.04).

Secondary outcome variables that we were not necessarily powered to assess in this
relatively small feasibility study included three measures of alcohol use and dependence
that were collected at each of the assessment sessions. The TLFB (Figure 4 top) contained
retrospective recall of alcohol use prior to the study consent session, during the 21 active-
intervention days (collected at the end of treatment assessment session) and for the 30 days
prior to each of the four extended post-intervention follow-up sessions. A treatment effect
on self-reported drinks per day was indicated by a significant Session by Group interaction
between the consent and end-of-treatment assessments (X2 = 4.86, p=.03). Self-reported
drinking in the Contingent group remained low during the extended follow-up sessions,

but this was not significantly different from the Noncontingent group, a trend which may
have been exasperated by missed assessment sessions disproportionately likely to be seen in
participants with higher rates of drinking behavior. Self-reported drinks per day analyzed as
a function of proportion of days with heavy drinking from the daily self-reports (treatment
phase) and TLFB (all other timepoints) data reported showed a similar pattern. A treatment
effect on proportion of days with heavy drinking was indicated by a significant Session by
Group interaction between the consent and treatment phase (X2 = 8.33, p=.004) and overall
effect of session (X2 =7.70, p=.006), but no significant difference during the follow-up
sessions.

Symptoms of alcohol use disorder were assessed with the AUDIT at each assessment session
(Figure 4 bottom). AUDIT scores were similar between groups at the consent session, but
differences emerged by the end of the treatment. This pattern resulted in a significant group
by session interaction between these two sessions (Xz =3.99, p=.046). AUDIT scores
during the extended follow-up sessions were relatively low in both groups among those
participants who attended those sessions.

Participants completed a custom questionnaire at the end of the Treatment phase with
questions grouped into the categories of overall satisfaction, treatment effectiveness, and
the ease of use of treatment components (Figure 5). One participant in the Contingent
group and two participants in the Noncontingent group did not complete this questionnaire
due to computer error. Both groups were satisfied overall with the approach, with no
significant differences in ratings by group in the general assessment of the approach overall.
In the treatment effectiveness category of questions, the Noncontingent group rated the
components approximately ‘somewhat’ effective, with the Contingent group giving ratings
significantly higher for their satisfaction with the ability of the treatment to help them reduce
their alcohol use (£ 31 = 2.47, p=.04) and marginally higher for the overall category
(F1,31=1.70, p=.06). Participants rated the various components of the treatment approach
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between ‘somewhat easy’ and ‘very easy’ with no significant differences between the groups
for any question.

The 15 participants who met all inclusion criteria but were unable to provide the $75 deposit
after the Monitoring Only phase were compared to the 36 participants randomized into a
study arm in Table 2. Simple group comparisons without factoring in covariance among
characteristics suggested that participants who did not pay the deposit were more likely to
be male, be African American, have a lower monthly income, have a higher monetary delay
discounting rate, and trended toward more self-reported drinks per day prior to the study.
However, many of these characteristics were correlated with one another, so we conducted
a logistic regression to determine which characteristics were most reliably associated with
ability to pay the deposit. In this model containing all variables listed in Table 2 (income
was square-root transformed, discounting rate was log-transformed, and race dichotomized
to white versus nonwhite), only income (X2 =7.2, p=.007) and drinks per day prior to
study onset (X2 = 5.8, p=.02) were significantly associated with likelihood of paying the
deposit. All other variables were not significantly associated with paying the deposit after
accounting for these.

Discussion

The primary goals of this study were to assess the efficacy and acceptability of this

remote monitoring and abstinence incentive approach we have previously shown to be
effective (Koffarnus et al., 2018) with the addition of a deposit contract requirement wherein
participants would prefund $75 of their abstinence incentives prior to the intervention phase.
We think this study advances the literature through 1) the comparison of these results to

our earlier results without deposit contracts (Koffarnus et al., 2018) as there are few direct
comparisons of deposit contracts in the literature with other procedures remaining constant
(see Halpern et al. (2015) for another recent example); 2) demographic comparisons of those
who did and did not pay the deposit, highlighting potential inequities with this requirement;
and 3) as a demonstration of the robustness and replicability of these procedures. This
protocol with the deposit requirement was associated with a large treatment effect (Chen

et al., 2010) for our primary outcome of breathalyzer results during the active treatment
phase, and did not appear to have noticeably greater or less effectiveness than our previous
trial (Koffarnus et al., 2018). While it is likely that some participants were able to consume
small amounts of alcohol undetected with our breathalyzer schedule (see Koffarnus et al.,
2018 for an in-depth discussion), self-reported alcohol use also demonstrated a significant
treatment effect corresponding to breath alcohol readings. As we have previously reported,
breath alcohol readings, retrospective TLFB recall of use, and daily self-reports of use tend
to have acceptable rates of concordance without absent a major change in use patterns
(Kaplan & Koffarnus, 2019). Ratings of acceptability were also positive among those
enrolled in the trial, with marginally higher ratings of effectiveness in the Contingent

group. Like our previous trial, all alcohol withdrawal symptoms were in an acceptable
range and did not hinder the ability to deliver this type of intervention remotely in this
population. Overall, results from this trial among those participants who paid the deposit
were highly similar to those results from our previous trial without the deposit requirement.
The consistent effectiveness of contingency management interventions has been reported
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previously (Higgins et al., 2008), and this replicability across time and setting is a strength
of contingency management in general and this remotely delivered approach specifically.

One highly notable outcome of this trial that differentiates it from our previous trial
concerns the participant population that was able to complete the full protocol. Our
participant recruitment methods consisted of physical and online community advertisements
and yielded a participant population with alcohol use disorder, but otherwise not wildly
discordant from the demographics of Roanoke, VVA. The compensation information and the
$75 deposit requirement was prominently displayed in all advertisements, was covered

in detail in the IRB-approved informed consent form, and was verbally explained to
participants during the consent session. All participants were aware of the deposit
requirement before expressing interest in and consenting to participate in this research
study, and we likely never heard from any participants who found this deposit requirement
unappealing. Our participant population therefore includes only those individuals who felt
that the $75 deposit requirement was acceptable, and this randomized trial does not provide
a good basis to determine the overall acceptability of this type of intervention in the general
population.

Despite not being able to draw conclusions about the overall population-level acceptableness
of deposit contracts, however, we can draw interesting conclusions among those in this
group of community adults with alcohol use disorder who were sufficiently motivated to
participate in this trial that they agreed to the deposit requirement. Of these participants, a
substantial portion (29%) were not able to pay the $75 deposit when prompted to do so, and
due to how our pre-determined protocol was written, were excluded from the remainder of
the study at this point. We did not predict this degree of non-payment, especially considering
participants were allowed to use the ~$50 of study compensation earned at this point toward
their deposit. These participants reported that they did not fail to pay the deposit due to a
change of heart about study participation, but they simply did not have the $75 available

to them, often having already spent the previously earned study compensation. Our logistic
model predicting who paid the $75 deposit revealed that drinks per day consumed prior

to the trial onset and monthly income significantly predicted deposit payment. Notably,
monetary delay discounting rate, a measure of self-control that is often associated with
substance use disorder treatment outcomes (Bickel et al., 2014; Koffarnus et al., 2013),

was higher in the group that did not pay the deposit but was not significantly predictive
after accounting for income and drinks per day. Deposit contracts are sometimes discussed
as a means to fund monetary incentives in contingency management interventions, but our
research suggests that a deposit requirement may prevent lower income individuals with a
greater drinking intensity from accessing this treatment approach. Even though our deposit
requirement was relatively modest at $75, the median monthly income of those individuals
unable to pay the deposit was $300. With this income, our deposit requirement was 25% of
the monthly income for this group. In addition to an effective drug use disorder intervention,
contingency management is often touted as an effective anti-poverty invention (Silverman
et al., 2016; Silverman et al., 2018; Silverman et al., 2019). Procedural requirements such
as deposit contracts should therefore be employed cautiously considering they may exclude
individuals experiencing poverty from participating.

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2022 March 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Koffarnus et al.

Page 12

If self-funding of incentives is associated with undesirable exclusions of lower income and
more frequent drinkers, alternate funding mechanisms are required. Despite evidence that
financial incentives delivered in a contingency management treatment are cost effective
(Sindelar et al., 2007), the up-front cost of incentives is a large contributor to hesitant
attitudes of providers to use contingency management with their patients (Benishek et al.,
2010; Rash et al., 2012). However, exposure to the procedure can shift attitudes toward
support of financial incentives as worthwhile (Kirby et al., 2012), and over the past few
decades there has been considerable momentum toward the use of incentives to promote
behavioral change with the incentives funded as an intervention cost like any other cost-
effective treatment component. For example, in response to the continued evidence showing
it to be an effective treatment, the United States Veterans Administration implemented
contingency management treatment for substance use nationwide (Petry et al., 2014). As

an approved substance use treatment method, Veterans Administration physicians may
prescribe contingency management to patients with a substance use disorder. This type

of funding model allows all eligible patients to receive this efficacious treatment, including
those experiencing poverty. The impact of future dissemination efforts for interventions
employing financial incentives could be maximized by working with the health care industry
to develop reimbursement mechanisms for financial incentives as a mode of treatment.

Contingent incentives are highly effective at promoting abstinence from alcohol with or
without a participant-funded monetary deposit requirement when delivered as part of a
remote monitoring protocol. However, even modest participant-funded deposits may prevent
those with greater levels of alcohol use and/or those experiencing extreme poverty from
receiving this treatment approach. Remote monitoring approaches such as this have great
potential to deliver treatment to those with significant barriers to accessing in-person
treatment, but deposit contracts may be counterproductive to the goal of reaching this
population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Public significance statement:

In the present clinical trial, treatment-seeking adults with alcohol use disorder were
randomized to receive remotely delivered monetary incentives if they abstained from
alcohol use or to a control condition where incentives were received regardless of alcohol
use. Results indicated that this intervention was associated with lower rates of alcohol use
and alcohol-related problems. Due to a requirement that participant self-fund a portion

of their incentives at treatment onset, this intervention was not accessible to some lower
income individuals.
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Figure 2:
Remote Breathalyzer Results

Note. Abstinence and individual sample collection rate results from the thrice-daily

remote breathalyzer assessments during the Treatment phase. Percent days abstinent was
significantly higher in the Contingent group (Zgp), and the collection rate was similarly high
in both groups (bottom).
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Figure 3:
Daily Participant Self-Reports

Note. Daily self-reports of drinks per day and withdrawal symptoms collected throughout
the Monitoring Only and Treatment phases. Drinks per day were significantly lower in the
Contingent group during the Treatment phase only (Zop), and withdrawal symptoms were

similarly low throughout the study in both groups (bottom).
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Figure 4:

Alcohol Use Quantity and Problems

Note. Indicators of alcohol use quantity as measured by the Timeline Follow-back
assessment (fgp) and problems associated with alcohol use as measured by the AUDIT
assessment (bottorm). Numeric labels near points indicate the number of participants to
complete an assessment and asterisks indicate a significant treatment effect between groups

(p<.05).
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Figure5:
Participant Ratings of Treatment Acceptability
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Table 1

Characteristics of participants randomized to a study group.

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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Contingent (n=18) Noncontingent (n=18) Statistic
Gender 10 female (56%), 8 male (44%) 11 female (61%), 7 male (39%) Fisher’s exact p=1.0
Race 2 African American (11%), 15 White 1 African American (6%), 15 White Fisher’s exact p=1.0
(83%), 1 other race (6%) (83%), 2 other race (11%)
Age 36.1 (SD =9.9) 39.2 (SD = 14.6) 434)=0.76, p= .5
Monthly Individual Income a Bgﬁggg)(SD = US$1260; median = Bgﬁggg (SD = US$1625; median = {34)=058,p=.6
AUDIT 21.2 (SD = 6.6) 22.2 (SD = 5.6) (34)=0.49, p= 6
Drinks per day prior to study 3.9(SD=23) 4.2(SD=33) #34)=0.36, p=.7
onset b
Treatment Services Review 0.8 (SD =1.0) 0.7 (SD=0.7) #34)=0.59, p=.6
alcohol score
Yearsof heavy drinking ¢ 13.1 (8D =7.0) 125(SD=82) 1(34)=0.24, p= 8
ASi-lite Alcohol Composite © 0.47 (SD = 0.17) 0.56 (SD = 0.20) (34)=1.46, p= .2
Heavy drinking days self- 41(SD=15) 45 (SD=1.6) #34)=0.86, p= .4
reported in Monitoring phase
$1000 Delay Discounting 1.89 (SD =0.84) 2.39 (SD =0.63) 4(34) = 2.02, p=.051

L og(ED50)

Note.

a . . . T
Income was square-root-transformed prior to group comparison to normalize the distributions.

b, . . -
30-day average preceding the consent session from the Timeline Follow-Back assessment.

c . . .
From the Addiction Severity Index-lite.
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Characteristics Associated with Paying the $75 Deposit

Page 23

Paid Deposit (n = 36)

Did Not Pay Deposit

Group Comparison Without

Logistic Model Predicting

(n=15) Covariances Payment

Gender 21 female (58%), 15 3 female (20%), 12 Fisher’s exact p=.02 x?=113,p=.3

male (42%) male (80%)
Race 3 African American 8 African American Fisher’s exact p=.001 X2 =156, p=.2

(8%), 30 White (83%),  (53%), 7 White (47%),

3 other race (8%) 0 other race (0%)
Age 37.6 (SD=12.4) 41.3(SD =12.0) #49)=0.98, p=.3 x2=0.07,p=8
Monthly Individual US$1755 (SD = US$587 (SD = #(49) =2.99, p=.004 x2=7.24, p=.007
Income & US$1435; median = US$604; median =

US$1500) US$300
AUDIT 21.7 (SD =6.0) 24.5(SD =5.3) #49)=1.60, p=.1 x2=041,p=5

i i = = 2 — —
Drinks per da)zprlor 41(SD=2238) 7.0 (SD =5.0) 417.9) = 2.10, p= .05 ad x2=5.77,p=.02
to study onset
Treatment Services 0.8(SD=2.0) 0.5(SD =0.5) #49)=0.93, p= .4 x2=112,p=3
Review alcohol score
= = 2 = -
Years of heeavy 12.8 (SD =17.5) 17.9 (SD = 13.5) (17.7) = 1.39, p= 2 d x>=1.66, p=.2
drinking
ASl-lite Alcohol 0.52 (SD =0.19) 0.49 (SD =0.17) #34)=0.51, p=.6 x2=0.99, p=3
Composite ¢
Heavy drinking 4.3(SD=15) 48(SD=1.9) #49)=1.02, p=.3 XZ =092, p=.3
days self-reported in
Monitoring phase
$1000 Delay 2.14(SD=0.77) 1.42 (SD = 0.68) #(49) = 3.13, p=.003 x2=184,p=2
Discounting
L og(ED50)
Note.

a . . . —
Income was square-root-transformed prior to group comparison to normalize the distributions.

b . . L
30-day average preceding the consent session from the Timeline Follow-Back assessment.

cFrom the Addiction Severity Index-lite.

a . . . . .
Levene’s test for equality of variances failed, unequal variances assumed in #test.
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