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Background: The delivery of monetary incentives contingent on verified abstinence is an effective
treatment for alcohol use disorder. However, technological barriers to accurate, frequent biochemical
verification of alcohol abstinence have limited the dissemination of this technique.

Methods: In the present randomized parallel trial, we employed a breathalyzer that allows
remote, user-verified collection of a breath alcohol sample, text messaging, and reloadable debit
cards for remote delivery of incentives to evaluate a contingency management treatment for alcohol
use disorder that can be delivered with no in-person contact. Treatment-seeking participants with
alcohol use disorder (n = 40) were recruited from the community and randomized to either a contin-
gent or a noncontingent group (n = 20 each). The contingent group received nearly immediate mone-
tary incentives each day they remotely provided negative breathalyzer samples. The noncontingent
group received matched monetary payments each day they successfully provided samples indepen-
dent of alcohol content. Groups were not masked as awareness of group contingencies was an essen-
tial intervention component.

Results: The primary outcome of the intent-to-treat analyses (analyzed n = 40) was percent days
abstinent as measured by the remote breathalyzer samples. Abstinence rates in the contingent group
were 85%, which was significantly higher than the 38% recorded in the noncontingent group, corre-
sponding to an odds ratio of 9.4 (95% CI = 4.0 to 22.2). Breathalyzer collection adherence rates were
over 95%, and participant ratings of acceptability were also high.

Conclusions: These results support the efficacy, acceptability, and feasibility of this remotely deliver-
able abstinence reinforcement incentive intervention for the initiation and near-term maintenance of
abstinence from alcohol in adults with alcohol use disorder. Due to low provider and participant bur-
den, this procedure has the potential for broad dissemination.

Key Words: Alcohol Use Disorder, Ecological Momentary Assessment, Contingency
Management, Breathalyzer, Incentives.

ONEOFEVERY 8U.S. adults meets criteria for alcohol
use disorder at some point in their lifetime, but only 20

to 24% of those individuals ever receive treatment of any
kind (Grant et al., 2015; Hasin et al., 2007). Of the top 10
most common reasons cited for this group not seeking treat-
ment, 7 of them (i.e., should be strong enough to handle it
alone, was too embarrassed, could not afford it, did not want
to go to treatment, hated answering questions, did not think
anyone could help, and did not know any place to go) relate

to an inability or unwillingness to attend traditional in-per-
son treatment (Cohen et al., 2007). The pervasiveness of
alcohol use disorder indicates a need for continued develop-
ment of high-impact treatments that are effective, acceptable
to the untreated, and easily disseminated widely.
Contingency management is a highly efficacious treatment

approach that reduces drug and alcohol use (Davis et al.,
2016; Higgins et al., 2008). In contingency management
treatments, tangible incentives (e.g., money, privileges, or
prizes) are provided contingent upon verified abstinence
from the target drug or drugs. Among adults with alcohol
use disorder (Bobova et al., 2009; Mitchell et al., 2005;
Petry, 2001), delayed outcomes have relatively little control
over behavior. Therefore, immediately available rewards
such as those arranged in contingency management interven-
tions are much more likely to promote positive behavior than
the health or social gains associated with long durations of
abstinence. In a strong set of experiments from multiple lab-
oratories in a variety of settings, contingency management
treatments are effective at reducing drug use (Higgins et al.,
2008). Under more limited conditions, contingency manage-
ment has shown effectiveness for alcohol use disorder as well
(Alessi and Petry, 2013; Barnett et al., 2011, 2017; Koffarnus
et al., 2011; Petry et al., 2000). Contingency management

From the Virginia Tech Carilion Research Institute (MNK, WKB),
Virginia Tech, Roanoke, Virginia; and Psychiatry and Behavioral Sciences
(ASK), Virginia Tech Carilion School ofMedicine, Roanoke, Virginia.

Received for publication June 3, 2018; accepted September 13, 2018.
Reprint requests: Mikhail N. Koffarnus, PhD, Virginia Tech Carilion

Research Institute, Virginia Tech, 2 Riverside Circle, Roanoke, VA
24016; Tel.: 540-526-2107; Fax: 540-985-3361; E-mail: mickyk@vtc.
vt.edu

2018 The Authors Alcoholism: Clinical & Experimental Research pub-
lished byWiley Periodicals, Inc. on behalf of Research Society on Alcohol-
ism.

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.

DOI: 10.1111/acer.13891

Alcohol Clin Exp Re, Vol 42, No 12, 2018: pp 2423–2431 2423

ALCOHOLISM: CLINICAL AND EXPERIMENTAL RESEARCH Vol. 42, No. 12
December 2018

http://orcid.org/0000-0002-7923-7734
http://orcid.org/0000-0002-7923-7734
http://orcid.org/0000-0002-7923-7734
http://orcid.org/0000-0002-1048-7372
http://orcid.org/0000-0002-1048-7372
http://orcid.org/0000-0002-1048-7372
mailto:
mailto:
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


has been shown to be a cost-effective addition to standard
treatment (Sindelar et al., 2007) and has received funding
support from governments such as New York City (Riccio
et al., 2010). Recently, in response to the evidence showing it
as an effective treatment, the Veterans Administration in the
United States implemented contingency management treat-
ment for substance use nationwide (Petry et al., 2014). These
recent developments show that the growing evidence base for
such treatments is persuading governments and healthcare
providers to fund and implement these interventions.

Despite the proven effectiveness of contingency manage-
ment interventions to promote abstinence from alcohol, sig-
nificant logistical barriers have prevented this procedure
from being disseminated. Contingency management inter-
ventions require verified biochemical measures of abstinence.
The most reliable, noninvasive, and readily accessible bio-
chemical measure of recent alcohol use has been the breatha-
lyzer. However, the rapid elimination rate of alcohol
necessitates multiple daily breathalyzer assessments to accu-
rately capture most instances of alcohol use. Outside of an
inpatient setting, the requirement for multiple assessments
per day presents a significant barrier to treatment delivery.
For example, in our past contingency management interven-
tion among adults with alcohol use disorder (Koffarnus
et al., 2011), breathalyzer assessments were obtained in the
community multiple times per day by study personnel travel-
ing to participants. While this treatment demonstrated a sig-
nificant decrease in alcohol use, the financial and labor costs
of these frequent breathalyzer assessments were substantial;
despite great effort, only 60% of the breathalyzer assess-
ments were successfully collected.

Breathalyzers with features that are ideal for remotelymon-
itoring alcohol abstinence while verifying the identity of the
user have been developed. For instance, the Soberlink SL2
breathalyzer (Soberlink Healthcare, LLC, Huntington Beach,
CA) used in this research contains an integrated cellular radio
for data transmission over cellular networks and an integrated
camera to photograph the user as s/he supplies the sample.
Initial work on the effectiveness and feasibility of remotely
delivered contingency management with smartphone-con-
nected breathalyzers found high acceptance and reduced
drinking in the active group compared to participants who
were only monitored (Alessi and Petry, 2013). Additionally,
research on remote carbon monoxide monitoring to incen-
tivize reductions in cigarette smoking has found that this pro-
cedure is effective and well liked by participants (Dallery and
Raiff, 2011; Dallery et al., 2013). In these studies, participants
used a computer and webcam to upload videos of themselves
using a carbon monoxide monitor, which were then used to
reinforce abstinence. This allowed the researchers to deliver
an effective smoking cessation intervention to rural partici-
pants who would have otherwise found it difficult to partici-
pate in an intervention of this type (Stoops et al., 2009).

In the present parallel trial, we developed and tested the
effectiveness and acceptability of a remotely delivered
contingency management intervention to reduce alcohol use

with a randomized controlled trial. Multiple technological
enhancements were made to standard contingency manage-
ment protocols to facilitate the treatment approach. We
hypothesized that (i) contingent incentives would effectively
reduce alcohol use when compared to a control condition
balanced for total incentives received, and (ii) the approach
would be acceptable to participants.

MATERIALS ANDMETHODS

Study Design

This randomized parallel trial was split into 2 phases: a 6-day
monitoring only phase and a 21-day treatment phase. Participants
also completed 3 in-laboratory assessment sessions which occurred
immediately prior to the monitoring only phase, immediately after
the treatment phase, and 1 month following the end of the treat-
ment phase.

Participants

Participants were recruited from the community surrounding
Roanoke, VA, primarily with postings and advertisements in public
places. Eligible participants were at least 18 years of age, met DSM
5 criteria for alcohol use disorder (American Psychiatric Associa-
tion, 2013), not meet DSM criteria for other substance use disorder
(excluding caffeine and nicotine), scored below 23 on the Alcohol
Withdrawal Symptom Checklist (Pittman et al., 2007), and
expressed a desire to cut down or quit drinking. All participants
provided written informed consent, and this protocol was moni-
tored by the Virginia Tech Institutional Review Board and regis-
tered with clinicaltrials.gov (NCT03507075).

Monitoring Only Phase. During this phase, participants were
asked to provide daily self-report ecological momentary assessments
of previous-day drinking and current withdrawal symptoms via cell
phone text message. This occurred for 6 days with no other study
intervention taking place. The purpose for this baseline period was
to verify that the alcohol use patterns meet patterns of heavy drink-
ing. At the end of this phase, participants who indicated patterns of
at least 2 heavy-drinking episodes (≥4 drinks in 1 day for women,
≥5 drinks for men) and successfully reported their level of drinking
as requested on 5 of the 6 days were invited to continue in the study.
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 inconsistent response times complicat-
ing the measurement. Participants were allowed to report this infor-
mation 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 remin-
der to report their previous-day drinking with text messages, fol-
lowed 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 symp-
toms (≥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 a physician to determine whether any
medical intervention is necessary.

Randomization and Masking. At the end of the monitoring only
phase, eligible participants were randomly assigned to either the
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contingent or the noncontingent group (even allocation ratio
between groups) with a computerized algorithm that biased the ran-
dom assignment to balance the groups on current alcohol use (aver-
age 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 et al., 1992a). The first 2 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 blinded to group assignment during the monitor-
ing only phase (group assignment had not yet occurred at this
point), but because knowledge of abstinence reinforcement contin-
gencies and incentive schedule was an integral part of the interven-
tion, 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. Partic-
ipants were not made aware of contingencies for the other group or
that another group existed. All other information provided to par-
ticipants was the same for both groups, which included instruction
to consider the first day of the treatment phase as their “quit date.”

Treatment Phase. Both groups were exposed to the same treat-
ment events, but the consequence for breathalyzer screens differed
by group. The treatment period consisted of 21 consecutive days
with 3 remote breathalyzer screens per day. During this 21-day per-
iod 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 begin-
ning of the study and a breathalyzer at the beginning of the treat-
ment phase.

Breathalyzer Monitoring. Alcohol use during the treatment
phase was monitored remotely with thrice-daily breathalyzer screens
with a Soberlink SL2 breathalyzer. During breathalyzer assess-
ments, 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 web site
where the data were available to research staff. The Soberlink sys-
tem uses automatic facial recognition technology to verify that the
uploaded picture matched a reference picture for that person, which
successfully approved 68% of submissions in this study (SD = 20%,
minimum = 12%, maximum = 97%). Submissions that included
poor lighting or eyeglasses were less likely to be automatically
approved. 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 partici-
pant via text message of the consequences of the breathalyzer screen.
No images were unable to be recognized by either automatic facial
recognition or manual recognition by research staff, and text mes-
sage feedback was sent as soon as possible after submissions were
received and typically within a 2-hour window postsubmission.

All participants completed breathalyzer assessments 3 times per
day for 21 days. Participants chose these times each day with guid-
ance 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 min-
utes 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 breath alcohol concentration reading ≥0.02% or a missed sub-
mission was considered a positive indicator of alcohol use. A par-
ticipant that submitted 3 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 3 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 3 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 and Higgins, 2000; Roll et al., 1996),
including studies of alcohol use (Barnett et al., 2011) and remote
monitoring of smoking (Dallery and Raiff, 2011).

Noncontingent Group. Like the contingent group, the noncon-
tingent group was required to submit 3 breathalyzer samples per
day and received a $1 adherence incentive for each submitted sam-
ple. 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 pay-
ment the contingent participant would have received on that study
day if s/he submitted negative samples. This way, both groups expe-
rienced 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 pay-
ments to participants with reloadable prepaid debit cards through
Greephire ClinCard (https://greenphire.com/clincard/). As pay-
ments were earned in 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 mes-
sage notifying them of payments when they were added.

Assessment Sessions. Assessment sessions included various
behavioral assessments and questionnaires related to alcohol use
and associated cognitive processes. The Timeline Followback
(TLFB) assessment (Sobell and Sobell, 1992) was used to assess
daily drinking quantity for the 30 days preceding each assessment
session. The Alcohol Use Disorders Identification Test (AUDIT)
(Saunders et al., 1993) was used to assess alcohol use disorder risk
factors, the Treatment Services Review (McLellan et al., 1992a)
assessed use of treatment resources including professional counsel-
ing and attendance at groups such as Alcoholics Anonymous, and
the Addiction Severity Index-Lite (ASI-Lite) (McLellan et al.,
1992b) assessed medical, legal, employment, psychiatric, and social
factors related to substance use.

REMOTE ALCOHOL ABSTINENCE INCENTIVES 2425
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Outcome Variables and Data Analyses

The primary measure of alcohol use during the intervention per-
iod was alcohol use measured by the Soberlink breathalyzer 3 times
per day. This outcome was coded as a dichotomous variable once
per day as either positive (at least 1 positive screen throughout the
day), negative (all 3 screens submitted on time and negative), or
missing (at least 1 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 gener-
alized logistic model with main effects of group and study day and
an autoregressive(1) working correlation matrix. Generalized esti-
mating equations (GEE) were used to accommodate intrasubject
correlation inherent in repeated measurements (Liang and 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 vs. submitted) and daily
self-reported withdrawal symptoms on a 0 to 9 scale.

Additional measures of alcohol use were collected during the 3
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. Measures of acceptability and
effectiveness at the posttreatment assessment session were compared
between groups with multivariate general linear regression, and par-
ticipant characteristics were compared between groups with inde-
pendent t-tests or Fisher’s exact tests as appropriate. All analyses
were conducted in SPSS 24 (IBM Analytics, Armonk, NY) and
Prism 7 (GraphPad Software, La Jolla, CA) with alpha set at 0.05.

RESULTS

A total of 69 participants were recruited from the commu-
nity from November 10, 2014 to January 31, 2017. Eighteen
were excluded after the initial assessment session, most for
failing to meet inclusion criteria (Fig. 1). An additional 11
participants were excluded for failing to meet drinking crite-
ria during the monitoring phase (see below), leaving 40 par-
ticipants randomized into a study arm and included in final
data analyses. This sample size was determined with a power
analysis based on previous work (80% power) (Koffarnus
et al., 2011). Participant characteristics for randomized par-
ticipants 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, or
years of heavy drinking as assessed by the ASI-Lite. Along
with drinks per day during the monitoring only phase (see
below), 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 3 remote breathalyzer assessments per day.
The primary abstinence outcome was the percent days absti-
nent from these breathalyzer submissions (i.e., all 3 samples
were submitted on time and were negative for alcohol). Mean
percent days abstinent reached 85% in the contingent group,
which was significantly higher than the 38% in the noncon-
tingent group (Fig. 2 top; v2 = 26.34, p < 0.0001). This dif-
ference corresponds to an odds ratio of 9.4 (95% CI = 4.0 to

22.2). No main effect of treatment day on daily abstinence
was observed (v2 = 0.89, p = 0.4). Results were similar if all
missing samples were considered positive, with a significant
effect of group (v2 = 22.63, p < 0.0001) and no significant
effect of treatment day (v2 = 2.42, p = 0.1).

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 95.6%
and all but 1 participant having greater than an 80% collec-
tion rate (Fig. 2 bottom). Collection rate did not differ
between groups (v2 = 0.20, p = 0.7), but a significant ten-
dency for collection rate to decrease as the study progressed
was detected (v2 = 10.91, p = 0.001; odds ratio = 1.07 [95%
CI = 1.03 to 1.11]).

Previous-day drinks per day and withdrawal symptoms
rated on a 0 to 9 scale were collected daily via text message
prompts sent to each participant. The effects of treatment
group (contingent vs. noncontingent), phase (monitoring only
vs. 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 (Fig. 3 top), an
overall main effect of group (v2 = 6.93, p = 0.008), a main
effect of phase (v2 = 31.15, p < 0.0001), as well as a signifi-
cant group by phase interaction (v2 = 8.23, p = 0.004) were
observed. Pairwise comparisons revealed a significant differ-
ence between the groups in the treatment phase only
(p = 0.001) with no difference in the monitoring phase
(p = 0.6) and no main effect of study day (v2 = 0.08, p = 0.9).

Daily reports of previous-day withdrawal symptoms indi-
cated minimal withdrawal symptoms throughout the study
in both groups (Fig. 3 bottom). No main effect of group

Enrolled into study = 69

Started monitoring phase = 51

Randomized into a study arm = 40

Included in final analyses = 40

Did not meet inclusion criteria = 16
Voluntary withdrawal = 1

Lost to follow-up = 1

Not enough drinking episodes = 11

Fig. 1. Reasons that participants were excluded or dropped out after
initial enrollment.
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(v2 = 1.18, p = 0.3) or phase (v2 = 1.18, p = 0.3) was
detected, nor was there a group by phase interaction
(v2 = 2.53, p = 0.1). A significant effect of study day indi-
cated that self-reported withdrawal symptoms lessened over

the course of the study independent of groups and phases
(v2 = 10.93, p = 0.0009).
Three measures of alcohol use and dependence were col-

lected at each of the 3 monthly assessment sessions. The
TLFB (Fig. 4 left) contained retrospective recall of alcohol
use prior to the study consent session, during the 21 active-
intervention days (collected at the end of treatment assess-
ment session) and for 1 month following the intervention
(collected at a 1-month follow-up session). Average drinks
per day were similar between the groups prior to study con-
sent, but diverged during the study and throughout the 1-
month follow-up period. This pattern resulted in an overall
effect of treatment group on average drinks per day
(v2 = 4.05, p = 0.04), a significant main effect of session
(v2 = 43.50, p < 0.0001), and a significant group by session
interaction (v2 = 14.24, p = 0.0008). Holm–�Sid�ak post hoc
tests revealed no difference prior to consent (p = 0.5), but
fewer drinks per day in the contingent group both during the
study (p = 0.001) and posttreatment (p = 0.04).
Symptoms of alcohol use disorder were assessed with the

AUDIT at each assessment session (Fig. 4 right). AUDIT
scores were similar between groups at the consent session,
but differences emerged as the study progressed. This pattern
resulted in an overall main effect of group that approached
significance (v2 = 3.73, p = 0.053), a main effect of assess-
ment session (v2 = 52.28, p < 0.0001), and a significant
group by session interaction (v2 = 8.28, p = 0.02). Group
differences were not significant at the consent session
(p > 0.9) and the end of intervention (p = 0.3), but reached
significance at the 1-month follow-up (p = 0.003).
Participants completed a custom questionnaire with ques-

tions grouped into the categories of overall satisfaction,
treatment effectiveness, and the ease of use of treatment com-
ponents (Fig. 5). Both groups were satisfied overall with the
approach, with the contingent group scoring rating the treat-
ment significantly higher in their likelihood of recommending
the treatment to someone else, F(1, 37) = 5.3, p = 0.03, and
in the category overall, F(1, 37) = 4.5, p = 0.04. In the treat-
ment effectiveness category of questions, the noncontingent
group rated the components approximately “somewhat”

Table 1. Participant Characteristics

Contingent (n = 20) Noncontingent (n = 20) Statistic

Gender 7 female, 13 male 5 female, 15 male Fisher’s exact p = 0.7
Race 4 African American, 16White 1 African American, 19White Fisher’s exact p = 0.3
Age 46.6 (SD = 12.5) 45.2 (SD = 11.5) t(38) = 0.37, p = 0.7
Monthly Income US$2,790 (SD = US$2,260;

median = US$2,250;
IQR = US$763 to US$4,375)

US$2,694 (SD = US$2,337;
median = US$2,125;
IQR = US$1,400 to US$2,725)

t(38) = 0.13, p = 0.9

AUDIT 24.2 (SD = 7.3) 24.1 (SD = 5.9) t(38) = 0.05, p > 0.9
Drinks per day (TLFB) 6.5 (SD = 2.8) 5.8 (SD = 4.0) t(38) = 0.59, p = 0.5
Treatment Services Review alcohol score 0.9 (SD = 1.0) 1.0 (SD = 2.7) t(38) = 0.39, p = 0.9
Years of heavy drinking (ASI-Lite) 21.1 (SD = 10.0) 20.7 (SD = 10.9) t(38) = 0.38, p = 0.9

Drinks per day is a 30-day average preceding the consent session from the Timeline Follow-Back (TLFB) assessment. Years of heavy drinking was
assessed within the Addiction Severity Index-Lite (ASI-Lite).
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Fig. 2. Abstinence and collection rate results from the thrice-daily
remote breathalyzer assessments during the treatment phase. Percent
days abstinent was significantly higher in the contingent group (top), and
the collection rate was similarly high in both groups (bottom).
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effective, with the contingent group giving ratings signifi-
cantly higher for payment helpfulness, F(1, 37) = 6.0,
p = 0.02, and marginally higher for the overall category, F(1,
37) = 3.8, p = 0.06. Participants rated the various compo-
nents of the treatment approach between “somewhat easy”
and “very easy” with no significant differences between the
groups for any question.

DISCUSSION

The first goal of this feasibility study was to assess the effi-
cacy of this adaptation of the contingency management
approach for remote delivery. Alcohol use as measured by
thrice-daily remote breathalyzer assessments (Fig. 2), daily
ecological momentary assessment self-reports of drinks per
day (Fig. 3), and TLFB assessments completed at monthly
intervals (Fig. 4 left) all showed a large treatment effect of
the contingent incentives. Additionally, contingent incentives
also produced a significant treatment effect on AUDIT
scores at the 1-month follow-up session, indicating a

reduction in alcohol-associated problems in addition to the
measured reductions in drinking. We imposed minimal
exclusion criteria to increase the representativeness of a com-
munity population interested in reducing their alcohol use
and therefore increase the generalizability of these results.
These results corroborate and expand upon previous findings
with remotely monitoring of alcohol coupled with contingent
incentives (Alessi and Petry, 2013).

Breathalyzer assessment adherence rate and incidence of
withdrawal symptoms constituted our primary measure of
feasibility as the successful dissemination of this procedure
would require assessments to be valid and safe. Feasibility
data were encouraging with high breathalyzer assessment
adherence in both groups (Fig. 2) and incidences of with-
drawal symptoms (Fig. 3) were rare and well managed. The
obtained adherence rate of >95% compares favorably to a
60% rate in our previous work (Koffarnus et al., 2011) that
relied on community-based in-person breathalyzer assess-
ments.

Participant ratings of acceptability were assessed because
successful dissemination of this procedure will rely on
potential patients agreeing to comply with the procedures.
Acceptability ratings were assessed with a custom ques-
tionnaire containing questions split into 3 broad categories
(Fig. 5). Ratings of satisfaction, effectiveness, and ease of
use were high in both groups, indicating that this treat-
ment was acceptable among the sample obtained for this
experiment.

This combination of high efficacy, high adherence rate,
and positive ratings of acceptability implies a strong clinical
benefit of this approach among adults in the community with
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alcohol use disorder. However, the high rate of biochemically
verified abstinence we observed also has implications for the
use of this procedure in experimental contexts. Experimental
questions that necessitate the production of a period of absti-
nence from alcohol may use this procedure to manipulate
level of abstinence with a high degree of experimental con-
trol.
A modest sample size may limit the generalizability of the

present work to dissimilar groups of alcohol users. This may
be most acutely true for participants who are less compliant
with instructions, as we only randomized participants who
were compliant with daily text message requests on 5 of
7 days in the monitoring only phase. However, this limita-
tion is mitigated by the robust effect size that corroborates
decades of work demonstrating that contingent incentives,
when delivered in a timely manner and contingently on bio-
chemical measures of abstinence, effectively reduce substance
use (Davis et al., 2016; Higgins et al., 2008; Lussier et al.,
2006; Prendergast et al., 2006). Furthermore, a large effect
size in a smaller number of participants may be more useful
when making clinical recommendations to individual
patients than a small effect size in a large sample (Williams,
2010). The major step forward with this work is the verifica-
tion that this beneficial effect holds true for alcohol use when
technological tools allow for the frequent, unobtrusive mea-
surement of alcohol use in the community and the rapid
delivery of incentive payments with reloadable debit cards.
In this study, we chose to use static timing of breatha-

lyzer assessment to increase adherence, even though this
predictability increased the possibility of using small
amounts of alcohol undetected. Some participants reported
using some alcohol undetected by the breathalyzer assess-
ments, even though we scheduled the assessments through-
out the waking hours and included 1 breathalyzer
assessment late in the evening just prior to the participant’s
typical bedtime. Furthermore, reductions in self-report
measures of drinking and AUDIT scores corresponded to
a greater incidence of negative breathalyzer screens in the

contingent group, suggesting that any undetected drinking
that occurred still represented a significant and clinically
relevant reduction in the contingent group compared to
the noncontingent group.
Transdermal alcohol sensing devices have been piloted in

a contingency management framework to facilitate the mea-
surement of alcohol use (Barnett et al., 2011, 2017; Dough-
erty et al., 2014). This class of devices holds great potential,
but there are several limitations of the currently available
devices. To our knowledge, the only transdermal device to be
evaluated in a contingency management framework is the
Secure Continuous Remote Alcohol Monitor bracelet. While
many individuals endorse willingness to use this device for
therapeutic purposes, high cost and other barriers to adop-
tion do exist (Alessi et al., 2017). Technological barriers
include the need to tie into either a landline or a hardwired
Ethernet port. Additionally, some participants are reluctant
to use the devices due to social stigma associated with the
constant wearing of an alcohol detection anklet associated
with criminal justice, due to prohibitive work environments
that preclude the operation of the device, or physical discom-
fort. Rapid improvements in technology hold promise as less
obtrusive devices are under development that more closely
resemble that of a FitBit or activity-tracking device (Leffing-
well et al., 2013). The effectiveness and acceptability of the
current protocol suggest that an incentive intervention with
transdermal alcohol sensors could be a promising approach
with even less participant burden.
Contingent incentives are highly effective at promoting

behavior change but were difficult to conduct with alcohol
use as a target due to difficulty in monitoring and verifying
abstinence from alcohol use. Through the use of a technolog-
ically advanced breathalyzer and remote incentive payments,
the present study has provided a framework for effective
delivery of a contingency management intervention to pro-
mote alcohol abstinence in adults with alcohol use disorder.
This intervention has the potential for wide dissemination
due to low participant and provider burden.

How clear is the payment system used in this study?
How easy is it to adhere to the scheduled requirements?

How convenient is it to use the SOBERLINK device?
How convenient is it to use a cell phone to communicate with us?

How convenient is it to use the debit card system to receive payments?
EASE OF USE OF TREATMENT COMPONENTS

How helpful are the payments in motivating you to quit drinking?
How helpful is the breathalyzer feedback to motivate you to quit drinking?

How satisfied are you with this treatment reducing your alcohol use?
TREATMENT EFFECTIVENSS

How likely would you be to recommend this treatment to a friend or relative?
Taking all things into account, how satisfied are you with this treatment?

OVERALL SATISFACTION
Contingent Noncontingent

Not at all Not very Somewhat Very

*

*
*

Fig. 5. Ratings were measured across 3 general categories: overall satisfaction, treatment effectiveness, and ease of use of treatment compo-
nents. *Significant group difference (p < 0.05).
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