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Abstract

Background—Recently, we demonstrated that transdermal alcohol monitors could be used in a
contingency management procedure to reduce problematic drinking; the frequency of self-reported
heavy/moderate drinking days decreased and days of no to low drinking increased. These effects
persisted for three months after intervention. In the current report, we used the transdermal alcohol
concentration (TAC) data collected prior to and during the contingency management procedure to
provide a detailed characterization of objectively measured alcohol use.

Methods—Drinkers (n = 80) who frequently engaged in risky drinking behaviors were recruited
and participated in three study phases: a 4-week Observation phase where participants drank as
usual; a 12-week Contingency Management phase where participants received $50 each week
when TAC did not exceed 0.03 g/dl; and a 3-month Follow-up phase where self-reported alcohol
consumption was monitored. Transdermal monitors were worn during the first two phases, where
each week they recived $105 for visiting the clinic and wearing the monitor. Outcomes focused on
using TAC data to objectively characterize drinking and were used to classify drinking levels as
either no, low, moderate, or heavy drinking as a function of weeks and day of week.

Results—Compared to the Observation phase, TAC data indicated that episodes of heavy
drinking days during the Contingency Management phase were reduced and episodes of no
drinking and low to moderate drinking increased.
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Conclusions—These results lend further support for linking transdermal alcohol monitoring
with contingency management interventions. Collectively, studies to date indicate that
interventions like these may be useful for both abstinence and moderation-based programs.
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1. INTRODUCTION

Recent advances in technology have improved the ability to objectively monitor alcohol use.
Transdermal alcohol monitoring devices such as the Secure Continuous Remote Alcohol
Monitor [SCRAM-II™, Alcohol Monitoring Systems Inc. (AMS), Highlands Ranch, CO]
provide a real-time measure (every 30 minutes, 24 hours a day) of alcohol excreted through
the skin (Swift, 2000; 2003). This transdermal alcohol concentration (TAC) data can then be
used to estimate both breath alcohol levels and quantity of alcohol consumed as well as
identify patterns of alcohol consumption (Dougherty et al., 2012; Hill-Kapturczak et al.,
2014).

Recent research has sought to test the feasibility and effectiveness of using transdermal
alcohol monitors in contingency management interventions to reduce or eliminate alcohol
consumption (Barnett et al., 2011; Dougherty et al., 2014a). Contingency management
interventions are based on operant conditioning principles whereby individuals receive
reinforcers (e.g., money or vouchers) when treatment goals such as abstinence or moderation
of substance use are achieved (Higgins et al., 1994; Stitzer et al., 1980; Stitzer and Petry,
2006). This approach has been shown to be an effective intervention for a variety of
substances (reviewed in Prendergast et al., 2006; Roll et al., 2006). Because contingency
management requires the use of real and important consequences to reinforce abstinence or
reduced drug use, it requires an objective measure of drug use that will be unbiased by self-
report and identify levels of drinking. With other drugs of abuse (e.g., cocaine, opaites,
marijuana), contingency management interventions have been possible through the use of
urine-drug screen testing (Markway and Baker, 2011). In contrast to other drugs of abuse,
biological markers for identifying alcohol use are not as straightforward for the use of
financial contingencies.

Current alcohol use detection methods are typically a combination of self-report and alcohol
use biomarkers. Self-reported alcohol use often underestimates drinking in real-world
settings due to memory impairment, poor insight, or an unwillingness to self-report (de
Visser and Birch, 2012; Devos-Comby and Lange, 2008; Kerr and Stockwell, 2012; May
and Gossage, 2011; Sobell and Sobell, 2003; White et al., 2003). In the context of
contingency management, financial motivation would be expected to make self-report
especially vulnerable to inaccurate under-reporting of drinking. Clinical interventions often
rely on self-report measures, but there is a definite move towards and increased reliance
upon other alcohol use biomarkers (e.g., Anton et al., 2002; Kranzler et al., 2004; Mann et
al., 2013; Pettinati et al., 2010) to objectively detect alcohol use.
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However, biomarkers can be unreliable indicators of alcohol use. For example, non-specific
alcohol use markers [e.g., y-glutamyltransferase (GGT) or carbohydrate deficient transferrin
(CDT)] measured in blood have long half-lives (weeks to months), but they are only reliable
at detecting heavy drinking and may provide false positive results (reviewed in Javors and
Johnson, 2003; Maenhout et al., 2013; Mufiiz-Hernandez et al., 2014)]. For example,
increased serum GGT or CDT levels can occur in conditions not related to alcohol use. In
the case of GGT, these conditions include obesity, diabetes, hypertension,
hypertriglyceridemia, and non-alcoholic liver disease (reviewed in Mufiiz-Hernandez et al.,
2014). In the case of CDT alternative causes for increases include phosphomannose
isomerase deficiency, genetic transferrin variants, untreated galactosemia, hereditary
fructose intolerance, and pregnancy (reviewed in Helander et al., 2014). In contrast, direct
markers (e.g., ethanol or the ethanol metabolites ethyl-glucuronide and phosphatidylethanol)
while specific for alcohol, have shorter half-lives (hours to weeks) which limit the window
of detection (reviewed in Javors and Johnson, 2003; Maenhout et al., 2013). However,
transdermal alcohol monitoring provides a continuous, objective measure of alcohol use
which has the ability to detect different levels of drinking (i.e., no, low, moderate, and heavy;
Dougherty et al., 2014a). As such, transdermal alcohol monitoring offers a new level of
analysis for interventional studies and may even be used in the intervention itself. With the
development of minimally invasive transdermal alcohol monitoring procedures, contingency
management has only recently been validated as a possible intervention to moderate or
control alcohol consumption.

There have been two preliminary studies that have used transdermal alcohol monitoring to
implement contingency management designed to reduce alcohol use (Barnett et al., 2011;
Dougherty et al., 2014a). The first study, conducted by Barnett and colleagues (2011), used
transdermal alcohol monitors in a 2-week contingency management intervention to achieve
abstinence. They demonstrated that financial contingencies did reduce the frequency of
heavy drinking among a small sample of heavy drinkers (7= 13) across a 2-week period.
However, these reductions were achieved primarily through increased abstinence and there
was no evidence for reduced levels of drinking when drinking occurred. In the second study,
we (Dougherty et al., 2014a) used transdermal alcohol monitors in an 8-week contingency
management intervention designed to moderate alcohol consumption among a group of non-
treatment seeking drinkers (77 = 26) who frequently engaged in at-risk drinking (as defined
by NIAAA, 2010). Instead of using an abstinence criteria, our study used transdermal
alcohol monitoring to reinforce lower-level or less harmful patterns of drinking. More
specifically, the contingency intervention provided monetary incentives each week when
transdermal alcohol concentrations did not exceed 0.03 g/dl (i.e., approximately one or two
standard drinks) on any day of the week. Not only did participants decrease their frequency
of any drinking, but the amount of alcohol consumed per drinking episode also decreased —
most importantly, this included reductions in heavy weekend binge drinking. During the
course of this latter study, it became apparent that transdermal alcohol monitors can be used
not only to dichotomously define whether or not any drinking occurred, but also to
characterize levels of consumption defined as no, low, moderate, or heavy drinking.
Together, these two preliminary studies indicate that transdermal alcohol monitors can be
used to contingently reduce drinking, but also to moderate the amount of alcohol use.
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More recently, we have shown in a 12-week contingency management study that self-
reported problematic levels of drinking could be reduced to safer levels among a large group
(n=80) of at-risk heavy drinkers (Dougherty et al., 2014b). That publication focused on the
self-reported drinking observed using standard calendar-based methods of Timeline
Followback interview (Sobell and Sobell, 1992). However, the contingency was actually
implemented using TAC readings to reinforce non-heavy drinking patterns; it is important to
understand exactly what the strictly objective observations of TAC data will tell us about
drinking behavior. The present report now presents the completed analyses of the TAC
outcome data collected during the study. Specifically, we use the TAC data collected during
transdermal alcohol monitoring to objectively characterize the patterns of alcohol use (no,
low, moderate, and heavy drinking days) during the 4-week observation phase that preceded
contingency management and then throughout the 12-week contingency management phase.

2. METHODS

2.1 Participants and criteria

Eighty-two adults were recruited from the community using newspaper, radio, and television
advertisements. Potentially eligible participants were identified using a brief phone interview
and came into the clinic for a more in-depth screening. This screening procedure included a
substance use history, psychiatric assessment (Structured Clinical Interview for DSM-IV-TR
Axis | Disorders; First et al., 2001), intelligence testing (Wechsler Abbreviated Scale of
Intelligence; Wechsler, 1999), urine-drug and pregnancy tests, and a physical examination.
Eligible participants included those reporting patterns of drinking that met or exceed the
NIAAA (2010) “at-risk” drinking criteria: > 3 drinks for women or > 4 drinks for men at
least 3 times in the prior 28 days (using a Timeline Followback interview, see 2.3.2).
Participants were deemed ineligible for the following reasons, including: 1Q < 70, current
Axis | disorder, history of substance dependence, a positive urinalysis for drugs of abuse
(cocaine, THC, opiates, barbiturates, benzodiazepines, and methamphetamine), pregnancy;,
or medical condition that would be contraindicated for alcohol consumption. All participants
gave written consent and the protocol was approved by the Institutional Review Board at
The University of Texas Health Science Center at San Antonio. Of the 82 participants who
entered the study, 2 participants were not included in the final analyses because one dropped
out prior to the Contingency Management phase and one completed only one week of the
Contingency Management phase (see Section 2.2 for description of the study phases).

2.2 Procedure

There were three study phases. The first phase was an Observation phase where participants
wore a transdermal alcohol ankle monitor (see 2.3.1) for 4 weeks and were told to drink as
usual. Participants were instructed that they could not remove the monitor or immerse the
device in water (e.g., no swimming or taking a bath). At each weekly visit, any issues with
the device (such as comfort of the device tightness and placement) were discussed and
resolved. Participants came to the clinic weekly for approximately 30 minutes to download
transdermal ankle monitor data (see 2.3.1) and conduct a 7-day Timeline Followback
(TLFB) interview. At each weekly clinic visit, participants were paid $105 per visit ($25 for
the clinic visit and $80 for wearing the ankle monitor).
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After completing the Observation phase, participants entered the Contingency Management
phase where they continued to wear the transdermal monitor for an additional 12 weeks.
They were paid an additional weekly bonus of $50 for each week that they met TAC
contingency criteria of never having 3 readings above a 0.03 g/dl on any day of the week
using only drinking events confirmed by AMS (AMS, the manufacturer of SCRAM,
reviewed all uploaded TAC data and, using proprietary methods, confirmed whether or not a
drinking event occurred). This was exactly the same criterion we employed in our pilot study
(Dougherty et al., 2014a). Participants were told that a single drink (e.g., 1 beer), for most
people, would not exceed this criterion. Participants came to the clinic once per week for
approximately 30 minutes to download transdermal ankle monitor data and conduct a 7-day
TLFB interview. As in the Observation phase, all participants were paid $105 per visit. The
additional weekly $50 bonuses were paid (or not) solely based on transdermal alcohol
monitoring data. At the completion of the Contingency Management phase, the transdermal
alcohol monitors were removed.

The final phase was a 3-month Follow-up phase, where participants returned to the clinic
monthly and a 28-day TLFB interview was completed. No drinking restrictions were in
place during this phase. Participants were paid $85 for each monthly visit.

2.3 Alcohol Use Measurements

2.3.1 Transdermal alcohol monitoring—The transdermal alcohol monitoring devices
used in this study were SCRAM-II™ monitors. Each participant was fitted with a device on
their ankle and continued to wear it for the duration of their participation in the Observation
and Contingency management phases. SCRAM-11 measured transdermal alcohol
concentration (TAC) continuously every 30 minutes 24 hours/day, 7 days/week until the
devices were removed. Infrared signals and body temperature were also recorded at each
reading to verify that no tampering or device disruption occurred. Data (TAC, infrared
signals, and body temperature) from the monitors were downloaded at each weekly visit
using Direct Connect™ (Alcohol Monitoring Systems Inc.).

2.3.2 Timeline Followback interview (TLFB; Sobell and Sobell, 1992)—The
TLFB procedure was used to characterize self-reported drinking at study entry and at
subsequent study visits. Information was gathered regarding the number, type, size of drinks,
and duration of each drinking event. This information was used to calculate the number of
standard units of alcohol consumed (NIAAA, 2010)

2.4 Data Analysis

Descriptive statistics were used to summarize participant characteristics and sex differences
were examined using £tests or chi-squared tests for continuous and categorical variables,
respectively.

The final analyses included 80 participants who completed two or more weeks of the
Contingency phase. Fourteen participants withdrew at various times during the Contingency
Management phase for reasons unrelated to the study (for a complete description of why and
when participants withdrew, see Figure 1 in Dougherty et al., 2014b). We compared the
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dropouts (7= 14) and completers (7= 66) on demographics (sex, age, BMI, ethnicity, and
race), average drinks per drinking day, at-risk drinking days (men consuming > 4 and
women > 3 alcoholic beverages), and total number of binges (the number of occurrences of
> 5 drinks for men and > 4 drinks for women in 2 hours) in the 28 days prior to entering the
Observation phase and found no significant differences between the two groups on any of
these variables (see Table 2 in Dougherty et al., 2014b). In addition, for each outcome of
interest, we conducted a sensitivity analysis by imputing missing outcome values using
multiple imputation with chained questions (MICE) approach. To impute missing values, we
adjusted for time of measurement (week/phase), gender, age, race, ethnicity, marital status
and total drinking days, and created 10 imputed data sets. The results after imputation were
similar to the results without imputation (i.e., using all available data from the Proc Mixed
without imputation). Therefore, the final analyses were conducted using all available data
from the 80 participants who completed the 4 weeks of Observation and at least 2 weeks of
the Contingency Management phase without imputation. Of these 80 participants, 4 had a
single week of missing data occurring randomly throughout the phase due to monitor failure,
which is less than 1% of the total possible data.

The percent of participants who met the contingency criterion (i.e., TAC < 0.03 g/dl each
day throughout each week) during the 4-week Observation phase (where no contingency
was in place) and the 12-week Contingency management phase (where participants were
paid the $50 bonus each week if they met the contingency criteria) was determined. A
repeated measures logistic regression was used to examine the effects of phase and week
nested within phase on the odds of meeting the contingency criteria throughout the whole
week; a generalized estimating equations approach was employed using an unstructured
correlation matrix. Linear trends across weeks within each phase were examined by treating
week as a continuous variable in a repeated measures logistic regression model that included
phase, week, and the interaction between phase and week as the explanatory variables.

For each day, four levels of drinking were classified as reported previously (Dougherty et al.,
2014a): a) no drinking (TAC = 0 all day long); b) low drinking (pkTAC > 0 and < 0.03g/dI);
c¢) moderate drinking (pkTAC = 0.03 and eBrAC < 0.08%); and d) heavy drinking (estimated
BrAC = 0.08%). Because NIAAA definitions of heavy drinking are related specifically to
breath alcohol (i.e., drinking 5 drinks for men or 4 for women within 2 hrs would be
expected to produce intoxicating levels of 0.08% of breath alcohol), we used TAC data [peak
TAC (pkTAC) and time-to-peak TAC] to estimate peak BrAC (eBrAC) using an equation
(eBrAC = 0.02158 + 0.3940 *pkTAC + 0.000149 * time-to-peak TAC - 0.00366 * sex —
0.1887 * pkTAC * sex) previously reported and validated (Hill-Kapturczak et al., 2014). For
each participant, daily drinking level results were consolidated across each week to compute
the percentage of days of drinking at each of the four drinking levels. For each drinking level
of interest, a mixed effects model with an unstructured covariance matrix was used to
examine the effects of phase and week nested within phase. Linear trends across weeks
within each phase were examined by treating week as a continuous variable in a mixed
effects model that included phase, week, and the interaction between phase and week as the
explanatory variables.
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To examine the effect of weekday, each participant’s percentage of days with any drinking
(TAC > 0) and percentage of days with heavy drinking (eBrAC = 0.08%) were computed for
each weekday. A mixed effects model with an unstructured covariance matrix was used to
examine the effects of phase, weekday, and the interaction between phase and weekday as
the explanatory variables. All statistical tests were conducted with 2-sided significance
levels of 0.05 using SAS (Version 9.3, SAS Institute, Inc., Cary, NC).

3. RESULTS

3.1 Participant characteristics

As previously reported (Dougherty et al., 2014b), men (7= 50) and women (= 30) did not
differ in age (29.96 + 8.57 and 30.60 * 8.70, respectively), body mass index (29.96 + 3.23
and 26.51 + 4.47, respectively), drinks per drinking day (7.98 + 2.98 and 6.49 + 2.76,
respectively) or their at-risk drinking days (men consuming > 4 and women > 3 alcoholic
drinks; 10.30 £ 4.70 and 10.17 + 5.63, respectively). Participants were largely Hispanic or
Latino (men = 52%, women = 80%).

3.2 Percent of participants maintaining TAC < 0.03 g/dl per week

Figure 1 shows the percentage of participants who kept their TAC levels less than the 0.03
g/dl for the entire week. Contingency management significantly (Xz(l) =40.89, p<0.001)
increased the proportion of subjects (average weekly percentage = 44.2%) meeting the
TAC< 0.03 g/dI criteria compared to the observation period (average = 9.6%) before the
contingency was implemented. On average, the odds of maintaining TAC below 0.03 g/dl for
the entire week was more than 7-fold greater in the Contingency Management phase than the
Observation phase (OR = 7.44, 95% CI = 4.39 — 12.60). There was also a significant effect
of week within phase (X2(14) =29.24, p=0.01) and those weekly trends differed by phase
(p=0.014). That is, the odds of keeping TAC levels below 0.03 g/dl did not change over the
12 weeks of contingency management (p = 0.71) but showed an increasing trend over the 4
weeks of observation (p < 0.001) reaching a maximum of 18.8% by week 4.

3.3 Characterization of drinking levels (none, low, moderate, and heavy)

To evaluate our objective aimed at reducing heavy drinking without requiring abstinence, we
examined the four possible classifications of daily drinking pattern (no, low, moderate, and
heavy drinking) as described in the methods. Figure 2 shows the average percent of days
with none, low, moderate, and heavy levels of drinking. The frequency of occurrence for
each classification was analyzed separately.

3.3.1 No drinking—The frequency of no drinking showed significant main effects of
phase (A1, 1089) = 123.86, p < 0.001) and week within phase (A14, 1089) = 3.39, p<
0.001), and the weekly trends within phase were significantly different between the
Observation and Contingency Management phases (A1, 1102) = 10.93, p=0.001). During
the 4 weeks of the Observation phase, there was a significant increasing trend (slope = 2.82
per week, p=0.02) of no drinking, and during the 12 weeks of Contingency Management
there was a significant decreasing trend (slope = —1.20 per week, p < 0.001). Nonetheless,
the average percent of drinking days categorized as none was significantly higher in the
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Contingency Management phase (M= 46.79%, SD = 31.75%) compared to the Observation
phase (M= 29.04%, SD = 24.46%) indicating that participants were less likely overall to
drink during the Contingency Management phase compared to the Observation phase.

3.3.2 Low-level drinking—The frequency of low drinking showed significant main
effects of phase (A1, 1089) = 80.56, p < 0.001) and week within phase (A14, 1089) = 2.35,
p = 0.003); however, the weekly trends within phase were not significantly different between
the Observation and Contingency Management phases (p= 0.11). During the 4 weeks of the
Observation phase, there was an increasing trend (slope = 0.45 per week, p= 0.47) in low-
level drinking, and during the 12 weeks of Contingency Management there was a significant
decreasing trend (slope = —0.57 per week, p < 0.001). Nonetheless, the average percent of
drinking days categorized as low in the Contingency Management phase (M= 12.56%, SD =
14.57%) was greater than in the Observation phase (M= 5.06%, SD = 9.16%). That is,
participants were more likely to engage in low-level drinking during the Contingency
Management phase than the Observation phase.

3.3.3 Moderate-level drinking—The frequency of moderate drinking showed significant
main effects of phase (A1, 1089) = 5.63, p=0.02) and week within phase (A14, 1089) =
3.98, p<0.0001); however, the weekly trends within phase were not significantly different
between the Observation and Contingency Management phases (o = 0.48). During the 4
weeks of the Observation phase, there was an increasing trend (slope = 0.36 per week, p=
0.67) in moderate drinking, and during the 12 weeks of Contingency Management there was
a significant increasing trend (slope = 0.96 per week, p < 0.001). Furthermore, the average
percent of drinking days categorized as moderate was greater in the Contingency
Management phase (M= 18.65%, SD = 19.54%) compared to the Observation phase (M=
16.40%, SD = 17.26%). Overall, participants drank moderately more often in the
Contingency Management phase than in the Observation phase.

3.3.4 Heavy-level drinking—The frequency of heavy drinking showed significant main
effects of phase (A1, 1089) = 352.45, p< 0.001) and week within phase (AH14, 1089) =
2.80, p <0.001), and the weekly trends within phase were significantly different between the
Observation and Contingency Management phases (A1, 1101) = 15.42, p< 0.001). During
the 4 weeks of the Observation phase, there was a significant decreasing trend (slope =
-3.63 per week, p=0.001) in heavy drinking, and during the 12 weeks of Contingency
Management there was a significant increasing trend (slope = 0.80 per week, p < 0.001). In
addition, the average percent of drinking days categorized as heavy was less during the
Contingency Management phase (M= 22.01%, SD = 26.72%) compared to the Observation
phase (M= 49.49%, SD = 27.21%). That is, participants drank heavily more often in the
Observation phase than in the Contingency Management phase.

3.4 Characterization of drinking as a function of day of week

Because most heavy drinking occurs on weekends (e.g., Finlay et al., 2012; Haines et al.,
2003; Kuntsche and Cooper, 2010), we also averaged, for each participant, the frequency of
drinking at each classified level across weeks for each day of week. Figure 3 shows those
results for “any drinking” (Figure 3a) and “heavy drinking” (Figure 3b). Any drinking
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revealed significant main effects of weekday (A6, 1027) = 27.79, p< 0.001) and phase (A1,
1027) = 210.46, p< 0.001), but the weekday by phase interaction was not significant (p =
0.45). Pairwise comparisons showed that any drinking was less frequent during the
Contingency Management than during the Observation phase for each weekday (all p <
0.001); there was no evidence that any drinking on one weekday was less than another.
Likewise, heavy drinking frequency (Figure 3b) showed significant main effects of weekday
(A6, 1027) = 32.94, p< 0.001) and phase (A1, 1027) = 515.40, p< 0.001) and there was no
weekday by phase interaction (p = 0.20). Pairwise comparison revealed that each weekday
differed by phase with heavy drinking decreased during Contingency Management
compared to the Observation phase (all p< 0.001).

3.5 Concordance of self-reported alcohol consumption with TAC contingency

Overall, during the Follow-up phase, participants drank heavily on 22.19% of the days,
moderately on 4.69% of the days, at low levels 5.13% of the days, and did not drink at all on
67.99% of the days. Because only self-reported data was collected during the Follow-up
phase, a direct comparison between the self-reported data and TAC data is not possible.
Figure 4 depicts the number of drinks per week self-reported by participants, for those
weeks when they met the TAC contingency criteria and for those weeks when they failed to
meet contingency criteria throughout the course of the study. Significant main effects of
Phase (A1,1086) = 86.50, p< 0.001) and meeting TAC contingency criteria (A1, 1086) =
362.37, p< 0.001) were observed; and there was no significant effect of week within phase
(H14, 1086) = 1.2, p=0.265). This clearly indicates that when participants failed to meet
the contingency, they consistently also self-reported that indeed they had consumed
significantly more standard drinks in that week (model based least squares mean = 27.86, SE
= 1.09). Conversely, participants also reported drinking only a little (M= 8.62, SE=1.32)
during those weeks when they met criteria.

4. DISCUSSION

The current report provides a detailed characterization of alcohol use observed by
objectively-measured TAC data collected during a contingency management procedure
which financially reinforced subjects for maintaining low TAC levels (< 0.03 g/dl) each day
throughout each week over a 12-week contingency period. We found that compared to
baseline, the contingency increased the likelihood that participants were able to keep their
TAC levels below 0.03 g/dl each day throughout each week over a 12-week Contingency
Management phase. We previously showed that this contingency worked for 4 weeks in a
pilot study (Dougherty et al., 2014a). The current report demonstrates that we can avoid
relying exclusively upon self-report and use objectively-measured TAC data to monitor
drinking levels. First, we estimated BrAC levels from TAC data using previously-published
methods (Hill-Kapturczak et al., 2014), and found that the contingency reduced the
frequency of heavy drinking days (i.e., estimated BrAC > 0.08%) compared to the
Observation phase, which included decreases on the weekends (see Figure 3). Second, we
used raw TAC data only to estimate the frequency of abstinence (i.e., TAC = 0) and days of
lower level drinking defined as TAC > 0 but less than the estimated BrAC level of 0.08%
(i.e., both low and moderate drinking). Specifically, we found that the contingency increased
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days of TAC = 0 (i.e., no drinking) as well as the frequency of low-level drinking (defined as
TAC > 0 but less than the 0.03 contingency level) and moderate drinking (TAC > 0.03 but
less than estimated BrAC < 0.08%). These data clearly demonstrate that modest financial
contingencies can be used to reduce the frequency of harmful drinking and that alcohol
monitoring devices can be used both to implement the contingency as well as to monitor
results.

Given the known power of contingency management (Hartzler et al., 2012; Prendergast et
al., 2006), it is not surprising that a financial contingency of keeping TAC levels below 0.03
g/dl each day increased the frequency of days of abstinence and produced a shift from higher
TAC level-classified drinking patterns to lower TAC levels and classified drinking patterns.
The validity of these TAC-based conclusions are consistent with the previous report of a
shift from heavier to lower-level drinking patterns (Dougherty et al., 2014b). Further, the
current study found substantially more standard drinks per week were self-reported on those
weeks in which participants failed to meet the contingency criteria than on weeks when they
met the contingency. Though we cannot assume complete independence of TAC and self-
report observations, we made every effort to limit the bias on self reporting of alcohol use by
delivering contingencies prior to obtaining self-reported alcohol use by TLFB. However,
regardless of the relationship between self-report and contingent reward, the real importance
of this study is the demonstration that the contingency successfully produced less frequent
positive TAC readings and/or lower TAC levels, necessarily indicating that heavy patterns of
drinking (including weekend heavy drinking) were reduced in this sample of non-treatment
seeking heavy drinkers.

We did observe a trend towards reduced drinking across the 4 weeks of observation before
the contingency was applied which might be explained by an anticipation of the upcoming
contingency. We also found a slight increasing trend in drinking across the 12 weeks of
contingency management; however, substantial reductions in overall drinking were
consistently maintained throughout the contingency phase.

Our previous report of reduced self-reported heavy drinking during the same 12-week
contingency also showed that reduced drinking was reported to persist throughout a 3-month
follow-up period where no contingencies were placed on drinking (Dougherty et al., 2014b).
Although others such as McDonell et al. (2012) have been unable to show persistent effects
of contingency management after contingencies were withdrawn, several factors may
contribute to the contradictory finding. McDonell et al’s (2012) study was conducted in a
small sample of, alcohol-dependent participants (n7= 10) who were reinforced (vouchers on
an escalating scale) twice weekly for negative breath alcohol and ethyl glucuronide tests
across a 4-week period. This lack of a persistent effect could therefore be due to the study
population (e.g., alcohol dependent), the limitations of alcohol monitoring procedures used
or the length of the contingency management period (e.g., 4 weeks). These findings and
others suggest that patients with more problematic drinking (including those with a
diagnosis of dependence) are more likely to have problematic drinking after initial remission
(Trim et al., 2013; Tuithof et al., 2014). Furthermore, longer treatments appear to have better
short- and long-term outcomes than shorter ones (e.g., Moos and Moos, 2003; Simpson et
al., 1997).
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The current study demonstrates that TAC-based contingencies can be used to reduce heavy
drinking patterns while permitting lower-level drinking. Barnett and colleagues (2011)
previously used a financial contingency to reduce drinking using the SCRAM transdermal
alcohol monitor, but that study used standard AMS criteria only to determine if a drinking
event occurred or not in order to reinforce putative abstinence defined as the absence of an
AMS confirmed drinking event. AMS criteria, however, are used to define a drinking event
in judicial settings to monitor court-ordered abstinence. As such the criteria is relativley
conservative and only reliably detects drinking events when 5 or more drinks are consumed
(i.e., there must be 3 consecutive TAC readings > 0.02 g/dl and there are specific values for
how fast TAC levels rise and fall; Barnett et al., 2014). In contrast, using TAC levels to
quantify no, low, moderate and high drinking we showed that low-level drinking, revealed
by low-level TAC readings, was actually increased during the contingency. Thus the
objective of our contingency management procedure should be considered a harm-reduction
approach which seeks to reduce heavy or problematic drinking while permitting lower level
drinking with the objective to reduce the negative alcohol-related consequences of heavy
drinking (Marlatt and Witkiewitz, 2002). Although abstinence may be appropriate for some
groups (i.e., adolescents, pregnant or lactating mothers, or those with extreme alcohol
dependence), others may benefit from an approach focused more on harm reduction (Marlatt
and Witkiewitz, 2002). Such approaches are becoming a more common treatment option and
are often considered preferable to abstinence-based methods by both patients and clinicians
(Adamson et al., 2010; Adamson and Sellman, 2001; Ambrogne, 2002; Gastfriend et al.,
2007; Marlatt and Witkiewitz, 2002; Rosenberg and Davis, 2014; Skewes and Gonzalez,
2013). In particular, some individuals with high self-efficacy and low physical dependence
wish to reduce the high risks associated with heavy drinking, but wish to continue to drink
moderately and avoid treatment programs that require abstinence (Marlatt and Witkiewitz,
2002). Indeed, studies have shown that preference for controlled-drinking treatment goals
over abstinence range between 25.95% to 86.9% of treatment seekers (e.g., DeMartini et al.,
2014; Engasser et al., 2015; Heather et al., 2010).

There are several limitations to the current study. First, our participants were non-treatment
seeking and not alcohol dependent and so it is unknown whether or not contingency
management procedures would work as well in a treatment seeking population. It is also
possible that these effects may not be as robust in an alcohol-dependent population. Further
research in more severe, alcohol-dependent populations should be conducted to determine
the feasibility of using transdermal alcohol monitors. However, contingency management is
a powerful technique that has been shown to be effective in opiate- and stimulant-dependent
(e.g., Aklin et al., 2014; Chutuape et al., 1999; Garcia-Rodriguez et al., 2009; Higgins et al.,
1991; Hser et al., 2011; Rogers et al., 2008) populations; this indirectly suggests that it also
should work for alcohol dependence. Another limitation of this study is that participants
were not randomized to control and treatment groups and our only control comparison was
to the prior baseline phase (i.e., Observation Phase) where no contingency was applied.
Future studies should include a randomized control group to further examine the
effectiveness of a contingency management intervention. Though we previously reported
reduced drinking in the three months after the removal of contingency management
(Dougherty et al., 2014a), the absence of transdermal alcohol monitoring procedures limits

Drug Alcohol Depend. Author manuscript; available in PMC 2017 July 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dougherty et al.

Page 12

our ability to objectively confirm these self-reports. Future studies should use transdermal
alcohol monitoring to assess drinking behavior after the removal of contingency
management. Furthermore, the use of transdermal alcohol monitoring devices can be costly.
Although the cost-effectiveness of contingency management using transdermal alcohol
monitors has yet to be examined, prior research has demonstrated the cost-effectiveness of
contingency management procedures for a variety of substance (e.g., Sindelar et al., 20074,
2007b). Therefore, the clinical significance of reducing at-risk drinking may outweigh the
cost for using transdermal alcohol monitors.

Despite the limitations associated with transdermal alcohol monitoring, several advantages
also exist. Specifically, the transdermal alcohol monitors allow for uninterrupted objective
monitoring of alcohol consumption; therefore, the likelihood of detecting consumption over
other monitoring devices such as breathalyzers attached to cell phones or biomarkers
increases. Data from the monitors can also be downloaded automatically, without a direct
connection to the monitor, by placing a modem in the individual’s home. Together, these
factors could mean less frequent clinic visits for patients while they are wearing a
transdermal alcohol monitor, reducing clinic personnel costs and increasing convenience for
patients.

The results of this study highlight the utility of transdermal alcohol monitoring in a
contingency management procedure that can reduce the risk of harmful, heavy drinking
behavior. Further, we suggest that objectively-derived TAC data can be used to classify
drinking levels and to promote harm-reduction without necessarily requiring complete
abstinence. Further research will be required to demonstrate the utility of this procedure
either as a clinical intervention in treatment-seeking patients or as an objective outcome
measure in patients in treatment interventional studies.
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Highlights
. Financial reinforcement for reduced heavy drinking was successful for 12
weeks
. Contingencies based on transdermal alcohol concentration increased the

number of no drinking days in heavy drinkers

. Heavy drinking was reduced in non-treatment-seeking heavy drinkers
. Transdermal alcohol monitoring has utility in contingency management
procedures
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Percent of participants meeting weekly contingency criteria (TAC < .03 g/dl) for both the
Observation and Contingency Management phases.
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Average percent of days per week with No Drinking (white diamonds), Low Drinking (white
circles), Moderate Drinking (grey triangles), and Heavy Drinking (black squares) for the
Observation and Contingency Management phases.
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