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A B S T R A C T

Background: Stress has been known to increase craving in individuals with Alcohol Use Disorders (AUD) and
predict future alcohol relapse risk, but whether stress on a particular day affects craving on that day to impact
prospective alcohol intake in the real world, particularly during early treatment and recovery, has not been
studied thus far.
Method: The first study included 85 AUD individuals who reported their daily stress, craving, and alcohol intake
in the first two weeks of early treatment. A second validation study included 28 AUD patients monitored daily
during eight weeks of outpatient 12-Step based behavioral counseling treatment for AUD. Data were collected
from telephone-based daily diaries for 903 days in Study 1 and 1488 in Study 2. Multilevel latent models tested if
daily and person-averaged craving mediated the link between stressful events and next day drinking during
treatment.
Results: In both Study 1 and 2, exposure to a stressful event on a particular day predicted increased craving on
that day (p’s≤.002); and such increases in craving predicted the likelihood of drinking the next day (p’s≤.014)
and the drinking amount (p’s< =008). Individuals who experienced more stressful events reported higher
craving (p’s≤.012), and higher cravers reported greater next day drinking (p’s< .001).
Conclusions: The results across two studies with separate samples are the first to establish that craving directly
mediates the association between stress and next day alcohol intake in individuals with AUD. Findings suggest a
need for novel treatment approaches to address stress-induced craving to improve alcohol use outcomes.

1. Introduction

Twenty-nine percent of adults in the United States meet criteria for
Alcohol Use Disorder (AUD), one of the most disabling conditions
worldwide, at some point during their lifetime (Grant et al., 2015;
Rehm et al., 2009). AUD treatment is fraught with high dropout in early
engagement, treatment failure, and high relapse risk (Hunt et al., 1971;
Sinha, 2011; Stark, 1992), factors that contribute to high levels of al-
cohol-related morbidity and mortality (GBD Collaboration, 2018). The
typical objective of treatment for AUD is that the patient will abstain,
restore, or establish healthy drinking behaviors; however, patients are
confronted with a multitude of obstacles, including interpersonal and
situational stressors, that prevent them from reaching these goals or
even initiating treatment in the first place. Thus, identifying potential
therapeutic targets may help reduce the impact that stressors have on
drinking behaviors and potentially increase the likelihood that patients
will succeed.

Stress is a key component in many modern theories of the devel-
opment and maintenance of addiction (Koob and Volkow, 2016; Sinha,
2001). Stress broadly refers to a process that involves perceiving, in-
terpreting, responding, and adapting to a potentially harmful, threa-
tening, or challenging event (Lazarus and Folkman, 1984). Stressful
events result in emotional reactions (e.g., fear, anxiety, anger, sadness)
and physiological/endocrinological reactions to allow the individual to
mobilize resources to effectively manage the stress event. Stressful life
events, such as trauma or early-life adverse events, make individuals
more prone to developing an alcohol or substance use disorder. In turn,
heavy, chronic use of substances, such as alcohol or drugs, results in
adaptations to the stress response system that prevent the individual
from responding appropriately. While stress has been associated with
alcohol use, heavy social drinkers and those with AUD are more prone
to stress-related alcohol intake than light drinkers (Adinoff et al., 2005;
Blaine et al., 2019; Brown et al., 1995; Noone et al., 1999). Such
findings suggest that higher levels of alcohol and drug intake may
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impact emotion and motivational processes by closely tying environ-
mental precipitants, such as stress, to alcohol and drug intake and re-
lapse (Amlung and Mackillop, 2014; Fox et al., 2007; Sinha et al.,
2011a). Basic science studies that have modeled acute stress provoca-
tion in the laboratory have shown stress-induced reinstatement of al-
cohol and drug seeking in dependent animals (Lê et al., 2000; Mantsch
et al., 2016; Sinha et al., 2011b). In humans, acute stress provocation
using the personalized stress imagery procedure increased alcohol and
drug craving in the laboratory (Fox et al., 2008; Sinha, 2007, 2001;
Sinha et al., 2009, 2003; Sinha and Li, 2007), and at significantly higher
levels than healthy social drinkers (Sinha et al., 2011a, 2009). Fur-
thermore, reactivity to stress provocation predicted future relapse after
treatment (Higley et al., 2011; Sinha et al., 2011b, 2006). Acute stress-
induced alcohol and drug craving also increased intake in the labora-
tory (Blaine et al., 2019; McKee et al., 2011); however, it is not known
if craving is a key process that links stressful experiences and future
drinking in the real-world, especially during early treatment.

Significant previous research employing daily diary (DD) methods
and ecological momentary assessment (EMA) has investigated triggers
for alcohol use in social drinkers and clinical samples of AUD as well as
in other substance use disorders (Serre et al., 2015; Shiffman et al.,
2002; Wray et al., 2014). However, direct assessments of whether stress
increases alcohol and drug craving and if craving mediates future use
have been rare. For example, Preston and colleagues have shown that
exposure to both stress and opioid and cocaine-related cues increases
craving in an additive and synergistic manner using momentary sam-
pling methods with multiple randomly assessed measurements per day
(i.e., random prompts; Bertz et al., 2018; Kowalczyk et al., 2015;
Preston et al., 2018c, a); however, stressful events by themselves were
not sufficient to reliably predict opioid or cocaine use (Furnari et al.,
2015; Preston and Epstein, 2011). Craving is a reliable predictor of
substance use in both non-treatment seeking and treatment-seeking
samples (see Serre et al., 2015 for review), including among adults in
outpatient substance treatment (Moore et al., 2014) and heavy-drinking
adults and adolescents on naltrexone for alcohol use (Miranda et al.,
2018, 2014; Tidey et al., 2008). The extant research studies have
therefore separately tested if stress increases alcohol or drug intake and
if craving increases alcohol or drug use, but not if daily stress is asso-
ciated with daily craving and if stress related craving predicts future
intake, particularly in individuals with AUD.

The goal of the current studies was to extend laboratory findings of
stress-related craving and its association to future relapse to the real
world. Based on the laboratory findings described above, we hypothe-
sized that daily stressful experiences would lead to increased craving,
and that craving, acting as a mediator, would prospectively predict
alcohol intake the following day (see Fig. 1). This hypothesis was tested
in samples from two separate studies of treatment engaged individuals
with AUD. We disaggregated within- and between-person variability in
stress versus no stressful events and craving to isolate the day-to-day
fluctuations in stress and craving (within-person) from each person’s
average tendency to experience stressors and crave alcohol (between-
person). We used the daily single day assessment approach (DD) rather
than EMA as our goal was to assess daily stressors, daily craving and
prospective next-day alcohol use, rather than identify specific pre-
dictors of drinking on a specific day which is best tested using an EMA
approach (Serre et al., 2015; Shiffman et al., 2008; Wray et al., 2014).
The focus of this paper and the hypotheses were based on investigating
day- and next-day level processes of stress and craving on day-by-day
drinking while individuals are engaged in outpatient treatment.

2. Material and methods

2.1. Participants

Participants in both studies had to meet the following criteria to
participate in the study: male or female individuals between the ages of

18 and 65, meet current DSM criteria for Alcohol Dependence/AUD
(DSM-IV-TR for Study 1; DSM-5 for Study 2) and entering outpatient
treatment, able to sign informed consent, and read English and com-
plete study evaluations. Exclusion criteria included: a diagnosis of
abuse or dependence for any other psychoactive substance except
cannabis, nicotine, and caffeine; current use of psychoactive drugs; any
psychotic disorder or psychiatric disorder requiring specific attention
(e.g., Bipolar I or II Disorder, active suicidal intent and plan); significant
underlying medical conditions that would interfere or be of potential
harm during the study (e.g., history of myocardial infarction, cardio-
vascular disease, cancer). Additional exclusion for Study 1 was hypo-
tension as indicated by a sitting blood pressure below 90/60mmHg
because of the potential side effects of prazosin, an anti-hypertensive, of
lowering blood pressure for these individuals. In the first study, 85
participants were included in the analyses during the first two weeks of
their participation; a second validation sample of 28 AUD individuals
were assessed daily over a longer 8-week outpatient behavioral treat-
ment period (Table 1 for demographics).

2.2. Procedures

For both studies, treatment-seeking participants with AUD were
recruited from the community through advertising on the web, news-
papers and via flyers posted in the Greater New Haven area. For both
studies, all participants provided written informed consent and the re-
search was approved by the Yale University Human Investigation
Committee. Trained research assistants completed a phone screen with
participants to determine preliminary eligibility. Participants were then
invited to the Center where they received a complete description of the
study, provided their written informed consent, and completed an in-
person screening. During these appointments, participants completed a
series of baseline assessments and provided urine samples to verify
recent alcohol and drug use history.

On the first day of study initiation in both studies, participants
completed an orientation to the DD assessments. For participants in
Study 1, 50 participants (58.8%) completed their daily diaries via a
telephone interactive voice response system. The remaining 35 parti-
cipants (41.2%) completed their assessments via a smartphone app
(MetricWire, Inc) because of a change in the protocol. Participant re-
sponses in Study 2 were collected entirely through the app.
Measurements were collected during an evening survey that was trig-
gered at 8 pm every night that participants could complete within six
hours before going to bed. For Study 2, participants also completed a
morning survey at 8 a.m. where participants reported their alcohol use
for the previous day, which was used to estimate drinking if the par-
ticipants missed the previous day’s evening survey. Compliance was
monitored throughout the study. Participants were paid $2 per day for
responding to surveys and received an additional $10 bonus for com-
pleting all surveys that week.

2.3. Self-report measurements

Sociodemographic Information. Demographic data, medical history,
and family psychiatric history were assessed via interviews and self-
reports.

Structured Clinical Interview for DSM-IV/DSM-5 was used to obtain
Alcohol Dependence and AUD, respectively, and other diagnoses (First
et al., 2015; First and Gibbon, 2004).

The Timeline Followback (TLFB; Sobell and Sobell, 1992) was used
as a secondary source for daily data on alcohol use at each weekly face-
to-face appointment.

2.4. Daily diary monitoring

Study 1. Participants completed a daily survey that assessed if a
stress event occurred that day, their current alcohol craving, and the

S.E. Wemm, et al. Drug and Alcohol Dependence 204 (2019) 107569

2



amount of alcohol consumed that day. In this way, data on stressors
experienced and alcohol craving on each day as well as alcohol intake
per day was assessed, providing day-by-day data on predictor variables
and drinking outcome. Participants were asked to respond yes or no to
three questions designed to measure stressful events that day (“Did you
have or nearly have an argument or disagreement with anyone?”, “Did
anything else happen at home, work, or school that you felt was
stressful?”, “Did anything else happen to you that most people would
consider stressful?”) derived from the Daily Inventory of Stress Events
(Almeida et al., 2002). Recent work has demonstrated that asking
participants to recall stressful events at the day level yields similar re-
sults as asking participants to report stressful events as they occur
(Preston et al., 2018b). The three items were combined into a single
index that indicated if a stressful event occurred that day (“1″) or not
(“0″). Tiffany and Wray (2012) describe craving as an expression of
desire or wanting for alcohol or drugs. Questions that target this desire
or want, tend to perform as well as questions that directly ask about
craving. Thus, we opted for the average of two items was used to create
an index of craving, “Right now, I could really use a drink” and “Right
now, the idea of a drink is appealing,” to capture aspects of desire and
want. Participants indicated their agreement to these items on a 5-point

Likert scale (0=“Definitely False” and 4=“Definitely True”). When
reporting drinking behavior, participants were provided with a de-
scription of standard drinks (i.e., 12 oz. of beer, 5 oz. of wine, 1.5 oz. of
liquor) and asked how many glasses of beer, wine, and mixed drinks
they consumed on that day. Information about their alcohol con-
sumption that day was supplemented by TLFB if a participant missed an
evening survey in Study 1 (6.8% of drinking days). The quantity of each
type of drink was summed for each day to create an index of total drinks
consumed per day.

Study 2. The second study used the same procedure to measure
alcohol consumption, but the assessment of stressful events and craving
differed slightly. As before, the TLFB was used to estimate drinking on
days missing alcohol consumption reports (15.5% of days). To assess
stressors that occurred that day, participants completed a more ex-
tensive version of the daily stress assessment based on work from pre-
vious EMA studies (Armeli et al., 2015). Participants were asked,
“Which of the following events made you feel stressed today?” to which
they could check a box of twelve possible events (e.g., “Work/Educa-
tion,” “Home/Family,” “Finances,” among others). Responses were di-
chotomized to indicate if any stressful events occurred that day (“1″) or
not (“0″) in order to make the results comparable between studies.
Craving was measured by asking participants about their current desire
to drink (“Right now I could really use a drink”) on a Visual Analog
Scale (VAS) ranging from 1 representing “Strongly disagree” up to 100,
anchored at “Strongly agree.” We opted for a single question to reduce
participant burden since the two items described in Study 1 were
strongly correlated (r= .77).

2.4.1. Treatment description of studies 1 and 2
The first study focused on early treatment engagement in the first

two weeks of treatment in a medication trial of Prazosin versus Placebo
that required a 2-week titration before reaching full dose (Study 1). All
participants in Study 1 also received one hour per week of 12-step fa-
cilitation behavioral treatment as an adjunctive therapy. Study 2 served
to provide a separate validation sample and test the hypothesis over an
8-week period using the same behavioral treatment as Study 1 but
without the medication. The behavioral treatment consisted weekly one
hour meetings with a therapist that provided 12-step facilitation
(Nowinski et al., 1992) and was standard of care provided and was not
compared to any other treatment. Thus, the focus of the present study
was to assess the day-to-day effects of changes in stress and craving on
drinking on each day as they naturally occur in the real world setting of

Fig. 1. Conceptual diagram for testing hypothesized effects
using Multilevel Structural Equation Models. Specifically, we
examined the mediating effect of craving between stress
events and next day drinking in the day-to-day fluctuations
(within-person) and the averaged differences across in-
dividuals (between-person) in both studies.

Table 1
Sample Demographics and Clinical Characteristics at Intake.

Study 1 Study 2

Sample in Each Study (N) 85 28
Gender – no. of females 31 (36.5%) 11 (39.3%)
Race
Caucasian 41 (48.2%) 9 (32.1%)
African American 43 (50.6%) 18 (64.3%)
Other 1 (1.2%) 1 (3.6%)

Age 40.36 ± 11.05 36.93 ± 11.27
Years of Education 13.59 ± 2.11 13.25 ± 2.14
No. of regular smokers 50 (58.8%) 17 (60.7%)
Psychiatric Diagnoses 17 (20.2%) 4 (14.4%)
Major Depressive Disorder 4 (4.7%) 1 (3.6%)
Anxiety Disorders 2 (2.3%) 3 (10.7%)
PTSD 8 (9.4%) 1 (3.6%)

Years of alcohol use 16.25 ± 9.99 13.02 ± 10.91
Days of alcohol used (past 30) 20.20 ± 8.49 17.76 ± 8.84
Ave Drinks/Day 7.12 ± 4.79 5.56 ± 3.11
AUDIT Score 21.14 ± 6.89 18.96 ± 6.23

Note: Psychiatric diagnoses were determined using the DSM-IV-TR criteria in
Study 1 and DSM-5 criteria in Study 2.
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outpatient treatment over and above any effect of standard treatment.
Participants could attend self-help groups (e.g., Alcoholics Anonymous)
but could not attend any other formal treatment. As stress and cravings
commonly occur while AUD patients are in outpatient treatment and
12-Step Counseling, how stress and craving may impact drinking during
treatment remains a significant question.

2.5. Data analytic plan

Since the data in Study 1 was focused on the first two weeks of a 12-
week medication trial before participants reached the full-dose of the
study medication, we chose to assess stress, craving and drinking during
the titration phase. As expected, medication condition (Prazosin vs.
Placebo) did not significantly affect alcohol use during this period
(p > .20) In Study 2, responses collected throughout the entirety of the
eight-week behavioral counseling protocol were included in the ana-
lyses. To control for any effect of medication condition, we included it
as a covariate in the analysis for Study 1. In both studies, we also
covaried for the effect of study day or time during treatment on stressful
events, craving, and drinking, because it is possible that the behavioral
treatment participants received could exert increasing effects as parti-
cipants attended more sessions. We also controlled for age, gender,
psychiatric diagnoses of depression and anxiety, and cigarette smoking
status in both studies. We used Multilevel Structural Equation Modeling
(MSEM) with Bayesian estimation and fixed slope in Mplus 8.0 to test
the prospective mediating effect of craving right now on the association
between that day stress and prospective next day drinking and drinks
consumed. MSEM allows for isolating variations in drinking that are
due to a person being exposed to more stress or having greater craving
relative to their peers (between-person) from deviations in the person’s
own average level of stress or craving (within-person; Fig. 1).

Results Verification Analyses: As craving assessed in the evening
may also be influenced by drinking earlier in the day, we conducted
secondary analyses to further test the stability and strength of the
prospective associations by also testing the model using drinking be-
havior on the same day as the stress and craving reports, and their
effects on next-day drinking controlling for the previous day’s drinking
behavior (see Supplementary Appendix).

3. Results

Participants’ characteristics and baseline drinking prior to treatment
entry for Study 1 and 2 are summarized in Table 1. Consistent with
previous patient treatment based daily diary research, adherence to
daily reporting during the target data collection phase while in treat-
ment to all possible assessments was 73.0% in Study 1 and 77.5% in
Study 2 (Litt et al., 1998). In Study 1, participants completed a total of
903 daily logs of which 42.1% were drinking days (M=4.49,
SD=4.15 days, range: 0–14 days). The average number of drinks
consumed on drinking days were 4.96 ± 6.94. Stressful events oc-
curred on 35.2% assessed days, and the average daily craving was
1.59 ± 1.25 on the 5-point scale. In Study 2, participants completed
approximately 1488 daily logs of which 29.9% were drinking days
(M=15.93, SD=16.12 days, range: 0–50). On drinking days, parti-
cipants drank approximately 4.17 ± 2.84 drinks on average (1–14.32).
Stressful events occurred on 43.2% of the days recorded, and the
average craving on the VAS scale was 31.19 ± 30.80. The Supple-
mental Appendix includes additional descriptive results. All results
described in the following sections included all the covariates, and in-
clusion of these covariates did not change the pattern of results.

3.1. Craving mediation of stress and next-day drinking at the between-
person level

A similar pattern of findings played out at the between-person level
in both Study 1 (Table 2) and Study 2 (Table 3). Specifically,

individuals in Study 1 who experienced more stress on average reported
significantly higher overall craving (abetween:R2= .403–.414,
p’s< .001; b= .484–.502, p’s< .001). A one-unit increase in craving
on the five-point craving scale increases the probability of drinking by
.883 on average (bbetween:R2= . 452, p < .001; b=1.089, p < .001)
and the number of drinks by 1.83 on average (bbetween:R2= .367,
p < .001; b=1.796, p < .001; Fig. 4). The indirect effect of stress on
drinking mediated via craving (defined as the product of the abetween and
bbetween paths) was significant (indirectbetween:b=2.541–3.963,
p’s< .001) but the direct effect of stress on drinking was not (cwithin &
c’within p’s> .08).

Individuals in Study 2 who experienced more stress on average also
reported higher same day craving (abetween:R2= .117–.167,
p < .001;b=23.240–23.409 p= .010; Table 3). A ten-point increase
in average craving on the VAS scale corresponded with a 0.4 increase in
the probability of drinking (bbetween:R2= .471, p < .001; b= .040,
p < .001), and an increase of about .60 drinks on average for every
ten-unit increase in craving as compared to their peers who craved less
(bbetween:R2= .568, p < .001; b= .060, p < .001). Higher levels of
stress did not have direct effects on the average probability of drinking
the next day or average alcohol intake (cwithin & c’within p’s> .05).
However, overall stress had an indirect effect on averaged next day
alcohol intake via its effect on craving (indirectbetween:b= .919–1.518,
p’s< .001).

3.2. Craving mediation of stress and next day drinking at the within-person
level

In Study 1, at the within-person level, experiencing a stressor earlier
in the day predicted a 0.27 increase in craving that night
(R2= .012–.062, p’s< .001; awithin:b=0.126-0.129-,p= .002; Fig. 3).
An increase in an individual’s craving relative to their average was
associated with a greater probability of the following day being a
drinking day(R2= .033,p < .001; bwithin:b=0.148, p= .014) and an
increase of .43 drinks consumed from their own average levels
(R2= 0.019, p < .001; bwithin:b=0.373, p= .008; Fig. 4). Although
stress did not have a direct effect on the following day’s drinking be-
havior (cwithin & c’within p’s> .08), the indirect effect via craving was
significant at the within-person level (indirectwithin:b= .019–.047,
p’s< .001).

The same results were obtained in the validation sample in Study 2
(Table 3; Fig. 2). Stressful events that day predicted about an 1-point
increase in craving relative to the participants’ own average levels
(awithin:R2= .012–.047, p’s< .001; b=1.042-1.092-8.302, p < .001).
Higher within-person craving, in turn, predicted the next day’s alcohol
consumption, including an increased likelihood that the next day would
be a drinking day (bwithin: R2= .021, p < .001; b=0.005, p= .011)
and an increased deviation of .58 drinks for every 10-unit increase in
craving (bwithin:R2= .038, p < .001; b=0.058, p < .001). As in
Study 1, stress did not have direct effects on the following day’s
drinking in Study 2 (cwithin & c’within p’s> .26), but it did have an in-
direct effect via craving (indirectwithin b= .019–.096, p’s< .001).

3.3. Secondary analyses to verify stability of the results

We also assessed if the prospective mediation model remained sig-
nificant after accounting for the impact of same-day drinking on same-
day craving and next-day drinking. Same-day drinking increased
craving that day and was significantly associated with the following day
drinking behavior. However, the prospective models remained robust in
both studies and indicated that including same-day drinking did not
reduce the effect of the stress-craving relationship on next day drinking
(see Tables S1–S4 in Supplemental Results).
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4. Discussion

Both clinical lore and laboratory research suggests that stress is
associated with alcohol intake during treatment and with relapse risk
after treatment. However, there has been limited research directly
testing mediators of this association and the role that craving plays in
the link between stress and alcohol intake during daily life in AUD. This
study is the first to directly measure the mediating effect of craving on
the link between daily stress exposure and prospective assessment of
next-day drinking in two studies with separate samples of outpatient
treatment engaged adults with AUD. Findings indicate that participants’
abstinence and their reductions in drinking were jeopardized by stress-
related craving. On days that individuals experienced a stressor, they
reported greater alcohol craving that night. Craving, in turn, predicted
an increased likelihood of drinking and greater amount of alcohol
consumed on the following day. Furthermore, the finding of stress-re-
lated craving mediating next-day alcohol use was replicated in two

separate treatment-seeking samples and remained significant even
when accounting for same day drinking. The consistency of the findings
across two separate studies and samples speaks to the stability and
validity of the results.

A strength of this study and other intensive repeated-measure de-
signs is the ability to model within-person state-based changes sepa-
rately from between-person individual differences. At the within-person
or day-by-day level, we found that the presence or absence of stress per
day covaried with changes in craving levels for that day, which in turn
predicted higher likelihood of drinking and higher alcohol amounts
consumed for the following day. At the between-person or individual
level, associations between stress, craving, and drinking were also si-
milar, in that individuals exposed to more stressors were at risk for
higher craving than their peers. In turn, individuals with high craving
profiles were generally more likely to drink and consumed greater
average number of drinks than low craving peers.

It should be noted that a large proportion of the variance in craving

Table 2
Results from the Study 1 mediation multilevel structural equation model predicting the likelihood of next day drinking day and number of drinks consumed.

Drank Next Day Next Day Drinking Amount

Parameter Est. Posterior S.D. p 95% C.I. Est. Posterior S.D. p 95% C.I.

Lower Upper Lower Upper

Within
awithin: Stress → Craving .129 .042 .002 .048 .208 .126 .043 .002 .041 .210
bwithin: Craving → Drinking .148 .068 .014 .018 .283 .373 .151 .008 .069 .675
cwithin: Stress → Drinking −.056 .079 .252 −.215 .090 .084 .197 .338 −.283 .475
c’within: Stress → Drinking −.039 .075 .301 −.182 .108 .086 .186 .326 −.282 .455

Between
abetween: Stress → Craving .484 .163 .001 .167 .822 .502 .168 .001 .159 .918
bbetween: Craving → Drinking 1.089 .224 <.001 .634 1.552 1.825 .473 < .001 .859 2.706
cbetween: Stress → Drinking −.133 .305 .322 .728 .507 −.313 .609 .307 −1.544 .836
c’between: Stress → Drinking .442 .300 .068 −.122 1.065 −.300 .530 .181 −1.355 .741

Indirect (a x b)
indirect within .019 .011 .016 .001 .045 .047 .026 .010 .005 .108
indirect between .525 .206 <.001 .162 .984 917 .402 .001 .275 1.844

Note: Est. = estimate, S.D. = standard deviation, C.I. = credibility interval, p = Bayesian one-tailed p-value, or the proportion of the posterior distribution that
overlaps zero (for positive estimates= proportion below zero, for negative estimates= proportion above zero). Analyses controlled for gender, age, medication
condition, day in the study, smoking status, and psychiatric diagnoses. The drinking day outcome is a binary variable (0=non-drinking day, 1=drinking day), thus
probit link was used for the outcome variable. The Bayesian credibility interval encompasses the lower 2.5% and 97.5% in the posterior distribution.

Table 3
Results from the Study 2 mediation multilevel structural equation model predicting the likelihood of next day drinking day and number of drinks consumed.

Drank Next Day Next Day Drinking Amount

Parameter Est. Posterior S.D. p 95% C.I. Est. Posterior S.D. p 95% C.I.

Lower Upper Lower Upper

Within
awithin: Stress → Craving 3.589 1.042 < .001 1.542 5.605 3.728 1.092 .001 1.594 5.858
bwithin: Craving → Drinking .005 .002 .011 .001 .010 .026 .008 .001 .010 .041
cwithin: Stress → Drinking .012 .105 .457 −.191 .219 .117 .294 .346 −.466 .691
c’within: Stress → Drinking .035 .106 .373 −.169 .247 −.091 .288 .358 −.610 .500

Between
abetween: Stress → Craving 6.175 2.699 .010 .997 11.771 5.821 2.650 .012 .741 11.198
bbetween: Craving → Drinking .045 .012 < .001 .022 .070 .058 .015 < .001 .028 .087
cbetween: Stress → Drinking −.232 .151 .057 −.541 .062 −.258 .180 .072 −.622 .095
c’between: Stress → Drinking .045 .171 .397 −.286 .396 −.262 .186 .071 −.630 .089

Indirect (a x b)
indirect within .019 .010 .011 .002 .041 .096 .042 .001 .026 .188
indirect between .275 .144 .010 .035 .601 .337 .179 .013 .035 .740

Note: Est. = estimate, S.D. = standard deviation, C.I. = credibility interval, p = Bayesian one-tailed p-value, or the proportion of the posterior distribution that
overlaps zero (for positive estimates= proportion below zero, for negative estimates= proportion above zero). Analyses controlled for gender, age, medication
condition, day in the study, smoking status, and psychiatric diagnoses. The drinking day outcome is a binary variable (0=non-drinking day, 1=drinking day), thus
probit link was used for the outcome variable. The Bayesian credibility interval encompasses the lower 2.5% and 97.5% in the posterior distribution.
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Fig. 2. The between and within-person results for the multilevel structural equation models in both studies assessing the mediating effect of craving on the re-
lationship between stress and drinking outcomes. Depicted are the standardized coefficients for each path. R2 refers to the explained variance proportion in an
underlying continuous latent response variable. * indicates significant results.

Fig. 3. The within- and between-person effects
of stress on craving. Each point is plotted using
the person-centered (within-person) and grand-
mean centered (between-person) craving vari-
ables. Error bars ± SE. Within-Person effects
are for days when stress occurrence con-
sistently increased craving for that day (within-
person; p’s< .001). Between-person effects in-
dicate individuals that were higher in stress
relative to their peers reported higher craving
on average (between-person; p’s≤.010).
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and drinking were accounted for by between-person differences (see
Supplemental Appendix). The remaining variance at the within-person
level was smaller by comparison. In addition, our results showed that
the magnitude of the effect was much larger across individuals, or at the
between-level albeit with more variation, than at the daily or within-

level in both studies. It may be that small deviations in the within-
person motivational state that are sustained over the day are adequate
to affect drinking behavior. However, craving can fluctuate over time
and individuals vary extensively in their reports (Shiffman, 2000). By
separately modeling the between- and within-person components, we

Fig. 4. Effects of craving on alcohol intake at the within- and between-person levels in both studies when between-person level variables are at their average and on a
stress day. The gray areas indicate the increased probability of a drinking day as craving increases in Study 1 (within-person: p’s< .001, between-person: p’s< .001)
and in Study 2 (within-person: p’s< .001, between-person: p’s≤.001). In Study 1, each point is plotted at 1-point intervals of the craving measure; in Study 2, each
point is plotted at 10-point intervals.
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could not only identify who is more at-risk for drinking while in treat-
ment, but also when they would be most at risk. An additional strength
of this study was the time-locked nature of the mediation tested in these
analyses. Although stress and craving were measured simultaneously,
others have found that end-of-day stress reports were comparable to
stressful events reported at the moment that the event occurred
(Preston et al., 2018b). Furthermore, how the participants were asked
to respond (i.e., stressful events earlier in the day, craving right now)
lend confidence to the temporal sequencing of the predictor and med-
iator. More importantly, considering a prospective future outcome of
next-day drinking also supports temporal sequential testing of the ef-
fects of stress and craving on the next-day drinking outcome assessed
daily across 14 days in Study 1 and daily over an 8-week period in
Study 2.

Other investigations of stress, craving, and drug use (i.e., cocaine,
heroin) have found that craving increases in the presence of stress,
independent of drug cues (Jobes et al., 2011; Preston et al., 2018c); in
contrast, the relationship between stress and substance use has been
less reliable (Furnari et al., 2015; Preston et al., 2018a). These previous
results are consistent with our present findings in treatment engaged
AUD individuals. We did not find that stressful events had a direct effect
on alcohol use; rather, the effect of stress on next day alcohol intake was
fully mediated via its effect on alcohol craving. Early mediation models
were required to have a significant direct path between the predictor
and dependent variable (Baron and Kenny, 1986), but researchers have
made the case that this is not a necessary condition for testing indirect
effects (Zhao et al., 2010). When our findings are taken together with
previous research, stress influences substance use when it directly in-
creases the urge to use. This is consistent with previous work from
Furnari et al. (2015) that found stress occurrence alone was an incon-
sistent predictor of opioid or cocaine use; however, they also found that
severity of the stressor mattered. That is, the more stressful an event
was, the more strongly the event predicted cocaine use. Therefore, it
could be that certain types of stressful events (i.e., interpersonal stres-
sors) that are more severe might have a direct impact on drinking.
Another study from the same laboratory found that stress-related feel-
ings was related to increased craving (Preston et al., 2018c). These
collective results suggest that response to event is important and the
inability mount an effective response to a stressful event, and a lack of a
sense of effective coping, may make addicted individuals more vul-
nerable to craving and drug use. Consistent with this, laboratory evi-
dence suggests that stress may specifically act on alcohol and drug use
primarily via craving. It is entirely possible that more severe stressors or
stressors that elicit stronger reactions might exert their impact via in-
creased craving or motivation to drink. Trauma-related symptoms
predicted coping-related alcohol use in a group of individuals with co-
morbid AUD and Post-Traumatic Stress Disorder (Kaysen et al., 2007;
Simpson et al., 2014). Failing to consider the critical role of craving, or
motivation to use, in the stress-substance use link would likely provide
an underestimate of the impact that stress has on alcohol use and po-
tential relapse in early treatment.

Although there are several FDA approved medications and evi-
dence-based behavioral counseling approaches to AUD treatment, their
effects are modest (Garbutt, 2009; Litten et al., 2015) and relapse
during and after treatment are common (Hunt et al., 1971; Shim et al.,
2017; Sinha, 2011). Craving, encompassing the psychological urge and
intent to use and the associated physiological arousal (Sinha, 2013), is a
cardinal symptom in DSM-5 for each of the substance use disorders
(SUD) including alcohol (American Psychiatric Association, 2013). It
has also been the focus of pharmacologic and behavioral treatments for
SUD and AUD, but craving associated with stress is rarely addressed in
SUD and AUD treatment, and there are no specific empirically validated
pharmacologic or behavioral treatments for AUD to date that specifi-
cally targets the stress-induced craving state. Naltrexone, by far the
most studied pharmacological intervention for AUD, targets craving but
it is unclear if it reduces stress-induced craving. There is preliminary

evidence that pharmacological interventions that target the adrenergic
system may reduce craving evoked by both alcohol/drugs and stress
(Fox and Sinha, 2014; Fox et al., 2012; Lê et al., 2011). Cognitive be-
havioral treatments separately address craving and negative affect in
selective modules, but neither module directly addresses the stress-in-
duced craving state, which may encompass physiologic, emotional,
cognitive, and behavioral aspects of stress-related alcohol and drug
motivation to potentially impact risk of intake (Bergquist et al., 2010;
Chaplin et al., 2010; Sinha, 2013). As evidenced by the current study,
stressful events are common for most individuals in early recovery.
Current findings support the notion that novel treatment development
to specifically target craving and high risk of drinking on stressful days
during treatment could be of benefit in decreasing stress-related craving
and its potential for adversely jeopardizing alcohol treatment and re-
covery.

The current findings should be considered within the context of its
limitations. Our findings may only generalize to treatment-seeking in-
dividuals with AUD and replication of current results would be needed
in non-treatment seeking AUD or binge/heavy alcohol users. It should
also be noted that the results were somewhat stronger in Study 1 as
compared to Study 2. This is likely in part due to the larger sample size
included in Study 1 as far more power is achieved by adding partici-
pants than number of assessments in intensive longitudinal designs
(Bolger and Laurenceau, 2013). We also focused on daily evening re-
ports of craving. However, craving not only fluctuates during the day,
but also commonly occurs in the context of alcohol- and drug-related
cues. Despite this, findings from other groups have found that craving
can be sustained for as long as four hours before drug intake (Fatseas
et al., 2015). This suggests that the effects of craving may be more
sustained unless an intervention is introduced. The fact that craving
continued to exert an impact on next-day drinking behavior over and
above same-day drinking suggests that craving still wields powerful
effects beyond any possible within day variation of when it might be at
its peak, at least for individuals receiving outpatient treatment for AUD.
Future investigations that use EMA approaches with random prompts
and participant-initiated surveys would be necessary to address the
relative impact of within day variation of stressors, alcohol cues, and
their combination on alcohol craving and future drinking. It is im-
portant to note that we assessed all daily stressors and not specifically
traumatic events, which tend to be more infrequent occurrences. No-
tably, current findings suggest that stressors do not have to be traumatic
in nature to increase craving and influence day-to-day drinking out-
comes. Specific assessment of the influence of traumatic occurrences on
day-to-day craving and drinking in the real world would be an im-
portant future research goal. Another important area for future research
would be to assess if gender moderates the associations between the
variables of interest. Studies with a larger sample could explore how
treatment-seeking men and women might differ in their stress-evoked
craving and alcohol use.

5. Conclusions

Despite these caveats, the current research is the first to establish
that stress has its pernicious impact on drinking during treatment by its
positive association with increasing craving, that in turn, increases the
risk of next day alcohol intake in AUD individuals’ initiation of treat-
ment and early recovery across two separate samples. These findings
validate previous laboratory studies that show acute personalized stress
provocation increases craving and such increases in stress-induced
craving prospectively predict relapse (Sinha et al., 2011a, 2006). Fur-
thermore, the findings underscore the importance of targeting craving
specific to stressful experiences during AUD treatment. Since there are
limited treatments that directly target stress-evoked craving, develop-
ment, and testing of novel interventions that specifically address the
stress-induced craving state may serve to enhance alcohol use treatment
outcomes.
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