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ARTICLE INFO ABSTRACT

Keywords: Background: Roughly half of patients with alcohol use disorder prefer non-abstinence based approaches to treat-

Alcohol self-administration ment. However, only individuals who can limit their alcohol use after low-risk consumption are most likely to ben-

Alcoholism . efit from these approaches. This pilot study developed a laboratory-based intravenous alcohol self-administration

IC\lco}.xol abstinence paradigm to determine the characteristics of individuals who could successfully resist consuming alcohol after
raving

an initial exposure.

Methods: Seventeen non-treatment seeking heavy drinkers completed two versions of an intravenous alcohol
self-administration paradigm designed to assess impaired control over alcohol use. In the paradigm, participants
received a priming dose of alcohol and then entered a 120-min resist phase, in which they received monetary
rewards if they resisted self-administering alcohol. We used Cox proportional hazards regression to determine
the impact of craving and Impaired Control Scale scores on rate of lapse.

Results: 64.7% of participants across both versions of the paradigm were unable to resist alcohol for the duration
of the session. Craving at baseline (HR = 1.07, 95% CI 1.01-1.13, p = 0.02) and following priming (HR = 1.08,
95% CI 1.02-1.15, p = 0.01) were associated with rate of lapse. Individuals who lapsed endorsed greater attempts
to control their drinking over the prior six months compared to individuals who resisted.

Conclusions: This study provides preliminary evidence that craving may be predictive of risk of lapse in individuals
who are trying to limit alcohol intake after consuming a small initial amount of alcohol. Future studies should
test this paradigm in a larger and more diverse sample.

Impaired control

1. Introduction

It is estimated that 6-14% of American adults meet the diagnos-
tic threshold for alcohol use disorder in a given year (Grant et al.,
2015; SAMHSA, 2019). Of these individuals, only an estimated 7.6%
receive some form of treatment (SAMHSA, 2019). Certain clinics and
treatment programs, including 12-step facilitation programs, promote

an abstinence-based treatment approach which defines recovery as to-
tal abstinence from alcohol (Nash, 2020). Other programs endorse harm
reduction or non-abstinence-based approaches, in which heavy drinkers
are supported in their efforts to reduce their drinking to safer levels
(Charlet and Heinz, 2017). Around 45% of treatment-seeking drinkers
prefer a non-abstinence-based approach over an abstinence-based ap-
proach (Heather et al., 2010; Hodgins et al., 1997). However, only indi-
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viduals who can prevent themselves from consuming additional alcohol
after low-risk consumption are likely to achieve maximal benefits from
non-abstinence-based approaches.

Ability to resist alcohol is directly linked to the psychological con-
struct of impaired control. Impaired control is considered to be a core
feature of addiction and is defined as an inability to limit drug use de-
spite the intention to do so (Leeman et al., 2012). One of the most com-
mon self-report measures used to assess impaired control over alcohol
use is the Impaired Control Scale (Heather et al., 1993). However, indi-
viduals may not display good insight into their level of impaired control,
especially since poor insight is known to be a central feature of addic-
tion (Goldstein et al., 2009), which may in turn impact the reliability
of self-report measures. Human laboratory models can be used to over-
come this limitation as they assess alcohol consumption behaviors di-
rectly. We sought to develop a novel laboratory approach which would
provide both continuous and categorical data related to impaired con-
trol. A novel laboratory paradigm could potentially be used to improve
understanding of individual differences in ability to resist alcohol and
prove helpful in testing novel pharmacotherapies.

In this pilot study, we developed a human laboratory paradigm to
assess impaired control over alcohol consumption based on a well-
validated smoking lapse paradigm (McKee, 2009), which has been
used to investigate whether certain psychological factors and phar-
macological treatments impact an individual’s ability to resist smok-
ing (McKee et al.,, 2012; Roche et al., 2014; McKee et al., 2011;
Leeman et al.,, 2010; Verplaetse et al.,, 2017; Roberts et al., 2018;
Verplaetse et al., 2018). In the current study, individuals completed a
session in which they were given a priming dose of intravenous (IV) al-
cohol and then entered a 120-min resist phase, in which they were paid
to resist infusing additional alcohol. The model was hypothesized to
provide a laboratory measure of impaired control as participants were
provided with an incentive to limit their alcohol consumption follow-
ing a priming dose; failure to resist was hypothesized to represent a
breakdown of intention to limit consumption. We tested two different re-
ward schedules: a fixed-reward schedule, in which individuals received
a consistent monetary reward for each minute they resisted and a de-
escalating reward schedule, in which the monetary reward per minute
of resistance gradually diminished over the course of the session. We
examined whether each paradigm met target model behavior, that is,
whether the average time to lapse was at roughly the halfway point
of the paradigm (McKee, 2009). A paradigm that demonstrates target
model behavior has advantages for interventional studies, as it allows
experimenters to examine whether a given intervention increases or
decreases ability to resist. By contrast, it would be difficult to study
whether an intervention affects ability to resist in a paradigm where
the average participant lapses very early on (floor effect) or in the last
minute of the session (ceiling effect). We also examined the character-
istics that influenced rate of lapse. Specifically, we hypothesized that
individuals who endorsed higher levels of craving and greater degree of
failed attempts to control their drinking over the past 6 months would
exhibit the highest rate of lapse.

2. Material and methods
2.1. Participants

Twenty-one participants were recruited for this study. Of these, sev-
enteen completed the experimental laboratory session measuring ability
to resist alcohol. Participants between 21 and 60 years of age were in-
cluded in this study. Only individuals who were non-treatment seeking
heavy drinkers were included in this study, with heavy drinking defined
as consuming on average > 15 standard drinks per week for women
and > 20 standard drinks per week for men over the past 90 days as
measured using the Timeline Followback interview. Participants also
needed to endorse at least one binge drinking day per week over the
past 90 days, defined as 4+ drinks for females or 5+ drinks for males in
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a single day (NIAAA, 2004). All but two of our participants met Diag-
nostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-
5) criteria for current alcohol use disorder (Table 1), although this was
not one of our inclusion criteria. Individuals who met current criteria
for other substance use disorders and were not in remission based on
the Structured Clinical Interview for DSM-5, Research Version (SCID-5)
(First et al., 2015) or who were actively using substances other than to-
bacco based on self-report or urine toxicology screen (an immunoassay
which tested for cannabis, cocaine, amphetamines, opioids, and benzo-
diazepines) were excluded from the study. Individuals with any other
current DSM-5 diagnoses requiring intervention (e.g. major depressive
disorder, bipolar disorder, posttraumatic stress disorder) or lifetime his-
tory of serious medical illness were also excluded. Individuals with ele-
vated transaminase levels (greater than 3 times the upper limit of nor-
mal), positive hepatitis or HIV tests, or clinically significant abnormal
electrocardiogram (ECG) findings were also excluded. Those who were
pregnant (based on urine beta-hCG test), breastfeeding, or intended to
become pregnant or breastfeed were not permitted to enroll. Individu-
als taking prescription or over-the-counter medication known to interact
with alcohol or affect alcohol metabolism in the 2-4-week period prior
to the study were also excluded. Individuals with a current or prior his-
tory of alcohol-induced flushing reactions were not permitted to enroll.
Participants needed to be able and willing to abstain from alcohol for
24 h prior to each alcohol self-administration session. Individuals with
a history of clinically significant withdrawal symptoms or a Clinical In-
stitute Withdrawal Assessment, revised (CIWA-Ar) score (Sullivan et al.,
1989) of greater than 8 at the screening visit were not permitted to en-
roll. Individuals who were currently seeking treatment for AUD or who
had undergone inpatient or outpatient detoxification or treatment for
alcohol problems in the past 6 months were not permitted to enroll.

2.2. Study procedures

All participants provided consent for and completed an initial screen-
ing and evaluation protocol at the National Institutes of Health (NIH), in
which they underwent a medical assessment, blood tests (including liver
function tests, hepatitis serology, and HIV serology), a urine drug screen,
a 90-day Timeline Followback interview (Sobell and Sobell, 1992), a
SCID-IV or SCID-5 interview (First et al., 2015), the Wechsler Abbrevi-
ated Scale of Intelligence-II (Wechsler, 2011), the Lifetime Drinking His-
tory interview (Skinner and Sheu, 1982), and a comprehensive battery
of self-report assessments including the Alcohol Use Disorders Identifi-
cation Test (Saunders et al., 1993), the Alcohol Flushing Questionnaire
(Johnson et al., 1984), and the Impaired Control Scale (Heather et al.,
1993). Following this, individuals who were deemed eligible completed
a baseline assessment visit in which they provided written informed con-
sent for our study. Participants then completed a battery of psycholog-
ical tasks and were given an ecological momentary assessment (EMA)
device to assess drinking behaviors outside of the laboratory (results to
be reported separately). Participants were subsequently scheduled for
a “free-access” laboratory session in which they could self-administer
intravenous alcohol in an ad-libitum fashion (Stangl et al., 2017). The
purpose of the free-access session was to acclimate participants to the in-
travenous alcohol self-administration procedure. Participants were then
scheduled for a laboratory visit in which they completed the novel “re-
sist” paradigm. Alcohol self-administration sessions were conducted in
a room at the day hospital unit in the NIH Clinical Center.

2.3. Intravenous alcohol administration paradigms

Under controlled experimental conditions designed to achieve uni-
formity across participants, individuals consuming oral doses of alco-
hol standardized to their total body water at fixed intervals show a 3-4
fold range in blood alcohol concentration (BAC) vs. time curves due
to inter-individual differences in ethanol absorption and metabolism
(Ramchandani et al., 2009). Intravenous alcohol administration largely
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Table 1
Group characteristics.
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Group Characteristics

Participants Who Resisted (N = 6)

Participants Who Lapsed (N = 11)

N % N % Chi-square value
Sex (Male/Female) 6/0 100%/0.0% 9/2 81.8%/18.2% 1.2
Alcohol Use Disorder Diagnosis® 5 83.3% 10 90.9% 0.2
Paradigm Version (Fixed/De-Escalating) 3/3 50.0%/50.0% 4/7 36.4%/63.6% 0.3
Household Income (<39,999/>40,000) 1/5 16.7%/83.3% 7/4 63.6%/36.4% 3.4

Mean SD Mean SD t- value
Age (years) 40.2 12.0 35.0 10.8 0.9
Full Scale IQ" 109.2 10.3 111.5 12.7 -0.3
AUDIT score 16.7 5.9 14.9 4.6 0.7
Total Lifetime Drinks® 23016.0  15550.3 15135.0  13268.5 11
Total Drinks, Last 90 Days? 376.3 104.2 334.7 130.1 0.7
Binge Drinking Days, Last 90 Days? 40.3 22.3 31.6 20.5 0.8

AUDIT: Alcohol Use Disorder Identification Test.

2 Diagnosis of alcohol use disorder was assessed by the SCID-IV or SCID-5.
b Full Scale IQ was derived from the Wechsler Abbreviated Scale of Intelligence-II (WASI-IT). WASI-II data was missing from one

participant who resisted.

¢ Total lifetime drinks was estimated using the Lifetime Drinking History interview.

d Assessed by the 90-day Timeline Followback interview.

eliminates this issue by bypassing the gastrointestinal tract and first-pass
metabolism. In our IV alcohol self-administration paradigm, the partici-
pant presses a button when they wish to consume alcohol and our infu-
sion software delivers an IV infusion of alcohol that is designed to raise
the individual’s breath alcohol concentration (BrAC) by 7.5mg% over
2.5 min. With this approach, it is possible to achieve nearly identical
increases in BrAC over a fixed time frame, which is ideal for experi-
ments such as our resist paradigm in which we aim for each individual
to receive identical exposures of alcohol. This is important as differen-
tial exposure to alcohol between participants during the priming phase
could influence induction of craving and therefore affect ability to resist
during the resist phase of our paradigm.

2.4. Free-access alcohol self-administration session

All participants were scheduled for a free-access alcohol self-
administration session prior to the resist session (Gowin et al., 2017;
Sloan et al., 2020; Sloan et al., 2018; Stangl et al., 2017). Participants
first completed a 25-min priming phase, in which they were instructed
to press the button four times (once every 2.5 min) over the first 10 min
of the session. Participants were then given 15 min to experience the
effects of the priming dose of alcohol. Following this, participants com-
pleted a 125-min free-access phase in which they could infuse as much
alcohol as they wanted up to a safety ceiling BrAC of 120mg%.

2.5. Resist session

In the resist session, participants were given a priming dose of IV
alcohol and then paid to resist additional alcohol consumption. We em-
ployed two different reward schedules in our paradigm (see Fig. S1). In
the fixed-reward schedule, individuals received $0.10 for each minute
they resisted infusing alcohol. In the de-escalating reward schedule,
participants initially received $0.20 per minute of resistance, but the
amount of compensation decreased by $0.01 every six minutes such that
individuals received $0.01 per minute of resistance in the last six min-
utes of the paradigm. Participants therefore earned a total of $12.00
if they resisted for the whole session using the fixed-reward schedule
and $12.60 if they resisted for the whole session using the de-escalating
reward schedule. There were two other important differences in the pro-
cedures used after switching over to the de-escalating reward schedule.
Firstly, individuals who were tested with the fixed-reward schedule re-
ceived a lower priming dose of alcohol (4 button presses, targeted at 25
mg%) than those who were tested with the de-escalating reward sched-
ule (6 button presses, targeted at 40mg%). Following both primes, we

provided a sufficient delay for the participants to achieve close to a
zero BrAC (i.e. < 5 mg%) before they started the resist phase of the
session. Secondly, when we switched over to the de-escalating reward
schedule, we required participants to stay at the hospital overnight fol-
lowing the session. This change was enacted as there was some concern
that individuals might choose not to infuse alcohol in order to leave
the hospital earlier (participants were not permitted to leave after the
study session until their breath alcohol concentration fell to 2mg% due
to safety considerations). 7 participants completed the paradigm using
the fixed-reward schedule and the next 10 participants completed the
paradigm using the de-escalating reward schedule.

The resist session was structured as follows. Upon arrival, individu-
als completed a breathalyzer test and urine drug screen, both of which
needed to be negative in order to proceed with the session. Females also
needed to provide a negative urine pregnancy test in order to proceed.
Participants needed to abstain from alcohol for at least 24 h prior to
the session. Participants were assessed with the CIWA-Ar to ensure that
they were not experiencing significant symptoms of alcohol withdrawal
(a CIWA-Ar score of < 8 was needed to proceed with the session). Indi-
viduals were given a standardized 350 kilocalorie meal. An IV catheter
was then inserted into the cubital fossa of their non-dominant arm. Par-
ticipants first completed the priming phase of the session, which was 30
min for the fixed-reward schedule and 45 min for the de-escalating re-
ward schedule. Craving was measured at baseline and during the prim-
ing phase using the Alcohol Urge Questionnaire (Bohn et al., 1995).
Following the priming phase, participants completed the 120-min resist
phase in which they were paid for each minute they were able to resist
consuming additional alcohol. Individuals could stop resisting at any
time throughout this period. The following questionnaires were admin-
istered every 15 min during the resist period: the Drug Effects Question-
naire (Morean et al., 2013), the Alcohol Urge Questionnaire (Bohn et al.,
1995), the brief version of the Biphasic Alcohol Effects Scale (Rueger and
King, 2013), the Subjective Units of Distress Scale, and five questions re-
lated to mood. During the resist session participants were not allowed to
use their devices (e.g. mobile phones) or watch television. When an indi-
vidual signaled that they wished to quit resisting, the time was recorded
and the individual was able to begin self-administering alcohol until the
end of the 120-min resist interval (the participant could infuse alcohol
ad libitum up to a breath alcohol concentration of 120mg%).

2.6. Statistical analysis

To assess participant behavior during experimental laboratory ses-
sions, we report the percentage of individuals who lapsed and the mean
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Fig. 1. (A) Box plots depicting time to lapse in the fixed reward and de-escalating version of the paradigm. The horizontal line in the middle of each box represents
the median value, whereas the bottom and top borders represent the 25" and 75™ percentile values respectively. There were no significant differences in mean time
to lapse (t(15) = 0.26, p = 0.80) or in the proportion of individuals who lapsed (Fisher’s Exact Test p = 0.64) between paradigm versions. (B) Kaplan-Meier curves
demonstrating that the rate of lapse was not significantly different by paradigm version (log-rank X? = 0.07, p = 0.79).

time to lapse (+/- standard deviation) for both the fixed-reward and the
de-escalating versions of the paradigm. We assigned individuals who re-
sisted throughout the entire session a mean time to lapse of 120 min.
We used Fisher’s exact test to compare the percentage of individuals
who lapsed between different versions of the paradigm and an Inde-
pendent Samples t-test to compare mean resist time between versions.
We used one sample t-tests to determine whether each model demon-
strated target model behavior, that is, whether the mean time to lapse
in each model was significantly different than 60 min (the half-way
point of the laboratory session) (McKee, 2009). To compare whether
the rate of lapse differed between paradigm versions, we constructed
Kaplan-Meier curves and used a log-rank test to compare the two
curves.

In order to assess the effect of craving at baseline and following the
priming dose of alcohol on rate of lapse, we used Cox proportional haz-
ards models controlling for paradigm version (i.e. fixed-reward versus
de-escalating). We split the sample into high- and low- craving (using
a cut-off of 20 for the Alcohol Urge Questionnaire) for graphical repre-
sentation with accompanying log-rank tests; figures depicting the effect
of craving on rate of lapse by paradigm version can be found in the sup-
plement (Figs. S2 and S3). Additional Cox proportional hazards models
were created controlling for other potentially relevant covariates includ-
ing age, sex, baseline drinking (AUDIT score, total drinks in the past 90
days, and binge drinking days over the past 90 days), household in-
come (coded as a binary variable), total lifetime drinks, and full scale
1Q; these additional models are available in the supplement (Tables S1
and S2).

We conducted Cox proportional hazards models testing whether ICS
scores predicted rate of lapse. We also examined the difference between
Impaired Control Scale scores between individuals who lapsed and indi-
viduals who resisted. The ICS consists of three parts, an Attempted Con-
trol scale, a Failed Control scale, and a Perceived Control Scale. We used
Independent Samples t-tests to compare each score between groups, us-
ing a Bonferroni-corrected alpha to control for multiple comparisons (al-
pha = 0.05/3 = 0.017; uncorrected p-values are reported). Depictions
of the mean score of each group split by paradigm version can be found
in the supplement (Figs. S4-S6). To control for confounding variables,
we conducted separate linear regression models controlling for the co-
variates listed above; these additional models are also available in the
supplement (Table S3).

3. Results
3.1. Model behavior for fixed-reward and de-escalating reward schedules

Four out of 7 participants (57.1%) lapsed in the fixed-reward ver-
sion of the paradigm whereas 7 out of 10 participants (70.0%) lapsed
in the de-escalating reward version of the paradigm. The mean time
to lapse was 78.34 min (SD = 41.54 min) using the fixed reward-
schedule and 72.68 min (SD = 45.01 min) using the de-escalating re-
ward schedule. There were no significant differences in mean time to
lapse (t(15) = 0.26, p = 0.80, Fig. 1(a)), the proportion of individuals
who lapsed (Fisher’s Exact Test p = 0.64), or the rate of lapse (log-rank
X2 =0.07, p=0.79, Fig. 1(b)) between the two versions of the paradigm.
A major goal of paradigm development was determining whether each
version of the paradigm met target model behavior, that is, whether the
reward schedules produced a mean time to lapse at roughly the halfway
point of the paradigm (60 min). The time to lapse for both the fixed-
reward (t(6) = 1.17, p = 0.29) and de-escalating reward (t(9) = 0.89,
p = 0.40) versions of the paradigm did not differ significantly from 60
min.

3.2. Associations between craving and rate of lapse

Both baseline craving and post-prime craving predicted rate of lapse,
with participants who endorsed greater levels of craving displaying
higher rates of lapse (HR = 1.07, 95% CI 1.01 to 1.13, p = 0.02 for base-
line craving, HR = 1.08, 95% CI 1.02 to 1.15, p = 0.01 for post-prime
craving; Figs. 2, S2, and S3). Paradigm version was not significantly
associated with time to lapse in the above models. Additional models
controlling for age, sex, baseline drinking, household income, total life-
time drinks, and full scale IQ did not have a major impact on our results
(Tables S1 and S2).

3.3. Self-reported impaired control and lapse behavior

There was a trend level association between ICS Attempted Control
score and rate of lapse using a Cox proportional hazards model control-
ling for paradigm version (HR = 1.18, 95% CI 0.98 to 1.42, p = 0.085).
Cox proportional hazards models did not demonstrate any significant
effect of ICS Failed Control score or ICS Perceived Control score on rate
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Fig. 2. The above Kaplan-Meier curves illustrate that during the laboratory paradigm, rates of lapse were higher in individuals with higher levels of craving (Alcohol
Urge Questionnaire score > 20) at (a) baseline (log-rank X? = 7.3, p < 0.01) and (b) following the priming dose of alcohol (log-rank X> = 4.3, p < 0.05).

ICS Attempted Control Score
ICS Failed Control Score

ICS Perceived Control Score

Participants Who Resisted Panticipants Wha Lapsed

Panicipants Who Resisted

Participants Who Lapsed Participants Who Rosisted Participants Who Lapsed

Fig. 3. Individuals who lapsed during the session (N = 11) endorsed greater attempts to control their drinking over the last 6 months compared to individuals
who resisted during the entire session (N = 6) (t(15) = -3.01, p < 0.01). Bars represent mean scores on each part of the Impaired Control Scale +/- standard error,
**indicates p < 0.01. Panel (a) depicts ICS Attempted Control score, Panel (b) depicts Failed Control score, and Panel (c) depicts Perceived Control score.

of lapse. Individuals who lapsed had significantly higher ICS Attempted
Control scores than individuals who resisted (mean score: 9.82 versus
6.00, t(15) = -3.01, p < 0.01, Cohen’s d = 1.49, Figs. 3(a) and S4),
indicating that they had engaged in greater attempts to suppress their
drinking over the preceding 6-month period. By contrast, there were no
significant differences in ICS Failed Control scores or ICS Perceived Con-
trol scores between the lapse group versus the resist group (mean score:
18.55 vs. 14.83, t(15) = -1.14, p = 0.27, Cohen’s d = 0.58 for ICS Failed
Control score; mean score: 14.18 versus 14.83, t(15) = 0.23, p = 0.82,
Cohen’s d = 0.11 for ICS Perceived Control score, Figs. 3(b), (c), S5, and
S6). We constructed linear regression models with ICS Attempted Con-
trol score as the dependent variable and whether an individual lapsed
as a categorical independent variable controlling for age, sex, paradigm,
baseline drinking, household income, total lifetime drinks, and full scale
1Q. These models demonstrated that the association between whether an
individual lapsed and ICS Attempted Control score remained significant
when controlling for each of these covariates (see Table S3 for all mod-
els).

4. Discussion

This pilot study evaluated two versions of a novel human labora-
tory paradigm designed to assess impaired control over alcohol use. In
our paradigm, heavy drinkers were given a priming dose of IV alco-

hol and received monetary rewards for resisting further alcohol con-
sumption. We evaluated two different reward schedules. In the first,
participants received a fixed amount of money for each minute they re-
sisted consuming additional alcohol and in the second, they received
a de-escalating reward schedule such that the magnitude of the mon-
etary reward per minute of resistance gradually diminished over the
session. We found that both paradigms demonstrated target model be-
havior and produced similar rates of lapse. Across paradigms, individu-
als who endorsed greater levels of craving during the session displayed
a diminished ability to resist further alcohol consumption. Individuals
who lapsed also reported greater attempts to control their drinking over
the preceding 6 months compared to those who resisted. This study pro-
vides initial evidence that higher levels of craving and a stronger his-
tory of attempting to control drinking behavior may be related to an
impaired ability to resist alcohol consumption. Individuals with persis-
tent high levels of craving or greater self-reported attempts to control
their alcohol intake may therefore be less suitable for a non-abstinence
based approach to treatment, which presumes the ability to abstain from
additional alcohol after low levels of consumption.

Impaired control over alcohol use has often been linked theoret-
ically to impulsivity and executive function deficits (Leeman et al.,
2012; Fillmore, 2003). However, it is possible that impaired control over
drinking may be more closely linked to incentive salience. For exam-
ple, in another small laboratory study assessing impaired control over
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alcohol in heavy drinking youth, participants were offered incentives
to maintain their breath alcohol concentration below 80mg%. It was
found that the impaired control group, defined as those who were not
able to sustain their consumption below this threshold despite the pres-
ence of incentives, demonstrated higher post-priming levels of craving
(Wardell et al., 2018). Our findings are also in accordance with smok-
ing lapse paradigms, where craving has been found to be associated
with time to lapse (Stevenson et al., 2017; Roche et al., 2014) and phar-
macotherapy that reduced craving was found to increase ability to resist
smoking (Verplaetse et al., 2017). Craving has also been associated with
rate of achieving a binge-level alcohol exposure in ad-libitum IV alcohol
self-administration paradigms (Sloan et al., 2020), demonstrating the
overall importance of craving in alcohol self-administration behaviors.
In clinical settings, craving has been associated with relapse to drink-
ing following outpatient treatment (Bottlender and Soyka, 2004), resi-
dential treatment (Stohs et al., 2019), and detoxification (Ledda et al.,
2019). Future studies should examine the relative strength of associ-
ations between measures of executive function, incentive salience, and
impaired control in both the laboratory and real-world settings to better
clarify the relationship between these constructs.

In our study, we compared impaired control over alcohol use in the
laboratory with self-reported impaired control scale scores. We found
that individuals who lapsed during the paradigm had numerically higher
ICS Attempted Control and Failed Control scores versus individuals who
resisted, although contrary to our hypothesis, only the former compari-
son was statistically significant. There was no difference in ICS Perceived
Control scores, indicating that current perceptions of control over drink-
ing may not match behavior in the laboratory. Our findings differed from
those of the laboratory study assessing impaired control in heavy drink-
ing youth, which did not find differences in ICS scores between the im-
paired control positive and negative group, but did find that ICS Failed
Control scores were related to some laboratory indices of impaired con-
trol (Wardell et al., 2018).

This study had multiple limitations. Firstly, our sample size was small
as we terminated the study early due to the COVID-19 pandemic; we
were therefore likely underpowered for some of our statistical compar-
isons. A small sample size reduces power to detect true differences be-
tween groups, and use of small sizes also increases the probability that
statistically significant findings are false positives (Button et al., 2013).
It is therefore important to regard any findings from this pilot study as
preliminary; future studies should attempt to replicate these findings in
a larger and more diverse sample of heavy drinkers. This is especially
true for comparisons between the two versions of the paradigm, as the
sample size for each version (7 for the fixed-reward paradigm and 10
for the de-escalating reward paradigm) was small. Secondly, our sam-
ple was overwhelmingly male, so it is unclear if these findings extend to
female heavy drinkers. Future studies should attempt to stratify recruit-
ment by sex to determine whether there are any sex differences in lapse
behavior and predictors of lapse. Thirdly, due to our small sample size,
we were not able to create models simultaneously controlling for all co-
variates. Larger follow up studies should explore the effects of potential
confounding variables on ability to resist alcohol, especially household
income, which may impact the relative value of monetary rewards be-
tween individuals (Gowin et al., 2019). Also, we only tested two types
of reward schedules in this study, but other reward schedules may have
yielded different results. For example, a recent study testing a similar
paradigm using oral alcohol found that individuals took longer to ini-
tiate drinking with a de-escalating reward schedule as compared to no
reward schedule (McKee and Verplaetse, 2022). Other paradigm varia-
tions, such as adding stressors (McKee and Verplaetse, 2022), changing
the priming dose of alcohol, or changing the time between the priming
dose of alcohol and the start of the resist phase, could have also affected
the results. Although IV alcohol self-administration has advantages such
as providing very precise levels of alcohol exposure, IV administration is
not a typical route of alcohol administration in real-world settings and
eliminates certain important cues such as smell and taste. It will there-
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fore be important to determine whether these findings extend to similar
laboratory paradigms that utilize oral alcohol administration. Further-
more, for ethical reasons, our sample consisted only of non-treatment
seeking heavy drinkers, which could limit generalizability to clinical
populations.

5. Conclusions

This study evaluated an innovative paradigm designed to evaluate
impaired control over alcohol use. Across the two reward schedules ex-
amined, after receiving a priming dose of alcohol, the majority of heavy
drinkers were not able to resist additional alcohol consumption despite
being paid to do so. Individuals who endorsed greater levels of craving
during the session displayed higher rates of lapse. These results suggest
that impaired control over alcohol intake can be modeled in the labo-
ratory and that higher levels of craving in the presence of alcohol may
reduce the ability to abstain from further consumption. Future studies
should determine whether these findings reflect real-world patterns of
drinking and can be extended to clinical samples. Furthermore, addi-
tional studies should evaluate whether this paradigm can be developed
as a screening platform for novel pharmacotherapies. If so, we may be
able to eventually use findings from these paradigms to improve our
understanding of which patients are more likely to succeed with non-
abstinence-based treatment approaches and develop novel interventions
for alcohol use disorder.
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