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Abstract

Aims—Contingency management (CM) uses tangible incentives to systematically reinforce
abstinence and is among the most efficacious psychosocial substance abuse treatments. This study
assessed the feasibility and initial efficacy of a portable CM procedure designed to address
technical limitations for detecting drinking that have prevented using CM for alcohol problems.

Design—-~Participants received a cell phone, breathalyzer, and training on video-recording
alcohol breath tests (BrACs) and texting results. For 4 weeks, staff texted participants 1-3 times
daily indicating a BrAC was due within the hour. Participants were randomized to (1) modest
compensation for submitting dated time-stamped BrAC videos regardless of results or (2) the
same plus CM with escalating vouchers for on-time alcohol-negative tests (n-BrAC; <02 g/dL).
Thank you texts were sent, with CM patients also informed of results-based earnings.

Setting—Participants’ natural environment.

Participants—Adults (M=30; =21 years) who drank frequently but not physiologically
dependent.

Measurements—Drinking and related problems were assessed at Intake and Week 4. BrACs
and self-reports of drinking were collected throughout. The primary outcome was percent of n-
BrACs. Other outcomes were longest duration of consecutive n-BrACs (LDA) and self-reports of
drinking.

Findings—On average, 88.6% (10.4%) of BrACs were submitted on time, without group
differences (p>.5). Percent of n-BrACs and LDA were greater with CM, and there was an
interaction effect on drinking frequency and negative consequences, with decreases over time with
CM (p=.00; effect sizes a=.52 to .62).

Conclusion—Cell phone technology may be useful for extending CM to treatment for alcohol
problems.
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Introduction

Excessive alcohol use is a major source of morbidity and mortality [1]. Approximately 17.6
million (8.5%) American adults have alcohol abuse or dependence [2], and 41.4% of
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substance abuse treatment admissions are for alcohol [3]. Most patients do not complete
treatment successfully [4], and relapse rates are high [5].

Contingency management (CM) is among the most efficacious psychosocial treatments for
substance use disorders [6;7;8] and holds potential to improve alcohol outcomes. CM
utilizes tangible incentives to reinforce abstinence. For example, patients submit biologic
samples two to three times per week and earn vouchers exchangeable for goods and services
for tests that read negative. VVoucher amounts typically escalate for each consecutive
negative test to promote sustained abstinence, a reliable predictor of long-term outcomes,
and vouchers reset when abstinence does not occur. CM is efficacious for increasing
abstinence from cocaine, opiates, benzodiazepines, marijuana, and cigarette smoking [9;10].

Laboratory and clinical studies suggest that CM might also be useful for treating alcohol
problems. Petry et al. [11] found that a greater percentage of alcohol-dependent veterans
randomized to CM for alcohol-negative breath tests (n-BrACs) remained abstinent and had a
longer time until relapse than standard care patients. However, Helmus et al. [12] reinforced
twice weekly n-BrACs in dual diagnosis patients and found all tests were alcohol-negative
despite reports of frequent drinking. In fact, alcohol measured in urine, blood, and breath
peaks about 1 hour following consumption and is eliminated rapidly, requiring multiple tests
daily to detect all use. Importantly, testing frequency is crucial to the effectiveness of CM
[7]. Infrequent reinforcement of abstinence may result in insufficient exposure to incentives
to improve outcomes.

One advance that improves detection of alcohol involves continuous alcohol monitoring
devices (e.g., SCRAMx®) that constantly detect transdermal alcohol. However, SCRAMX®
may have limited feasibility outside of the judicial system where it is typically used. Costs
are high, and they resemble location monitoring devices, which may affect acceptability. By
comparison, cell phones are widely accepted and familiar technology that may be useful, in
conjunction with breathalyzers, to reliably and validly monitor and reinforce alcohol
abstinence.

Research on cell phones to address barriers to detecting alcohol is lacking, but the smoking
literature provides a parallel. Smoking is typically detected via expired carbon monoxide
(CO). The short half-life of CO necessitates multiple tests daily to detect all smoking, as
with alcohol. Dallery and colleagues [13;14] evaluated an internet-based CM protocol
designed to address problems associated with frequent testing for smoking. Participants
were provided a study laptop, webcam, CO monitor, and study e-mail address. Participants
self-tested their CO level, recorded the process, reported results via webcam twice daily for
four weeks, and earned vouchers for smoking-negative tests; 97.5% of tests were completed,
and CM reduced smoking relative to baseline [14].

This study is the first to examine the feasibility of using cell phone technology to monitor
real-world drinking and administer CM. Cell phones are user-friendly, widely available, and
mobile, and can be used for daily surveys with good adherence [15]. The primary aim was to
assess the efficacy of cell phone-based CM for reducing drinking as assessed by proportion
of n-BrACs. CM effects on other indices of drinking and alcohol-related problems were
considered likely. Exploratory aims were to assess the validity and acceptability of the
procedures. If feasible, effective, and valid, these procedures could broaden the practical
application of CM to treating alcohol problems.
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Recruitment (V= 30) occurred between February and August 2011. The sample size of 15
participants per group was estimated from CM studies with similar design features and an
average effect size of d=0.94[7]. Respondents to an ad stating, “Volunteers needed for a
research study looking at alcohol use. If you are 21 or older and drink alcohol regularly, you
may qualify to participate” were initially screened via telephone, and in-person interviews
finalized eligibility and assessments. Inclusion criteria were (a) =21 years old, (b) = 4
drinking days and =12 drinks per week on average in the past 2 months, (c) a valid photo ID,
and willing to d) use cell phone and breathalyzer, and () sign an off-campus property
transfer form. Exclusion criteria were (a) desire alcohol treatment now or received it in the
past 6 months, (b) alcohol dependence with withdrawal per DSM-IV criteria, and (c) non-
English speaking. Participants provided written informed consent, approved by the
University’s Institutional Review Board. They were also asked to sign a separate consent
(not required for participation) to allow audiotaping of assessments for oversight purposes.
A Baccalaureate-level Research Assistant (RA) conducted all study procedures under
supervision of investigators. See Figure 1 for participant flow.

Assessments

Equipment

Training

A checklist based on modules from the Structured Clinical Interview for DSM-1V [16]
defined past year alcohol use disorders at Intake. Remaining assessments occurred at Intake
and Week 4. The Addiction Severity Index (ASI) [17;18;19;20] assesses severity of
psychosocial functioning, with composite scores ranging from 0 to 1 (low to high problem
severity). The Timeline Follow-back [21] uses calendar prompts to facilitate recall of
substance use. The Drinker Inventory of Consequences (DrInC) [22] assesses alcohol
problems, with higher scores indicating greater severity. Participants also completed a study
satisfaction questionnaire at Week 4.

Participants received $15 in gift cards for the Intake interview, $10 for Week 4, and $65 and
$25 for returning the cell phone and breathalyzer (see below), respectively.

Equipment included a breathalyzer (BACTRACK Select S30; BACTRACK, San Francisco,
CA), cell phone (Motorola Barrage; Motorola Mobility, Libertyville, IL), and accessories.
This phone supports multimedia messaging, has a 2 megapixel resolution, and dates and
time-stamps videos. The Verizon plan was $27 per month per phone, and included 200
minutes of talk (restricted to study numbers) and unlimited multimedia messaging.

The RA demonstrated the breathalyzer and cellphone functions (voice, video recording, text/
video messaging) and provided written step-by-step instructions. To record a breath alcohol
concentration test (BrAC), the breathalyzer is powered on. The phone’s video record button
is pressed, and the phone placed in a stand at head level (e.g., on a shelf) or held at arms-
reach with the elbow stabilized. Standing 2-3 feet away, the breathalyzer pre-test reading of
0.00 g/dL is displayed to the lens, the start button pressed (audible beep), and one inhales
and exhales (audible) into the breathalyzer until a beep sounds. Next, the BrAC test result is
displayed to the lens and the record button pressed to end recording. Lastly, the video is
reviewed to confirm that the test was captured, and then sent to the RA. The process takes
about 3 minutes. Participants completed at least three high quality videos, until comfortable
and efficient.

Ad(diction. Author manuscript; available in PMC 2014 May 01.
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Participants were instructed to keep equipment with them between 7 a.m. and 11 p.m. For
the first three days, the RA called to inquire about any problems, thanked participants for
videos sent at prompted times, and helped troubleshoot if needed.

Study Conditions

Participants were randomized to (1) BrAC Monitoring only (/=15) or (2) BrAC Monitoring
plus CM (77=15), using a computerized urn randomization procedure, stratifying individuals
on gender.

BrAC Monitoring only. The RA texted participants one to three times daily to indicate a
BrAC was due within the hour and the compensation for a valid on-time video. If a BrAC
video was not received within 30 minutes, a reminder text repeated that deadline and
possible compensation. Prompts occurred 8am to 11pm, but were clustered during evenings
and weekends (6pm to 11pm at least 5 evenings per week, and at least twice on two
evenings per week). Prompts prior to 6pm occurred 1-2 times per week. Participants were
informed that there would be up to 21 BrACs per week. On average, 10 prompts per week
occurred; the exact number and timing of tests was not divulged to dissuade participants
from concluding that any given prompt signaled completion of the daily requirements and
that drinking could commence and go undetected .

Each video was reviewed for quality and a thank you text sent communicating earnings.

Compensation for adherence was $1 per valid on-time video, $10 per 7-day period of all
BrACs valid and on-time, and $20 for at least 90% of all videos being valid and on-time.
Average earnings for perfect adherence were about $100, consistent with previous work

involving daily calls or emails [23].

BrAC Monitoring plus CM involved the same procedures above. These participants also
received escalating vouchers (promissory notes redeemable for a gift card or check in the
amount earned) for valid on-time n-BrACs (< .02 g/dL) [24]. Vouchers started at $2 for the
first n-BrAC and increased $0.50 for each consecutive n-BrAC, up to $10 maximum.
Vouchers reset to $2 when a BrAC read = .02 g/dL or was submitted late, and the highest
voucher level attained prior to a reset was reinstated after five consecutive n-BrACs. If all
tests were valid, on-time and negative, participants could earn about $340, an amount
consistent with efficacious voucher CM therapies (about $1000 over 12 weeks). Thank you
texts included voucher earnings and the amount possible for the next valid on-time n-BrAC.

Participants were encouraged to request voucher earnings at any point. All but one elected to
receive a lump sum payment at Week 4.

Data Analyses

Analyses were conducted on an intent-to-treat basis. Baseline data were examined for
differences by condition using chi-square tests (y2) and analysis of variance (ANOVA).

The primary aim was to assess the efficacy of CM on reducing drinking. Percent n-BrACs
(< .02 g/dL) was the primary outcome. Secondary drinking outcomes were longest duration
of abstinence (LDA) defined as the greatest number of consecutive days of n-BrACs and
self-reported (TLFB) number of drinking days and drinks per drinking day. Outcomes were
examined as a function of condition using univariate or repeated measures ANOVA or
ANCOVAL Cohen’s dindicates effect sizes for ANOVA analyses, Cramer’s V for x2
omega-squared (w?) indicates proportion of variance accounted for. Changes in DrInC and
ASI-Alcohol composite scores from Intake to Week 4 were examined using repeated
measures ANOVA or ANCOVA, with condition as the independent variable.

Ad(diction. Author manuscript; available in PMC 2014 May 01.
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In regard to the validity of procedures, the association between a BrAC = 2 g/dL and TLFB
self-reported drinking on a day was examined using the phi coefficient (®). For magnitude
of drinking, Kendall’s tau and Spearman’s rho described the relationship between the
highest BrAC result each day and TLFB number of drinks each day.

This is the first known study to examine feasibility and acceptability of breathalyzer and cell
phone technologies to monitor real-world drinking. Feasibility was assessed via descriptive
data on proportion of participants who returned equipment in working order and proportion
of prompts resulting in on-time BrAC videos. Frequencies of breathalyzer malfunctions,
invalid videos, and late videos by treatment conditions were examined using XZ; percent of
on-time BrAcs by condition was examined using univariate ANOVA. Differences between
conditions on the treatment satisfaction survey were examined using XZ tests. Analyses were
conducted with SPSS version 19 for Windows.

Baseline Characteristics

Table 1 depicts baseline and demographic variables. Participants in the Monitoring only
condition were on average significantly older, more educated, and had lower DrInC scores
than CM participants.

Drinking-related Outcomes

Validity

Number of BrAC prompts did not differ between conditions (CM, 629; Monitoring only,
610), F(1, 28) = 1.38, p=.25). Figure 2 depicts drinking outcomes by condition, Table 2
presents descriptive and statistical tests. CM participants submitted a higher percent n-
BrACs and achieved a greater LDA than Monitoring-only participants. Self-reported days of
drinking varied as a function of condition and time, with decreases over time with CM
relative to Monitoring only. ASI Alcohol and DrInC scores also varied as a function of
condition and time, with decreases over time with CM compared to Monitoring only.

Frequency of drinking defined by BrACs and TLFB reports were significantly correlated, ®
=.175, p=.00. Quantity of drinking defined by the highest BrAC reading each day and
TLFB number of drinks each day were significantly correlated (Kendall’s tau-b = .27, p=.
00) and monotonically related (Spearman’s rho = .31, p=.00).

BrAC prompts occurred until 11pm. Drinking after 11pm was reported on one or more days
by 8 (53.3%) Monitoring only and 9 (60.0%) CM participants (x2 (1) = 0.14, p=.71). The
median (IQR) number of days that drinking occurred after hours was 3.0 (8.0) and 1.0 (2.0)
in the CM and Monitoring conditions, respectively (Mann-Whitney U= 82.5, p=.22),
suggesting that CM participants did not simply adjust their drinking to avoid detection.

Feasibility and acceptability

Everyone (100%) returned breathalyzers and cell phones in good working order. No one
requested study withdrawal, and there were no study-related adverse events. Most BrAC

10f the three baseline variables that differed between conditions (Table 1), none were significantly correlated with percent n-BrACs,
the primary outcome. Years of education was significantly correlated with LDA (r=—0.44, p=.02) and ASI Alcohol (r= .40, p=.
03), and age was significantly correlated with TLFB drinking frequency (r= .56, p=.00) and magnitude(r= -.42, p=.02). Analyses
were conducted first including only the baseline variable significantly correlated with the outcome as a covariate, if any. Analyses
were repeated using the two remaining non-significantly correlated baseline variables as covariates, and conclusions were the same.
Analyses presented include only the baseline variable that correlated with the outcome measure as a covariate (years of education in
the LDA and ASI Alcohol analyses, age in the TLFB-based frequency and magnitude of drinking analyses)

Ad(diction. Author manuscript; available in PMC 2014 May 01.
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videos were valid and submitted on-time, with an average (£ SD) of 86.0% + 12.9% in
Monitoring only and 91.2% + 7.8% in the CM condition (~ (1, 28) = 1.94, p= .18, d=0.14).
Problems included breathalyzer malfunctions (CM: 7 instances; Monitoring only: 1), invalid
videos (e.g., too dark; CM: 2 instances; Monitoring only: 3), and late videos (CM: 13
instances; Monitoring only: 8), without group differences (x2 = 1.33; s > .29). When
breathalyzers malfunctioned, the RA helped problem-solve and provided replacement
breathalyzers if needed?.

All participants except one (administrative error) completed the Treatment Satisfaction
survey (see Table 2). On perceived effect of procedures on drinking, 71% of CM
participants endorsed “quite a bit” or “a lot” compared to 0% of Monitoring only
participants. Differences between conditions on the remaining items were not significant.
Most participants reported being at least moderately satisfied with procedures, and most
endorsed 2—-3 months of monitoring as the best duration of time to reduce drinking.

Compensation and Voucher Earnings

Compensation for adherence was on average (+ SD) $69.2 + $27.9 and $61.3 + $27.8 in the
CM and Monitoring only condition, respectively, F(1, 28) = 0.61, p= .44, with $2.33 £
$0.99 earned per day. CM participants earned on average $219 + $106 in vouchers for n-
BrACs, or $3.91 + $4.77 per day. All but one CM participant elected to receive total
voucher earnings in a check at the end of the study.

Discussion

This study examined the feasibility and initial efficacy of using cell phones and
breathalyzers to remotely monitor alcohol consumption and reinforce abstinence in
individuals’ natural environments. Adherence rates were high, and participants encountered
few problems, supporting feasibility. CM was associated with increased rates and durations
of alcohol abstinence and decreases in self-reported days of drinking and problem severity
during the intervention.

Although cell phones are nearly ubiquitous, few participants were familiar with self-
videotaping and multimedia messaging procedures. Training on equipment occurred
primarily in a single 30-min session, with few problems. Adherence with the testing and
submission process was 89% overall, consistent with previous research using similar
compensation for daily surveys [23] and other tools with demonstrated benefits on
adherence [15].

CM increased the likelihood of n-BrACs and LDA. Treatment effect sizes were “medium”
to “large” in magnitude [25] and in the range found in previous CM research with single
drug targets and similar reinforcement magnitudes [7,8]. Reductions in alcohol-related
problems were noted with CM as well, even though participants’ problems had not risen to
the level that motivated seeking treatment. Whether similar results would be observed in
patients trying to quit or reduce their drinking is an important empirical question.

This study highlights several methodological considerations for future research. First, BrAC
and TLFB drinking measures were significantly correlated, indicating validity of the remote
monitoring procedure. However, correlations were only & = .175 for drinking frequency and

2The principle issue related to breathalyzer maintenance that arose during the study was the tendency for the plastic mouthpieces to
break. Research staff hand delivered replacement pieces to participants the same day when needed to avoid disrupting breath test
procedures. Future efforts should consider supplying extra mouthpieces to participants upfront to avoid these costs in staff time and

effort.
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Kendall’s tau-b = .27 for drinking magnitude. The relatively short elimination rate of alcohol
and the testing schedule made capturing all instances of drinking unlikely, while the self-
report data were comprehensive. Measures more sensitive to fluctuations in drinking over
short intervals, like ecological momentary assessments or daily diaries indicating timing of
drinking, may be more appropriate to assess validity of this procedure.

Second, although this monitoring strategy captured alcohol-positive tests, representing
improved sensitivity over typical periodic in-person testing, self-reports indicated some
occasions of drinking beyond the daily monitoring period. One option to improve detection
may be to extend monitoring beyond 11pm, although other studies have also used this cutoff
[26] and extending monitoring may impact acceptability. Another option may be to increase
the frequency of breath tests. There is precedence for asking social drinkers to respond to
four random prompts daily to complete Interactive VVoice Response (IVR) surveys for 14
days, with 92% adherence [26], and for asking smokers trying to quit to respond to four
random prompts daily to complete surveys via palmtop computers for one week, with 78%
adherence [27]. Nevertheless, increasing testing frequency in this context may be impacted
by its relatively greater response demands.

Third, this intervention was relatively brief. Generally, higher treatment intensity and
duration improves outcomes [28;29]. With CM, longer durations do not inevitably translate
into improved outcomes [7], but research on CM for alcohol problems is also limited.
Longer durations of monitoring and reinforcement may be appropriate and acceptable in
individuals with higher severity of alcohol problems seeking to reduce use. Anecdotally,
most participants indicated that a longer monitoring duration would be best to decrease
drinking.

Fourth, text message prompts, reminders, and thank-you’s were completed manually.
Existing technologies such as IVR and internet could automate these procedures in whole or
in part, broadening scope and reach. Automated monitoring and reinforcement of alcohol
abstinence may ultimately be less costly than some other forms of treatment, and costs may
decrease further as technology advances and video capture features become more
commonplace, perhaps obviating the need to provide cell phones. Research suggests the
cost-effectiveness of CM therapy for illicit substance use [30]. Future studies are needed to
evaluate the cost-effectiveness and long-term efficacy of these specific procedures in
treatment populations.

Fifth, participants were encouraged to redeem earnings at least weekly because research
indicates that delayed reinforcement adversely affects outcomes [e.g., 7;31;32]. However, all
but one participant elected to receive earnings in one lump sum at the end. Congratulatory
messages sent to participants had earnings specified and may have served as second order
reinforcers. Also possibly involved is that in the extant literature, delays to reinforcement
have largely been researcher-imposed, whereas the participants herein chose their preferred
delays.

Limitations include that the sample size was relatively small, possibly limiting
generalizability. There were baseline differences between conditions, although these were
controlled statistically to the extent possible. This was not a treatment study. Individuals
with greater severity of alcohol problems may require modifications such as more dense
testing schedules to realize improvements, while those desiring to reduce their drinking may
be motivated and more likely to decrease drinking in response to the monitoring alone
procedures. In this study, monitoring occurred for four weeks, and the acceptability of
longer durations is unclear. Future research may examine adjusting the testing schedule to
capture more drinking episodes and effects on feasibility and acceptability. In any case, the
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random prompt method used herein was acceptable and efficacious in substantially reducing
drinking, at least in the short term.

Several strengths of this study are noteworthy. These results provide evidence of the
feasibility of an innovative strategy to address technical limitations on monitoring and
reinforcing alcohol abstinence. The portable procedures were sufficient to detect instances
of drinking that would go undetected with conventional methods. CM was associated with
significant reductions in alcohol use. Both objective and subjective measures were collected
allowing examination of convergence and divergence in measures.

Overall, this study provides initial evidence of feasibility and efficacy of this innovative CM
procedure for reducing alcohol use. Coupled with the substantial literature of improvements
in substance use treatment outcomes with CM, this study suggests a remote monitoring and
reinforcement procedure that has potential to extend the benefits of CM to treating alcohol
problems.
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Figure 1.

The flow of participants from the point of initial contact through data analysis is presented
per Consolidating Standards of Reporting Trials (i.e., CONSORT) guidelines.
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Figure 2.

Primary drinking outcomes were the percent of breath tests negative for alcohol (< 0.02 g/
sL), LDA (longest duration (in days) of abstinence, defined by negative breath test results),
and change in frequency and magnitude of drinking over the 28 days immediately pre-study
compared to the 28-day intervention period. Study conditions differed significantly on the
percent of breath tests negative for alcohol (< 0.02 g/dL), LDA, and as a function of
condition and time on frequency of drinking. Data points represent means and standard
deviations. The asterisk (*) indicates a significant difference between groups, p< .01. T
indicates a significant condition by time interaction, p< .01.
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Table 1

Baseline and Demographic Information by Treatment Condition

Variables Monitoring Monitoring
Only PlusCM Statistic (df)

N 15 15
Age (mean, SD) 445 (14.3) 342(104)  F(L,28)=5.14*
Female () 60.0% (9) 66.7% (10) x%(1)=0.14
Non-Hispanic Ethnicity (7) 93.3% (14) 86.7% (13) x2(1)=0.37
Race (7)) x% (4)=2.10

African American 6.7% (1) 6.7% (1)

Caucasian 80.0% (12) 60.0% (9)

Native American 0.0% (0) 6.7% (1)

Asian 6.7% (1) 13.3% (2)

More than one race 6.7% (1) 13.3% (2)
Marital Status (1) x%(4)=1755

Never Married 26.7% (4) 66.7% (10)

Remarried 0.0% (0) 6.7% (1)

Divorced 20.0% (3) 13.3% (2)

Married 46.7% (7) 13.3% (2)

Cohabitating 6.7% (1) 0.0% (0)
Employment, Past 3 years (1) X% (4)=4.18

Full-time 80.0% (12) 66.7% (10)

Part-time — regular hours 13.3% (2) 13.3% (2)

Part-time — irregular hours 0.0% (0) 6.7% (1)

Student 0.0% (0) 13.3% (2)

Retired or Disability 6.7% (1) 0.0% (0)
Net Income, Past month F(1,28)=2.74

(mean, SD) $2720 ($1792)  $1753 ($1384)
Education, years (mean, SD) 16.7 (1.8) 14.9 (2.3) F(1,28) =5.88*
Alcohol Abuse (1) 60.0% (9) 60.0% (9) x2(1)=0.00
Alcohol Dependence (1) 33.3% (5) 53.3% (8) x%(1)=1.22
Substance Use, Past 30 Days

Days of Alcohol Use (mean, F(1,28)=.20
Sl 24.2 (5.2) 23.4 (4.6)

Drinks per Drinking Day F(1,28)=0.07

(mean, SD) 4.4(3.2) 4.2 (1.9)

Days of Cocaine Use U=105.0
(median, interquartile range) 0.00 (0.0) 0 (0.0)

Days of Marijuana Use U=99.0
(median, interquartile range) 0.00 (0.0) 0.00 (0)
ASI Alcohol score (mean, SD) 0.32 (0.09) 0.38 (.11) F(1,28)=297
DrInC score (mean, SD) 65.0 (10.7) 731(9.0)  F(1,28)=5.04*

Note. An asterisk indicates a p-value < 0.05.

a .
Drinker Inventory of Consequences.
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