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Many individuals with alcohol use disorder (AUD) prefer a goal of moderation, because they do not see
their drinking as causing severe enough consequences to merit abstinence. Given that individuals
attempting to moderate will continue to put themselves in contexts where drinking occurs, understanding
how distinct external alcohol cues prompt craving is important for implementing the optimal treatments
for individuals with AUD. Using data from a randomized controlled trial of stepped care brief interven-
tions for AUD, this study explored the relationship between drinking contexts and craving in individuals
attempting to moderate their drinking using ecological momentary assessment (EMA). At baseline,
participants were asked to prospectively identify drinking contexts that were particularly likely to elicit
intense craving and heavy drinking, called highly valued drinking contexts (HVCs). During EMA,
participants were asked to report three times a day (morning, afternoon, evening) on their non—mutually
exclusive contexts and their level of craving. Using multilevel modeling, all drinking contexts were tested
as concurrent predictors of craving across the 84 days of the study. Next, AUD severity was tested as a
moderator of HVC on craving. Results demonstrated that being in an HVC corresponded to greater
reports of any craving and intensity of craving, over and above the influences of several other contextual
factors (e.g., negative affect and already drinking). AUD severity significantly moderated HVC’s impact
on any craving, such that greater AUD severity potentiated HVC’s already high odds of any craving.
Implications for treatments for individuals with AUD are discussed.

Public Health Significance

Alcohol use disorder (AUD) is a highly prevalent disorder, experienced around the globe. Craving,
one of the hallmarks of AUD, is highly associated with continued use and/or relapse to use. This
study provides important information about context eliciting craving that is useful to both those
suffering with and treating AUD, so as to provide greater opportunities for reduction of harm and

successful recovery.
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Alcohol use disorder (AUD) is a costly, heterogeneous disorder
that is widespread across the globe (Rehm et al., 2009). Individuals
with AUD present with a continuum of symptoms, with some
demonstrating greater severity than others. Among those individ-
uals with AUD, a subset are characterized by having mild to
moderate levels of AUD severity, low rates of co-occurring dis-
orders, and higher psychosocial functioning than those with severe
AUD (Hester, 1995; Morgenstern et al., 2007, 2012, 2017; Rosen-
berg, 1993). These individuals, historically referred to as problem
drinkers, may endorse symptoms of AUD but do not report a
history of withdrawal or extreme personal or social consequences
from drinking in their lives. Given their tendency for higher
functioning and a symptom profile that is relatively less severe,
this subset often does not identify consequences from drinking as
being severe enough to require abstinence, thus preferring a goal of
moderation, and rarely seek specialized treatment. These individ-
uals are estimated to make up about half of all individuals with
AUD (Moss, Chen, & Yi, 2007). Engaging with individuals with
AUD around a goal of moderation can lead to harm reduction,
health improvement, and prevention of worsening AUD.

The Unique Situation of Craving in the Context of
Moderation as a Drinking Goal

For individuals with AUD, achieving moderate drinking (i.e.,
drinking within the healthy/low-risk guidelines set out by the
National Institute for Alcohol Abuse and Alcoholism (NIAAA);
National Institute on Alcohol Abuse and Alcoholism, 2013) may
pose unique challenges compared with abstinence. Given that
individuals attempting to moderate drinking regularly expose
themselves to alcohol and other external alcohol-related cues, such
as drinking contexts (i.e., bars), they are likely to trigger highly
automated neurocognitive processes involving craving that lead
to and/or sustain harmful drinking behaviors (Naqvi et al., 2015).
Alcohol cues, including continued drinking or even a small prim-
ing dose of alcohol, are associated with increased craving and
subsequent alcohol use (Carter & Tiffany, 1999; Christiansen,
Townsend, Knibb, & Field, 2017; Hallgren, Delker, & Simpson,
2018). Understanding how alcohol cues prompt craving on a daily
or momentary basis among individuals with AUD attempting to
moderate is important for honing brief and heat of the moment
interventions (e.g., Dulin & Gonzalez, 2017) that can interrupt the
automatic processes and reduce harm.

The Association Between Craving and Drinking

Alcohol craving is a subjective state of wanting or a desire to
drink (Dulin & Gonzalez, 2017; Kozlowski, Mann, Wilkinson, &
Poulos, 1989). Craving is now a criterion for AUD (American
Psychiatric Association, 2013), and when endorsed, it is a strong
indicator of AUD among nontreatment seekers (Hartwell & Ray,
2018). Both any presence of and intensity of craving are associated
with subsequent increased drinking, both proximally (e.g., within
an hour or day, Dulin & Gonzalez, 2017; Fazzino, Harder, Rose,
& Helzer, 2013; Moore et al., 2014; Serre, Fatseas, Denis, Swend-
sen, & Auriacombe, 2018) and distally (e.g., up to a week or
longer, McHugh, Fitzmaurice, Griffin, Anton, & Weiss, 2016;
Morgenstern, DiFranza, Wellman, Sargent, & Hanewinkel, 2016),
with proximal relationships appearing to be stronger (Serre,

Fatseas, Swendsen, & Auriacombe, 2015). Some studies also
demonstrated that craving is a stronger predictor of drinking than
even prior drinking (e.g., Flannery, Poole, Gallop, & Volpicelli,
2003). Importantly for individuals with AUD attempting to mod-
erate their drinking, alcohol use and craving are demonstrated to
have a reciprocal relationship (Browne, Wray, Stappenbeck,
Krenek, & Simpson, 2016; Fazzino et al., 2013; Flannery et al.,
2003), each increasing the other prospectively.

The Association Between Alcohol Cues and Craving

Alcohol cues predict alcohol craving (Carter & Tiffany, 1999),
yet there is surprisingly little research on which types of cues or
contexts drive alcohol craving on a daily basis (Serre et al., 2015),
particularly in the context of a goal of moderation or among a
general population of individuals with AUD. In vivo alcohol cues
extend beyond direct exposure to alcohol itself; studies have
consistently shown that contexts associated with alcohol use be-
come cues for use themselves (Childs & de Wit, 2016). Although
a number of studies have examined alcohol craving using ecolog-
ical momentary assessment (EMA), few have examined type of
context directly or in detail among adults, beyond experiencing
negative affect (e.g., Hallgren et al., 2018; Kaysen et al., 2014;
Law et al., 2016; Lukasiewicz, Benyamina, Reynaud, & Falissard,
2005; Piasecki et al., 2011; Richardson et al., 2008; Todd et al.,
2005). The few studies that focused on context beyond negative
affect provide information about the additional real-world alcohol
cues driving craving (Dulin & Gonzalez, 2017; Lane, Carpenter,
Sher, & Trull, 2016; Trela et al., 2018; Witteman et al., 2015), each
focusing on a subpopulation of individuals with AUD. Witteman et
al. (2015) found, not surprisingly, that exposure to advertisements
for alcohol in the real world environments of alcohol dependent
patients enrolled in detoxification treatment increased craving.
Dulin and Gonzalez (2017) examined the effectiveness of a smart-
phone based intervention designed to help individuals attempting
to reduce their drinking cope with craving. Participants (N = 28)
were asked to report their daily craving intensity, craving cue type,
and their coping response to the craving for 6 weeks. Researchers
found that while certain cues were more common, the strongest
predictors of craving and subsequent drinking were the cues: time
of day or week (e.g., weekend), “people drinking around me,” and
being around alcohol. Trela et al. (2018) reported findings consis-
tent with those of Dulin and Gonzalez among individuals who
drink frequently with low sensitivity to alcohol. For these individ-
uals, time of day, day of week, being with a friend, and being in a
restaurant/bar predicted craving. In both studies, some external
cues were more instrumental than others in predicting craving and
subsequent drinking in the context of a goal of moderation or
social drinking.

Another study also demonstrated the strong influence of real-
world alcohol cue exposure (time of day, day of week, physical
location, and social environment) on craving and drinking (Lane et
al., 2016); however, this study found that the relationship was
more complicated for those with a substance use disorder (SUD)
compared with those without an SUD. In this study, researchers
examined craving among 56 women with borderline personality
disorder in treatment for SUD compared with 60 women from the
community. Results demonstrated that women with borderline
personality disorder reported more intense craving for alcohol and
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subsequent drinking across all contexts (time of day, day of week,
people, and place) than the community sample. For those with
SUD, no contexts emerged as being particularly important or
salient for intense alcohol craving, as it would seem craving was
generalized across context for this group.

Hierarchy and Valuation of Alcohol Cues

The hierarchy of external alcohol cues according to strength of
impact on drinking in response to craving and their summative
effect is likely heterogeneous across individuals. Because of its
burden, EMA is still a necessarily reductionistic method of mea-
suring environment and/or context. Although EMA can gather
detailed information about context (e.g., in a bar, with coworkers,
specifics about which bar, positive or negative mood), each ques-
tion increases the burden of the EMA battery. Thus, the more
detailed the assessment, the greater chance of noncompliance.

Although physical location, environment, and who one is with
while drinking can all be measured, these questions are further
limited by the fact that they exclude what we term valuation.
Valuation is defined here as the personal importance, weight, or
emotional tone a person places on a particular drinking context in
which they perceive it to be particularly difficult to resist drinking.
Some individuals may consider specific, highly personalized con-
texts for drinking (e.g., after work at a specific bar with specific
coworkers) the most triggering and high risk and, as a result, find
it extremely difficult to moderate within these particular contexts.
Within data collected via EMA, such a context may not be easily
distinguished from a context that contains similar attributes (e.g.,
after work at a specific bar with different coworkers) but does not
present the same level of challenge. One way to parsimoniously
capture contexts that are valued highly may be to ask participants
to preidentify settings or situations in a baseline survey that typi-
cally lead them to drink heavily. Whether they are in that individ-
ualized context can then be clarified with one EMA question
assessing whether they are in a highly valued context. The present
work is the first to apply such an approach to understanding the
importance of context for alcohol craving.

This Study

To further understand the role of distinct drinking contexts in
producing craving for individuals with AUD with a goal of mod-
eration, including those with high valuation, we examined the
relationship between drinking context and craving using EMA data
from a randomized, controlled trial testing stepped care, brief
interventions with individuals who drink beyond NIAAA low-risk
guidelines. As craving in the context of harm reduction was our
primary construct of interest, we were interested in the following
research questions: (research question 1) Is craving associated with
daily drinking? (research question 2) Is craving associated with
today’s drinking over and above the previous day’s drinking?
(research question 3) How do distinct contexts for drinking, in-
cluding those with high valuation, relate to craving? (research
question 4) Do highly valued contexts relate to greater presence
and intensity of craving over and above other contexts? And
(research question 5) does AUD severity moderate the impact of
highly valued contexts on craving? We hypothesized that craving
would relate to daily drinking, over and above the previous day’s

drinking, and that highly valued contexts would elicit craving over
and above other drinking contexts. Finally, given that the literature
illustrates that having AUD generalizes craving across contexts
(e.g., Lane et al., 2016), we also posited that individuals with
greater severity of AUD would be less reactive to a highly valued
context, as they would be more likely to experience stronger
craving across all drinking contexts compared with individuals
with low severity AUD.

Method

For this analysis, data from 153 participants in a clinical trial
(Registration no.: NCT02511808) testing stepped care brief inter-
ventions for AUD were utilized to explore the above research
questions, for whom we had EMA data. The direct impact of
stepped care will be explored in a future analysis. For this study,
we focused only on the individual level responses describing
drinking contexts using EMA across the entire study period. All
procedures were reviewed for safety and ethics of human subject
research and approved by an Internal Review Board at the Fein-
stein Institutes for Medical Research at Northwell Health.

Participants

Recruitment. General advertising online and in local media
was used to nationally recruit participants seeking treatment to
moderate their drinking. If initial eligibility criteria were met via
phone screening, participants were scheduled for an in-person or
online full screening assessment, depending on participant prefer-
ence.

Study eligibility. Participants were considered eligible if they
(a) were between ages 18 and 75 and (b) had an estimated average
weekly consumption of =15 standard drinks per week, or 12—15
standard drinks per week and more than two binge days (four or
more standard drinks per sitting) for women; had an estimated
average weekly consumption of =24 standard drinks per week, or
14-25 drinks per week and more than two binge days (five or
more standard drinks per sitting) for men. Participants were ex-
cluded if they: (a) had a substance use disorder (for any substance
other than alcohol or nicotine) or were regular (defined as greater
than weekly use) drug users; (b) had a serious psychiatric disorder;
(c) demonstrated clinically severe AUD, as evidenced by current
physical withdrawal symptoms or a history of serious withdrawal
symptoms (e.g., delirium tremens, seizures); (d) ever received
inpatient treatment for alcohol use (e.g., detox) and (e) were
actively involved in another treatment for alcohol use (i.e., self-
help groups, outpatient therapy) in the past 90 days.

Procedure

Data for this study were taken from a parent study of heavy
drinkers with AUD. The parent study used a SMART design (Lei,
Nahum-Shani, Lynch, Oslin, & Murphy, 2012) with multiple
points of randomization of participants to interventions such as
Motivational Interviewing (Morgenstern et al., 2017) and/or Be-
havioral Self-Control Therapy (BSCT, Hester, 1995). After a
phone screening, participants completed the consent form and quiz
electronically via REDCap to ensure comprehension. All follow-
ing assessments were conducted via telehealth or in-person. They
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then completed a screening interview during which participants
completed a battery of computerized assessments to verify study
eligibility. Eligible participants were enrolled in the study. One
week after screening, all participants (a) completed their baseline
assessment, (b) were trained on EMA (described further below),
and (c) received initial brief advice. Brief advice involved provid-
ing feedback about risk for AUD, determining motivation to mod-
erate, setting drinking goals, and discussing strategies and poten-
tial challenges for reducing drinking. Participants were reassessed
for responsiveness to treatment at weeks 4 and 8 and reallocated to
treatment groups accordingly. The same EMA battery was com-
pleted by all participants throughout, regardless of treatment re-
sponse or assignment. Participants completed an end of treatment
(week 13), as well as a posttreatment follow up (week 24), assess-
ment. Retention was high, with rates for weeks 4, 8, 13, and 24
assessments at 92.0%, 84.7%, 77.9%, and 74.2%, respectively. At
any point in the study, participants were offered referrals for
community treatment for those who wanted them.

Ecological momentary assessment (EMA). Participants were
assessed three times a day for 84 days. Text messages were sent
via WellPass to participants as random prompts to complete online
surveys during three different windows of time during the day:
morning (between 6 a.m. and 12 p.m.), afternoon (between noon
and 6 p.m.), and evening (between 5 p.m. and 11 p.m.). Text
messages included a link to the online survey, which participants
completed on their smartphones. During the morning survey, in-
formation about both the last 24 hr and the present moment was
collected. Questions asked about, among other topics, alcohol
consumption in the last 24 hr, desire to drink in the last 30 min, and
the context in which the participant was located in last 30 min. The
morning survey had 18 to 25 items, depending on skip patterns,
and took 57 min to complete. The five- to seven-item afternoon
and evening surveys collected information only about alcohol
consumption thus far that day, desire to drink, and context in last
30 min. Afternoon and evening surveys took no more than 3 min
to complete.

Compensation and compliance. Participants received esca-
lating compensation for all completed assessments, as the study
progressed. For cross-sectional assessments, participants received
$20 to $75 for assessments at screening through follow-up. For
EMA, compensation increased throughout the day and throughout
the study. For the first three weeks of the study, participants
received $1 for each morning survey completed, $3 for each week
when at least 10 afternoon/evening surveys were completed, and
an additional weekly $2.50 bonus if a randomly selected evening
survey was completed. In treatment weeks 4 through 7 and 8
through 12, these compensation rates were raised to $1.10/3.50/
2.75 and $1.25/4.00/3.00, respectively. Compliance rates for EMA
for the entire study period across all possible reports ranged from
68.0% in the evening to 78.8% in the morning (see Table 1).

Measures

Demographics. A demographic questionnaire collected data
on age, gender, educational and occupational information, race and
ethnicity, medical history, and substance abuse history.

Criteria for AUD. The Composite International Diagnostic
Instrument, Substance Abuse Module (CIDI-SAM; Cottler, Rob-
ins, & Helzer, 1989), a well-established diagnostic interview with

excellent reliability and validity (Wittchen et al., 1991), was used
to assess the number of AUD criteria a participant satisfied.

AUD severity. To measure AUD severity, the Alcohol De-
pendence Scale (ADS; Skinner & Allen, 1982) was used. The ADS
is a 25-item self-report measure used to assess severity of alcohol
dependence during the in-person screen. A composite sum score
was created after reverse coding the last item (o« = .76). Scores
below 13 indicate symptomatology warranting no more than a
brief intervention.

Time of day. Time of day is the variable accounting for the
time of day an EMA survey was implemented: morning, afternoon,
or evening.

Weekend. Sunday through Thursday were coded as weekday.
Friday and Saturday were coded as weekend.

Treatment dosage. Treatment dosage was used as a covariate
and calculated using how many additional treatment sessions a
participant received beyond initial BA. Therefore, initial brief
advice was coded as 0. One session of MI or BSCT was coded as
1. The condition that consisted of one MI session and four BSCT
sessions was coded as 5. The treatment dosage ranged from O to 5.

Contexts.

Context. During each EMA survey throughout the day, par-
ticipants were queried on their contemporaneous context (past 30
min). Response options were: “in a place where alcohol is usually
served: bar, restaurant, party or club,” “Been at a social event
where you and your friends often drink: dinner at someone’s home,
sporting event, girls night,” “Been in a situation where you often
drink, even if friends are not present: at home, after working to
unwind, before going out to a party,” “Felt especially upset, tense,
stressed or angry,” in an HVC (defined below), “Been already
drinking,” and “None of the above.” Responses were not mutually
exclusive, and participants selected all that applied. Face valid
options for the response set were adapted from past scripts for
EMA in previous studies (e.g., Mereish, Kuerbis, & Morgenstern,
2018). For these analyses, each type of setting, except none of the
above, were represented by dichotomous variables (0 = not in
setting, 1 = in setting).

Highly valued context (HVC). In an attempt to parsimoni-
ously capture contexts that are valued highly, participants were
asked to identify and describe settings/contexts/situations in which
they typically drink heavily and/or they find particularly difficult
to control their drinking during the initial face-to-face, baseline
interview. Participants could name as many of these situations as
they wanted, and these became labeled the participant’s HVCs. For
each HVC, information was collected about its frequency, its
attributes (e.g., at home, with others, alone, time of day), and their
motivation for drinking associated with that HVC. Only two par-
ticipants reported more than three HVCs. Although all HVCs were
included in the regression models, only descriptive data on partic-
ipants’ first three HVCs are included here.

Participants were reminded of their HVCs in each text message
with a short summary phrase. When participants reported they
were in an HVC in the last 30 min, within the context variable
above, they were asked to identify in which HVC they were.
Participants could report more than one HVC. Participants were
given prompt reminders of their HVCs to increase accuracy. Due
to the fact that only 1.5% of across all reports had multiple HVCs,
the HVC variable included in this analysis did not account for
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Table 1

Baseline Characteristics of Study Sample and EMA Compliance

Overall sample

(N = 153)
Variable M or % SD
Demographics
Age (years) 51.0 11.9
Male 314
Race/ethnicity
Non-Hispanic, White/Caucasian 90.8
Hispanic/Latino, any race 6.5
Other 2.7
Education
High school diploma/GED and under 3.9
Some college/associate’s 222
Bachelor’s degree 26.8
Some graduate school or higher 47.1
Employment
Employed 77.0
Unemployed/looking for work 3.9
Not in labor force/not looking for work 19.1
Drinking severity
Mean sum of standard drinks per week 31.7 14.9
Mean drinks per drinking day 5.7 2.7
Alcohol Dependence Scale (ADS) 13.2 5.7
Number of alcohol dependence criteria met 6.8 2.2
Number of criteria endorsed for DSM-5 Alcohol Use Disorder (AUD)
2-3 criteria, mild AUD 7.9
4-5 criteria, moderate AUD 21.0
6 or more criteria, severe AUD 71.1
EMA compliance (%, of N = 12,124 reports)
Morning 78.8
Afternoon 73.9
Evening 68.0
Note. DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; EMA = ecological

momentary assessment; GED = general education diploma.

multiple HVC in the last 30 min. If they were in any HCV, it was
coded as 1.

Craving. On all three EMA surveys, participants were asked
“How much do you desire or have a craving to drink right now
(right now includes the last 30 minutes)” with responses ranging
from O (no desire or cravings/urge) to 8 (extreme desire or craving
urge).

Drinking outcome. Drinking in the past 24 hr was measured
using the morning survey, in which the number of standard drinks
consumed in the last 24 hr were totaled and then lagged to be
concurrent with reports of craving. Historically, this measure is
shown to be correlated with drinking data collected using the
Timeline Followback method (Kuerbis, Houser, Levak, Shao, &
Morgenstern, 2018).

Analytic Plan

Analyses were performed in steps to answer the present research
questions. Multilevel models (MLM) were estimated in SAS 9.4
(SAS Institute Inc., 2002-2012). MLM are appropriate for these
data because they accommodate nested data, accounting for the
nonindependence of observations, are robust to missing data, and
can include random terms to model individual variability (Gib-
bons, Hedeker, & DuToit, 2010; Raudenbush & Bryk, 2002;
Singer & Willett, 2003).

For question 1, the relationship of craving and drinking was
tested to confirm that craving was indeed associated with drinking
in this sample. We tested the impact of craving independently (i.e.,
alone), and then, for research question 2, we tested the same model
with the covariate previous day’s drinking on daily drinking, as
measured by a count of drinks consumed. The MLM was fit to
these count data using a Poisson distribution, with a log function
specified, and a variance component structure, as it provided the
best model fit when compared with alternative distributions and
other covariance matrix structures. For these models, the GLIM-
MIX procedure was used.

Next, descriptives related to drinking context, and the related
levels of craving were generated. For research questions 3 and 4,
the impact of context on craving was explored using MLMs which
employed two forms of craving as an outcome variable. First, a
dichotomous outcome of experiencing any craving was utilized
(1 = any craving; 0 = no craving). Generalized MLMs were fit to
these data using a binary distribution, with a log link function
specified, and a variance components covariance structure. For
these models, the GLIMMIX procedure was used. Among those
participants who reported any craving, the intensity of craving was
modeled as a continuous outcome in MLMs with a normal distri-
bution and an identity link function, with unstructured covariance.
For these models, MIXED procedure was used.
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Because craving was measured at multiple timepoints within
day, all models included both random intercept and slope for time
of day and EMA day in the study, permitting individual variability
in craving over time in the study. Age, gender, education, employ-
ment, AUD diagnosis, whether participant received in person or
telehealth assessments, receipt of treatment (dosage), count of day
in the study (EMA day), type of day (weekday or weekend), and
time of day were tested independently as covariates predicting
craving (for both outcomes). All but the count of day in the study,
weekend, and time of day were nonsignificant (p > .05) and were
excluded. For research questions 3 and 4, we entered all of the
dichotomous variables of context into the model together, includ-
ing already drinking.

Finally, for research question 5, after testing the main effect of
alcohol dependence symptoms, as measured by the ADS, on
craving, we examined whether there was a moderating impact of
ADS score on the relationship between HVC and craving by
including a two-way interaction term. For this model, all contin-
uous variables were grand mean centered.

Last, sensitivity analyses were conducted to ensure that findings
were specific to the effect of context on a specific day relating to
craving at that same time point. Inclusion of individual averages
for each participant disaggregated the influence of today’s context
from the participant’s own average amount of time spent in that
context over the course of the EMA monitoring period. None of
our results were changed by the inclusion of person aggregates,
and these were excluded from final models for parsimony.

Results

Demographics

Table 1 shows basic demographics and characteristics of study
participants. The sample was around 51 years old, primarily Cau-
casian, female, and at least college-educated. Participants reported
moderately heavy drinking (averages of 32 weekly drinks and six
drinks per drinking day). All participants met criteria for Diagnos-
tic and Statistical Manual of Mental Disorders, fifth edition
(DSM-5) AUD (range: 2—-11 criteria endorsed; M: 6.8 criteria).
However, ADS scores were relatively low (M < 14), confirming
the appropriateness of an initially brief intervention for this sam-
ple.

Association Between Craving and Drinking

The intraclass correlation coefficient of drinking was .319 and
indicated that 31.9% of the variance was attributable to person
differences, and 68.1% of the variance in drinking was attributable
to day-to-day variability within person. As hypothesized, craving
was associated with daily drinking (b = .17, SE = .00, p < .001),
such that for every unit increase in craving, drinking increased by
almost a fifth of a standard drink. Craving remained significant in
the context of previous day’s drinking (b = .20, SE = .00, p <
.001).

HVC Characteristics

Basic characteristics of the possible three HVCs per participant
are shown in Table 2. The nonmutually exclusive categories show

Table 2
Basic Characteristics of All HVCs
HVC %
Characteristic (N = 364)
Location this cue takes place: At home 61.3
Time of day this cue takes place: Evening 84.2
With whom does this cue take place: Alone 475
Motivation for drinking in an highly valued context
(HVO)
Enhance good mood or fun activity 82.0
Enjoy the taste of alcohol 82.9
Help deal with stress, anxiety, tension, irritation, anger 73.5
Help deal with sadness, loneliness, or feeling depressed 71.2
To socialize, feel more talkative, make social gathering
more fun 57.7
Note. These characteristics were not mutually exclusive. All descriptors

of the HVCs were collected during the in-person, baseline interview.
HVC = highly valued context.

that over half of HVCs took place at home. Most HVCs were set
exclusively in the evening. Just under half took place while the
participant was alone. The primary motivations for drinking in an
HVC were to enhance a good mood and liking the taste alcohol.
Coping with negative affect comprised more than 70% of HVCs.

Frequency of Drinking Contexts and Associated Level
of Craving

Table 3 shows the percentage of reports for each nonmutually
exclusive type of context. Overall, not being in a drinking context
at all was most common location, reflecting 63.9% of the total
number of random-prompt reports. Among drinking contexts,
HVCs were the most common, making up 19.1% of the random
prompt reports. Already drinking was the next most common
context, reflecting 12.3% of reports. Mean level of craving within
each context is also shown in Table 3. All contexts were signifi-
cantly higher in craving compared with the nondrinking context.
Craving did not widely differ across context, as all were within
about a one point range of one another.

Context as a Predictor of Craving

Experiencing any craving. The intraclass correlation coeffi-
cient was .163. This indicated that 16.3% of the variance was
attributable to person differences, and 83.7% of the variance was
attributable to day-to-day variability within person. All contexts
were strongly associated with any craving, when controlling for
the others (see Table 4). Already drinking, negative affect, and
being in a usual drinking setting emerged with the strongest
relations to any craving. Those who reported they were already
drinking had 6.4 times the odds of experiencing any craving
compared with those who were not already drinking. Those expe-
riencing negative affect had 3.3 times the odds of reporting any
craving compared with those not experiencing negative affect. For
those in a usual setting where they drink, odds of any craving
increased more than threefold compared with those not in a usual
setting. Those participants in an HVC experienced 2.4 times the
odds of any craving, over and above the other contexts, compared
with those not in and HVC. For those in a place where alcohol is
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Table 3
Descriptives and Mean Craving by Context (N = 28,842 Reports)

Context

Proportion of total
reports (%)

Craving in context
(includes 0) M (SD)

Been in a place where alcohol is usually served: bar, restaurant, party, or club. (Place where alcohol

served) 5.1 3424
Been at a social event where you and your friends often drink: dinner at someone’s home, sporting event,

girls’ night out. (Social event) 3.2 3.8(2.3)
Been in a situation where you often drink, even if friends are not present: at home after working to unwind,

before going out to a party. (Usual setting) 9.6 3524
Felt especially upset, tense, stressed or angry. (Negative affect) 5.6 3.2 (2.6)
In an HVC 19.1 3.12.5)
Already drinking 12.3 4.3 (2.1)
None of the above 63.9 8 (1.5)

Note. HVC = highly valued context. HVCs were identified at the screening interview by participants. The total number of possible observations across

all times of day was 28,842.

usually served, odds of any craving increased over twofold com-
pared with those not in a place where alcohol is usually served.
Finally, for those at a social event, odds of any craving increased
just under twofold compared with those not in a social setting.

Intensity of craving. The intraclass correlation coefficient for
intensity of craving was .143, indicating that 14.3% of the variance
in any craving was due to person differences and 85.7% of the
variance was due to day-to-day changes within person. Being in
any of the drinking contexts also significantly related to craving
intensity, with already drinking, negative affect, and being in an
HVC having the strongest relations to increased craving. Those
who were already drinking reported craving levels that were al-
most a full unit of intensity higher compared with those who were
not already drinking. Those experiencing negative affect experi-
enced greater intensity of craving by an average of .81 units
compared with those not experiencing negative affect. Those par-
ticipants in an HVC experienced greater intensity of craving by an
average of just over a third of a unit, compared with those not in
and HVC. For those in a usual setting where they drink, intensity
of craving was, on average, more than a third of a unit higher
compared with those not in a usual setting. For those in a place
where alcohol is usually served, intensity of craving was, on
average, just under a third of a unit higher compared with those not
in a place where alcohol is usually served. Finally, for those at a
social event, intensity of craving was, on average, just over a fifth
of a unit higher compared with those not in a social setting.

Table 4

Main Effect of Severity of Alcohol Dependence on
Craving

Experiencing any craving. When controlling for all drinking
contexts, day of the study, weekend, and time of day, ADS score
was significantly yet weakly associated with any craving (b = .03,
SE = .01, p < .05), such that for every unit increase in ADS score,
the odds of experiencing any craving increased by 3% (OR = 1.03,
95% CI [1.001, 1.06]).

Intensity of craving. There was no main effect of ADS score
on intensity of craving.

Moderating Impact of Severity of Alcohol Dependence
on HVC Predicting Craving

Experiencing any craving. There was a significant interac-
tion between ADS score and HVC (Type III Tests of fixed effects,
F =6.16,p < .01; b = .03, SE = .01). Figure 1 demonstrates the
model-based (empirical Bayes) relationship between these vari-
ables and any craving. While the predicted probability of reporting
any craving was higher in an HVC for all participants, participants
with higher ADS scores had even higher probability of craving in
HVC, compared with both being in a non-HVC and at lower ends
of the ADS scores.

Intensity of craving. For intensity of craving, the interaction
term between ADS score and HVC did not yield a significant
effect (Type III Tests of fixed effects, F' = 3.15, p = .08).

Results of Multilevel Models of Context Predicting Any Craving and Intensity of Craving

Any craving

Intensity of craving

Context b (SE) )4 OR LLCI, ULCI b (SE) P
Already drinking 1.86 (.09) <.001 6.4 5.42,7.61 .94 (.04) <.001
Negative affect 1.19 (.09) <.001 33 2.77,3.94 .81 (.05) <.001
Usual drinking setting 1.13 (.08) <.001 3.1 2.61,3.63 .36 (.04) <.001
In an HVC .89 (.06) <.001 24 2.16,2.77 .37 (.03) <.001
Place where alcohol served .78 (.09) <.001 2.2 1.82,2.64 .29 (.05) <.001
Social event .67 (.13) <.001 1.9 1.51,2.51 .23 (.06) <.001

Note. HVC = highly valued context. All context predictors were entered into each of the models together.
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Figure 1. Model-based predicted probability of craving and odds of
craving across context at varying levels of the Alcohol Dependence Scale
(ADS). Min and Max refer to minimum and maximum ADS scores for this
sample, respectively. SD = standard deviation. HVC = highly valued
context.

Discussion

This study contributes important knowledge to the relatively
sparse literature on the relation of specific contexts to craving for
individuals with AUD attempting to moderate their drinking. As
expected, all measured drinking contexts were associated with
heightened craving compared with a nondrinking context. “Al-
ready drinking” had the strongest relation to both experiencing any
craving and intensity of craving. Negative affect was also strongly
related to both any craving and intensity of craving, consistent with
previous studies of daily or within day craving among individuals
with AUD and SUD (Hallgren et al., 2018; Moore et al., 2014).
These and other drinking contexts were selected based both on the
literature and clinical experience regarding contexts that tend to
lead to relapse among drinkers attempting to remain abstinent. The
present work suggests that these contextual influences also matter
for drinkers who were attempting to moderate their drinking.
Moreover, the highly valued contexts, those personally identified

as posing the most risk for exceeding set drinking limits, related to
craving over and above other influences.

HVCs were associated with both any craving and intensity of
craving. Importantly, HVC was related to craving over and above
the competing influences of already drinking, negative affect, and
other contextual variables. Treatment providers have long focused
on HVCs as a point of intervention, as a part of identifying high
risk situations for continued use or relapse prevention (Rotgers,
2003), and laboratory researchers have posited for some time that
personalized cues would be more robust than general cues (Conk-
lin, Perkins, Robin, McClernon, & Salkeld, 2010), owing to par-
ticularly strong and salient associations with use and subsequent
rewards. Regardless, this study is the only study known to these
authors to empirically explore the daily and within day relationship
between valuation and alcohol craving among individuals with
AUD attempting to moderate their drinking. Even when control-
ling for the attributes of drinking contexts, HVCs emerged as
significantly associated with both any craving and intensity of
craving, suggesting that understanding the value drinker’s place on
a specific drinking setting is an important part of intervention.
Only one other study utilized a similar approach to the present
study and examined the impact of person-specific cues on craving
among individuals with SUD attempting to abstain from all mood
altering substances (Fatseas et al., 2015). Fatseas et al. found that
compared with substance-specific cues, only person-specific cues
continued to increase intensity of craving throughout the day.
Furthermore, Fatseas et al. draw an important connection between
the possibility of HVCs explaining the high rate of resumption of
learned behaviors (i.e., relapse) after extinction, when exposed to
the original conditioning environment. Thus, findings from both
studies underscore the importance of addressing person-relevant
cues in the context of personalized medicine for addiction.

Hypotheses about the impact of AUD severity on HVC and
craving were only partially supported. Being in an HVC related to
higher odds of any craving, overall, but these odds were substan-
tially greater with increasing severity of the participant’s AUD
symptoms. These findings are consistent with a previous study of
individuals with AUD that found that higher ADS scores reduced
the likelihood of successfully moderating drinking across 15
months, regardless of receipt of treatment (Kuerbis, Morgenstern,
& Hail, 2012). Although speculative, these findings suggest that
greater presence of craving, especially when exposed to HVCs,
may explain the mechanism that prevents individuals with severe
AUD from achieving successfully controlled drinking. Interest-
ingly, this impact may be isolated to have any craving versus no
craving, as having greater severity of AUD and being in an HVC
did not differentially impact intensity of craving.

Findings from this study underscore the difficulty individuals
with AUD may have in attempting to moderate, even if they
acknowledge and avoid the situations they identify as the most
tempting. Findings also support the potential for different types of
interventions. Heat of the moment, mobile interventions that ac-
count for context, such as A-CHESS (Gustafson et al., 2014),
could be particularly helpful in preparing an individual to cope
with craving. It also suggests that such microinterventions should
target the participant prior to drinking initiation, given that once a
person initiates drinking, their odds of craving and intensity of
craving go up—likely leading to additional drinking. Furthermore,
specific moderation strategies suggested by Moderation Manage-
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ment, such as establishing a period of abstinence prior to an
attempt to moderate (Rotgers, Kern, & Hoeltzer, 2002), likely
reduces craving overall, as demonstrated in a previous study (Hall-
gren et al., 2018), presumably allowing for greater coping across
drinking contexts when there is a return to drinking. This return to
drinking can then take into consideration HVCs, which may
prompt an additional threat to return to high-risk drinking (Fatseas
et al., 2015). Future research on moderation should utilize EMA to
test whether and how specific mobile intervention techniques, like
those developed by Dulin and Gonzalez (2017), facilitate or inhibit
the experience of craving, thus subsequently increasing chances of
successful moderation.

Limitations

The findings of this study should be considered in the context of
its limitations. Only limited information about the HVCs was
gathered, which was reliant on participants’ subjective evaluation,
and were assessed at one point in time. Information gathered about
context is also limited by the fact that little detail was collected
about how drinking contexts differed from one another other than
the preselected choices. Crucial information about a drinking con-
text (e.g., during the holidays) that would be typically collected in
a clinical setting and that would differentiate its contribution to
craving may be missing. In addition, the item for negative affect
excluded from its list of examples several other types of possible
negative emotions, such as shame, sadness, and depression. It is
unknown as to whether participants did or did not endorse this item
if they were feeling negative emotions not listed. Thus, results are
limited by the questions asked and models used to test these highly
variable data, the observations for which are also highly correlated.
Despite the fact that MLM can account for much of this autocor-
relation, results are further limited by the statistics used to test
these highly variable data, in that our models may not be complex
enough to control for the multitude of factors involved in context-
based craving.

Future Research

As the limitations suggest, future research is needed to better
understand details and nuance of drinking context on craving for
those attempting moderate their drinking. Is drinking context like
a blunt instrument—no matter the context, craving is elicited? Or
are there contexts that yield important gradations of craving or a
piling on of craving that then predict whether or not a person will
drink heavily in that particular situation? These questions are
challenging to answer given the methodological limitations of
EMA and the need for low participant burden. In addition, future
research should explore whether drinking outcomes differ in any
way from craving outcomes, as these individuals with AUD were
actively trying to resist heavy drinking in spite of experiencing
craving. Craving is not necessarily a proxy for drinking, and
similar analyses should be performed to ascertain whether craving
is a mediator of drinking in the context of proactive attempts to
reduce drinking.

Conclusion

Despite its limitations, this study provides important informa-
tion about the impact of drinking context among individuals with

AUD attempting to moderate their drinking. It is the first study to
explore the impact of participant-identified highly valued drinking
contexts over and above other characteristics of drinking contexts
with participants attempting to moderate their drinking. This is
particularly important in that such knowledge can be helpful for
development of targeted heat of the moment interventions. This
study reveals the complexity of context and suggests several future
avenues for empirical exploration. Importantly, these findings can
inform interventions with individuals with AUD via heat of the
moment interventions, with attention to context and valuation.
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