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Background:  Research  has  linked  tonic  and  variable  mood  to problematic  alcohol  use,  both  between-
and  within-subjects.  Indices  of  behavioral  control  have  moderated  these  links,  at  least  at  the  between-
subjects  level.  The  current  study  examines  daily  associations  between  indices  of  emotional  functioning
and  alcohol  involvement  as  a function  of  response  inhibition.
Methods:  College  student  drinkers  (n =  74;  58.11%  female)  were  enrolled  in a study  on  emotion  and  alcohol
use.  Participants  completed  a  stop-signal  task  as an  index  of response  inhibition.  They then  carried  a
personal  data  device  for 21 days,  reporting  daily on mood,  alcohol  use,  and  acute  alcohol  use  disorder
symptoms.  Mood  instability  was the  mean  square  of  successive  differences  from  daily  mood  assessments.
Results:  There  were  1309  person  days  (622  drinking  days)  available  for analysis.  Pre-drinking  mood  insta-
bility  was  positively  associated  the likelihood  of drinking  and  drinks  consumed  on  drinking  days.  The
former  association  was  diminished  among  women  with  high  response  inhibition.  Pre-drinking  positive
mood  was  positively  associated  the  likelihood  of  drinking  and  drinks  consumed  on  drinking  days.  The
latter  association  was  diminished  among  women  with  high  response  inhibition.  Pre-drinking  negative
mood  was  positively  associated  with  drinks  consumed  on  drinking  days  among  women  with  low response
inhibition.  Finally,  pre-drinking  positive  mood  was  associated  with  acute  alcohol  use  disorder  symptoms
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among  those  with  low  response  inhibition.
Conclusions:  These  results  suggest  that interventions  targeting  positive  mood  may  be  particularly  impor-
tant.  Further,  developing  ways  to improve  response  inhibition  control  may  broadly  influence  negative
drinking  outcomes  by  affecting  multiple  mood-drinking  associations.

© 2016  University  of Kentucky  Center  for  Drug  Abuse  Research  Translation.  Published  by Elsevier
Ireland  Ltd.  This  is an  open  access  article  under  the CC  BY-NC-ND  license
. Introduction

Several theoretical models posit that mood motivates alcohol
se including the tension reduction hypothesis (Conger, 1956),
elf-medication hypothesis (Khantzian, 1997), affective processing
odel of negative reinforcement (Baker et al., 2004), stressor-

ulnerability model (Cooper et al., 1988), and stress-response
ampening model (Sher and Levenson, 1982). However, these mod-

ls focus primarily on tonic levels of mood, and most have not
onsidered potential moderators of mood-alcohol associations.

∗ Corresponding author at: Department of Psychology, NDSU Dept. 2765, P.O. Box
050, Fargo, ND 58108-6050, United States.

E-mail address: robert.dvorak@ndsu.edu (R.D. Dvorak).

ttp://dx.doi.org/10.1016/j.drugalcdep.2015.09.034
376-8716/© 2016 University of Kentucky Center for Drug Abuse Research Translation. Pu

icense (http://creativecommons.org/licenses/by-nc-nd/4.0/).
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

In addition to examining positive and negative mood, recent
research has demonstrated the utility of examining mood vari-
ability or instability in the context of alcohol use. Retrospective
self-report studies suggest that mood instability is related to a
host of alcohol-related outcomes including alcohol-related prob-
lems (Kuvaas et al., 2013; Simons, 2003; Simons et al., 2004) and
dependence symptoms (Simons et al., 2009; Stevenson et al., 2015).
However, these studies are limited by retrospective recall biases.

To overcome recall biases, researchers have examined mood-
alcohol associations in near-real time using ecological momentary
assessment (EMA; Shiffman, 2009). Several EMA  studies demon-
strate relationships between mood and alcohol use (see Armeli

et al., 2000; Dvorak et al., 2014; Dvorak and Simons, 2014; Hussong
et al., 2001; Mohr et al., 2005; Simons et al., 2010), though these
studies tend to focus on level of mood rather than mood dynam-
ics. In a notable exception, Gottfredson and Hussong (2013) used

blished by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND
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R.D. Dvorak et al. / Drug and Alc

MA to demonstrate that mood variability (operationalized using
tandard deviations) was related to increased drinking at both the
etween-subject and within-subject levels.

Mood instability represents moment-to-moment mood fluc-
uations, reflecting both high variability and low temporal
ependency. Whereas standard deviations capture variability and
utocorrelations capture temporal dependency, mood instability
eems to be best captured by the mean square of successive differ-
nce (MSSD; Ebner-Priemer et al., 2009; Jahng et al., 2008; Trull and
bner-Priemer, 2009) as it accounts for both variability and tempo-
al dependency. In the present study, we focus on mood instability
s an indicator of emotion dysregulation that is associated with
lcohol-related outcomes above and beyond the effects of positive
nd negative mood.

Although multiple theoretical accounts justify why mood insta-
ility should relate to alcohol-related outcomes, we focus on the
trength model of self-control (SMSC; Muraven and Baumeister,
000), which considers problematic alcohol use as self-regulation
ailure. Based on numerous SMSC studies, regulating one’s mood
s thought to use limited self-control resources (Baumeister et al.,
998). According to this model, more frequent attempts of mood
egulation can lead to a state of diminished effortful resources,
esulting in problematic alcohol use (i.e., heavy alcohol use and/or
xperiencing more AUD symptoms). Indeed, recent research has
ndicated it is the regulation of mood, rather than elevated mood
tates generally, that results in the depletion of effortful resources
Bruyneel et al., 2009). Providing evidence of the SMSC within the
ontext of problematic alcohol use, Muraven et al. (2005) found that
elf-control demands during the day, which include tasks such as
rying to suppress negative emotions, predicted violations of indi-
idual drinking limits. Interestingly, this depletion effect may  be
ess pronounced among those with higher “trait” levels of behav-
oral control (Dvorak and Simons, 2009; Gailliot and Baumeister,
007; Muraven et al., 2005).

Although assessed using a wide range of distinct measures,
ecent reviews and meta-analyses (e.g., Smith et al., 2014; Wilcox
t al., 2014) have indicated that deficits in behavioral control
re associated with problematic alcohol use. Furthermore, there
s emerging evidence that indices related to behavioral control

oderate the association between mood instability and alcohol-
elated problems. Using cross-sectional data, Simons et al. (2004)
ound that the positive relationship between mood instability and
lcohol-related problems was strongest among individuals with
igh self-report impulsivity (i.e., low behavioral control). Similarly,
tevenson et al. (2015) found the positive association between
ood instability and alcohol dependence symptoms was dimin-

shed among individuals with better Stroop performance (i.e., high
ehavioral control). In a prospective study, Simons et al. (2009)
ound that mood instability was a stronger predictor of alcohol
buse symptoms six months later among those with higher self-
eport impulsivity (i.e., low behavioral control). Thus, there is
rowing evidence that associations between unstable mood and
roblematic use are strongest among individuals with diminished
ehavioral control. However, this has yet to be examined at the
aily level.

Building off this research, the present study proposes that mood
nstability results in a depletion of effortful resources, and this
ffect may  be less pronounced among those with better behavioral
ontrol. Overall, we expected that mood instability would predict
lcohol outcomes (i.e., alcohol use and AUD symptoms) above and
eyond positive and negative mood, and that response inhibition
RI), a behavioral index related to behavioral control, would mod-

rate mood-alcohol associations such that these associations were
trongest among those with lower RI (i.e., deficits in behavioral
ependence 163 (2016) S46–S53 S47

control). Finally, we  explored gender as a moderator of these asso-
ciations.

2. Methods

2.1. Participants

Participants (n = 74; 58.11% female) were recruited from a Mid-
west university for a study examining emotion and alcohol use. The
sample ranged in age from 18 to 29 years (M = 21.30, SD = 2.07).
Ninety-one percent of the sample was White, 1% was Black, 3% was
Native American/Alaskan Native, 4% was Asian, and 1% was  other.

2.2. Procedure

This study consisted of two phases. During Phase I, participants
(n = 1875) completed an online screen for Phase II (the EMA  phase).
Participants who met  enrollment criteria (drinking 2–4 times per
month) were invited to participate in Phase II (n = 460). The first 80
individuals who  responded to the invite were scheduled for a lab
appointment where they completed informed consent, baseline lab
assessments of neuropsychological functioning including RI, and
training in the use of the personal data device (PDD). The PDD  train-
ing included: (1) a review of PDD schedule of events (i.e.,  random
assessments and self-assessments), (2) education on a “standard”
alcoholic drink using the NIAAA standard drink card, (3) discus-
sion of acute alcohol use disorder symptoms (these were described
as ‘alcohol-related problems’—for each symptom an example was
given), and (4) procedures in the event of loss, theft, or device error.
Participants carried the PDD for the next 21 days. Participants were
compensated $20 for the initial appointment, $0.50 for each com-
pleted random assessment and $1.00 for each completed morning
assessment.

2.2.1. Ecological momentary assessments (EMA). EMA  participants
responded to three assessments on the PDD: morning (a
self-initiated assessment occurring between 8:00AM–10:00AM),
random mood/drinking assessments (occurring randomly nine
times per day between 8:00AM–2:00AM), and an evening assess-
ment (not used here). Morning assessments primarily examined
alcohol use variables. Random assessments primarily assessed
current mood and drinks consumed (if currently drinking). Partic-
ipants could set the PDD to ‘Vibrate’ and could postpone random
assessments for up to 10 min. All assessments were date and time
stamped.

2.3. Measures

2.3.1. Emotional functioning. Emotional functioning was  assessed
by 18 items from subscales of the PANAS-X (Watson and Clark,
1999) and Larsen and Diener’s (1987) mood circumplex. Each item
asked “How are you feeling right now?” with responses on a
scale of 1 (not at all) to 11 (extremely). Five facets of mood were
selected. Four negative mood states—anxiety (anxious, nervous,
jittery;  ̨ = .84), anger (angry, frustrated, irritated, tense;  ̨ = .89),
stress (stressed, overwhelmed;  ̨ = .84), and sadness (down, blue,
depressed, sad;  ̨ = .93)—were combined to form a negative mood
indicator (  ̨ = .83). Five positive mood states (excited, enthusiastic,
energetic, happy, joyful;  ̨ = .93) were used to form the posi-

tive mood indicator. Mood Instability was  a standardized variable
formed using the mean square of successive difference (MSSD) for
each primary mood state above (n = 5) across random assessments
(  ̨ = .70). Previous research supports the use of MSSD as a measure
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Table 1
Descriptive statistics for study variables.

Variables Mean SD Range

Between-subjects
Age 21.297 2.072 18–29
Response inhibition 248.893 104.134 30.838–943.543
Drinking days 9.351 3.943 1–19

EMA  data
Positive mood 4.834 1.983 0.100–9.960
Negative mood 2.250 1.788 0–10.333
Mood instability 3.394 0.671 0–48.910
Drinks consumed 3.514 3.837 0–73
Acute AUD Sxs 0.482 1.105 0–9
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Table 2
Bivariate correlations of between-subject associations.

1 2 3 4 5 6 7 8

1. Age –
2. Gender −.10 –
3.  Response inhibition .04 .21 –
4. Positive mood −.09 .28 −.32 –
5.  Negative mood .24 −.16 −.16 −.32 –
6.  Mood instability .14 −.08 .02 −.16 .55 –
7.  Drinking days .35 .04 .09 .02 .08 .18 –
8.  Drinks consumed .04 .35 −.01 .09 .10 .17 .42 –
9.  Acute AUD Sxs .06 .14 .11 −.01 .11 .08 .26 .42

Note: Sxs = Symptoms. Response inhibition = Stop-Signal Response Time. Gender
coded: 0 = Women, 1 = Men.
ote: Sxs = Symptoms. Response inhibition = Stop-signal Response Time.
etween-subjects (n = 74), EMA  Data (n = 1309).

f mood instability (Jahng et al., 2008). The formula for computing
SSD is below:

SSD = 1
N − 1

N−1∑

i=1

(xi+1 − xi) x2

.3.2. Alcohol use. Alcohol use was assessed via two  different
trategies. Each morning participants were asked, “How many
rinks did you consume last night?” which they responded to on

 scale of 0–50. If participants reported they had been drinking
uring an in situ assessment, participants were asked, “How many
rinks have you consumed since your last assessment?” which
hey responded to on a scale of 1–20. There was a strong positive
orrelation between in situ and morning drinks reported (r = .64,

 < .001).

.3.3. Acute alcohol use disorder (AUD) symptoms. AUD symptoms
ncluded symptoms indexing a loss of control over alcohol use
e.g., “drank when promised self not to”), tolerance (e.g., “had to
rink more to feel same effects”), and withdrawal (“experience
ithdrawal symptoms”). Participants were asked, “Did any of the

ollowing occur last night or this morning?” The 10 items were
hown in a scrolling list each day during the morning assessment.
t the first lab appointment, occurring prior to the EMA  data col-

ection period, all items were discussed with participants to ensure
hey fully understood the meaning of each symptom and could
ccurately report on them during the self-monitoring period.

.3.4. Response inhibition (RI). RI was measured via the Stop-Signal
ask using mean Stop-Signal Reaction Time (SSRT) latency. During
he stop signal task, a succession of left- or right-pointing arrows is
resented. Participants press the corresponding key for the arrow
resented. A brief tone (stop signal), indicating participants should

nhibit a response, is presented on 25% of trials. Stop signals are
resented between 50 and 300 ms  after the arrow. The delay is
djusted using a staircase approach based on the previous response
o the last stop signal. Participants completed one practice block
f 32 trials followed by four test blocks of 64 trials each. Previ-
us research indicates that the Stop Signal RT (SSRT; the mean RT
equired to inhibit a pre-potent response) serves as an accurate
easure of RI (Logan, 1994). Previous research has linked the SSRT

o alcohol-related outcomes (Aragues et al., 2011). Lower scores
ndicate better RI.

.4. Data preparation
The original sample had 80 participants; however, one indi-
idual completed no EMA  assessments, two individuals reported
o alcohol use, two individuals had extremely low compliance
Data are based on subject means.
r  ≥ |.24|, p < .05.

(i.e., <20% with no self-initiated assessments), and one individual
reported alcohol use, but no daytime mood. These observations
were removed, resulting in an analysis sample of n = 74.

Tonic positive and negative mood were calculated as the mean of
mood assessments prior to alcohol consumption on drinking nights.
Mood instability was the mean of the five mood instability indi-
cators assessed prior to drinking initiation on drinking nights. On
non-drinking nights, or nights in which alcohol was not endorsed
during the evening but was reported the following morning, each
individual’s mean time to drink across drinking nights was used as
a stopping point for calculation of mean mood and mood instability.

Participants reported 490 drinking episodes during in situ
assessments; however, 31 of these days had too few mood assess-
ments (i.e., <2) to calculate MSSD, reducing the in situ drinking
assessments to 459. Whenever possible, in situ drinks served as
the primary outcome of drinks consumed. In the absence of in situ
drinks (e.g., due to device failure, dead battery, device forgotten at
home, etc.), the morning report was  used (n = 165). There were a
total of 1574 person days; however, 95 person days contained no
mood or alcohol use data. These were removed, resulting in 1479
days. Among these, there were a total of 1309 days with sufficient
mood assessments to compute MSSD; of these, there were a total
of 622 drinking days.

2.5. Analysis plan

The data were analyzed using mixed-effects multilevel mod-
eling in Mplus 7.3 (Muthén and Muthén, 2012). At level 1, mean
pre-drinking positive and negative mood, as well as pre-drinking
mood instability were added as person-centered predictors of the
three alcohol outcomes (drinking likelihood, drinks consumed, and
acute AUD symptoms). Gender and RI were grand-mean centered
and used as predictors of the level 1 intercept and mood slopes
for each outcome. In addition, interactions of RI × Gender were
examined as predictors of each level 1 coefficient. For all three out-
comes, the model intercepts had significant variance and thus were
allowed to vary randomly. The RI indicator was divided by 1000,
making it a fraction of a second rather than milliseconds, in order
to increase interpretability of the regression coefficients.

We first estimated a logistic model predicting whether an indi-
vidual reported drinking (drinks >0) with level 1 variables centered
across all analysis days. Next, a negative binomial count model pre-
dicting the number of drinks on drinking days was  estimated, with
level 1 variables centered across drinking days. Finally, a negative
binomial count model predicting acute AUD symptoms on drink-
ing days was  estimated. This model mirrored the previous analysis,

however, alcohol use was  added as a person-centered level 1 pre-
dictor. For the logistic model, we  present Odds Ratios (OR); for the
two count models, we  present Incident Rate Ratios (IRR).
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Table  3
Multilevel models predicting alcohol use likelihood, drinks consumed on drinking days, and acute alcohol use disorder symptoms experienced on drinking days.

Outcome variables

Predictor variables Level Alcohol Use likelihooda Drinks consumed on drinking daysb Acute AUD symptomsb

(OR) (IRR) (IRR)
Intercept 1 0.460*** 5.696*** 0.493***

Gender 2 1.406 1.436** 1.163
Response inhibition 2 0.711 1.657 1.111
Gender × response inhibition 2 1.441 0.472 1.158

Positive Mood Slope 1 1.190*** 1.119** 1.083
Gender 2 1.000 1.093 0.995
Response inhibition 2 0.928 2.397** 8.900***

Gender × response inhibition 2 6.919 0.314* 0.279

Negative mood slope 1 0.858 1.047 1.155*

Gender 2 0.843 0.891 0.944
Response inhibition 2 2.370 1.353 2.063
Gender × response inhibition 2 4.217 0.289* 1.011

Mood instability slope 1 1.072** 1.034* 1.060
Gender 2 1.042 1.047 1.010
Response inhibition 2 1.411 0.937 1.489
Gender × response inhibition 2 0.456* 1.003 0.716
Alcohol Use Slope 1 N/A N/A 1.050***

Gender 2 N/A N/A 1.000
Response inhibition 2 N/A N/A 0.923
Gender × response inhibition 2 N/A N/A 1.170

Note. Level 1: Within-subjects effects, centered at subject level. Level 2: Between-subjects effects, centered at grand-mean. Six day-of-week dummy coded indicators were
included in all analyses, but are not depicted above.
n  = 74 subjects.

a n = 1309 person-days.
b n = 622 person-days.
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* p ≤ .05.
** p ≤ .01.

*** p ≤ .001.

. Results

.1. Descriptive and compliance statistics

Table 1 displays the descriptive statistics for all study variables.
orrelations of between-subjects variables are listed in Table 2. Par-
icipants carried the PDD for an average of 20.55 days (SD = 2.80;
ange 9–24) days. Participants had good compliance, completing
2.14% of signaled random assessments and 86.75% of morning
ssessments.

.2. Alcohol use likelihood

The likelihood of drinking was higher on Thursday (OR = 2.22,
 = .001), Friday (OR = 6.42, p < .001), and Saturday (OR = 6.26,
 < .001), relative to Sunday. Positive mood was  associated with
n increased likelihood of drinking. RI and gender moderated the
ssociation between mood instability and use likelihood. We  calcu-
ated the simple slopes of mood instability on use likelihood at high
+1SD) and low (−1SD) levels of RI for women (Fig. 1 Panel a) and

en  (Fig. 1 Panel b). For individuals with good RI (i.e., −1SD) there
as a positive association between mood instability and drinking

ikelihood for men  (OR = 1.11, p = .015) but not women (OR = 0.98,
 = .731). However, among those with poor RI (i.e., +1SD)  this associ-
tion was significant for both women (OR = 1.13, p = .023) and men
OR = 1.08, p = .011) (Table 3*).

.3. Drinks consumed on drinking days

Men  consumed more drinks than women on drinking days.

n drinking days individuals consumed fewer drinks on Mondays

IRR = 0.67, p = .035), but more on Fridays (IRR = 1.40, p = .044) and
aturdays (IRR = 1.70, p < .001), relative to Sundays. Mood instabil-
ty was positively associated with drinks consumed. RI and gender
moderated the association between pre-drinking positive mood
and drinks consumed as well as between pre-drinking negative
mood and drinks consumed. Fig. 2 depicts the cross-level interac-
tion between positive mood and drinks consumed and Fig. 3 depicts
the cross-level interaction between negative mood and drinks con-
sumed. Positive mood did not predict drinks consumed (IRR = 0.94,
p = .163) for women with good RI (i.e., −1SD), but did predict drinks
consumed (IRR = 1.24, p = .015) for women with poor RI (i.e., +1SD).
Positive mood predicted drinks consumed for men  with poor RI
(IRR = 1.20, p = .001) and good RI (IRR = 1.15, p = .029), although this
association was  slightly attenuated among those with good RI. Neg-
ative mood did not predict drinks consumed (IRR = 1.00, p = .899)
for women with good RI. Though it did predict drinks consumed
(IRR = 1.20, p = .063) for women  with poor RI, this did not reach con-
ventional levels of statistical significance using a +/− 1SD approach.
Negative mood did not predict drinks consumed for men  with good
(IRR = 1.02, p = .754) or poor (IRR = 0.94, p = .386) RI.

3.4. Acute alcohol use disorder symptoms on drinking days

On drinking days, more acute AUD symptoms were experienced
on Fridays relative to Sundays (IRR = 1.84, p = .018). Alcohol use
was positively associated with acute AUD symptoms experienced
on drinking days. Negative mood was also positively associated
with the rate of experiencing acute AUD symptoms on drinking
nights. There was  a significant cross-level interaction between pre-
drinking positive mood and RI in the prediction of the rate of acute
AUD symptoms experienced on drinking days that did not vary by

gender (see Fig. 4). For those with good RI (i.e., −1SD) pre-drinking
positive mood was inversely associated with acute AUD  symptoms
(IRR = 0.86, p = .009); however, among those with poor RI (i.e., +1SD)
this association was  positive (IRR = 1.36, p < .001).
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ig. 1. Associations between mood instability and alcohol use likelihood at high and
ow levels of RI among women (panel a) and men  (panel b).

. Discussion

The current study examined the association between three
ndices of daily emotional functioning (positive mood, negative

ood, and mood instability) and alcohol involvement (alcohol
se likelihood, drinks consumed on drinking days, and acute AUD
ymptoms on drinking days). We  then examined the extent to
hich these associations varied as a function of RI and gender.

he findings were largely consistent with hypotheses. Pre-drinking
ositive mood and mood instability were positively associated with
oth the likelihood of drinking on any given day as well as the
mount consumed on drinking days. These associations varied by
ender, RI, and interaction of gender and RI. In addition, negative
ood predicted drinks on drinking nights, but only for women  with

oor RI. Finally, positive mood was associated with a higher rate
f experiencing acute AUD symptoms among those with poor RI;
owever, this relationship was reversed among those with good RI.

Consistent with previous EMA  research (Gottfredson and
ussong, 2013), mood instability was associated with increased
lcohol use. Interestingly, previous research using a between-
ubjects approach has indicated that mood instability is seldom
ssociated with alcohol use (see Simons, 2003; Simons et al., 2009),
ut is frequently associated with alcohol-related consequences

Kuvaas et al., 2013; Simons, 2003; Simons et al., 2004, 2009). The
urrent study suggests that this latter finding may  occur via a pro-
ess of repeated exposure at the daily level. Over time individuals
ho tend to have more mood instability may  be more likely to
Fig. 2. Association between positive mood and drinks consumed on drinking nights
at  high and low levels of RI for women (panel a) and men  (panel b).

drink and/or drink at higher rates, subsequently resulting in more
problematic use patterns.

Previous research has suggested that the association between
emotional instability and alcohol involvement (primarily prob-
lems) is moderated by indices of behavioral control (Simons et al.,
2004, 2009; Stevenson et al., 2015). Though we did not find this
association for alcohol-related problems (i.e.,  AUD symptoms) or
consumption rates on drinking days, we did find this association for
alcohol use likelihood, but only for women. Further, we  found a sim-
ilar association between tonic negative mood and drinks consumed
on drinking days as a function of RI. Both of these interactions
varied by gender. Research has shown that daily mood-alcohol
associations might be differentially moderated by indices of neu-
ropsychological functioning (Sher et al., 2007) and that this may
vary by gender (Dvorak and Simons, 2014). However, the cur-
rent findings are quite different from those of Dvorak and Simons
(2014) in which better neuropsychological functioning (i.e.,  sus-
tained attention and attention shifting) increased the association
between negative mood and alcohol involvement, but only for men.
There are notable differences between these studies, making them
difficult to compare, but on the surface they seem quite contradic-
tory. Future research may  benefit from comparing several different
aspects of behavioral and cognitive control as moderators of mood-

alcohol associations in near real-time.

From a dual process perspective (Wiers et al., 2007), compar-
ing variables which seem to tap into effortful control (i.e.,  attention
control, working memory, error monitoring, etc.) to factors which
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Fig. 3. Association between negative mood and drinks consumed on drinking nights
at  high and low levels of RI for women (panel a) and men  (panel b).
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the limitations. First, this was a fairly well adjusted, predominantly
ig. 4. Association between pre-drinking positive mood and acute AUD symptoms
n  drinking nights at high and low levels of RI.

eem to be more relevant for behavioral impulse control (e.g., pre-
otent stopping, RI, etc.) may  be particularly relevant. Combined
ith previous research, the current findings seem to suggest dif-
erential moderation of mood-alcohol associations by each process
s a function of gender. However, these findings are complicated by
esearch indicating that the same task (e.g., Stop-signal) may  acti-
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vate different brain regions in men  and women (Li et al., 2006). Li
et al. (2009) have posited that this gender difference in activation
(at least during the Stop-signal task) may  place men at an increased
risk of impulse control related psychopathology such as substance
use disorders.

The most pervasive aspect of mood-alcohol associations appears
to be those related to positive mood. We  found that pre-drinking
positive mood was associated with increased alcohol use, both like-
lihood and amount following initiation. Interestingly, this latter
association did not vary by RI for men, but it did for women. Specif-
ically, the link between positive mood and consumption rates on
drinking nights was  attenuated among women  with good RI abil-
ities. As noted above, there appear to be different brain regions
associated with RI in men  and women. One of these differences is
higher activation in the caudate nucleus in men, relative to women
(Li et al., 2009). Given the role of the caudate nucleus in both motor
functioning (Boehler et al., 2010) and reward processing (Liu et al.,
2011), perhaps this difference manifests in a sort of “reward over-
ride” for men, increasing the appetitive draw of alcohol use during
positive mood. In contrast, motor responses and reward process-
ing may  not become “entangled” in women, who  do not show the
same activation pattern in the caudate nucleus. Although this is
speculative, it is at least partially consistent with some research on
adolescents (Bar-Haim et al., 2009). Future research is needed to
fully understand this differential association.

Though positive mood was not directly related to acute AUD
symptoms, after controlling for use, this association was moder-
ated by RI and did not vary by gender, which is consistent with
research indicating that impulse control may be especially rele-
vant in reducing alcohol related consequences (Smith et al., 2014).
Additionally, there is considerable research linking positive mood
based rash action to alcohol-related consequences (Arbeau et al.,
2011; Cyders et al., 2009; Dinc and Cooper, 2015). The current study
supports these findings, and suggests that indices of behavioral
control may  be particularly important when it comes to regulating
positive-mood induced rash action.

4.1. Treatment implications

Regulation of negative emotion is a mainstay of many addic-
tions treatments (Berking et al., 2011; Marlatt and Tapert, 1993;
Stasiewicz et al., 2013). In addition, the new wave of mindfulness-
based approaches seems particularly relevant for addressing mood
instability (Britton et al., 2012). However, less attention has been
paid to the regulation of positive emotion as a mechanism to pre-
vent rash action, despite the fact that enhancement drinking has
long been linked to negative outcomes (Cooper et al., 1995, 1992).
Perhaps research could begin to focus on ways to redirect posi-
tive mood toward more adaptive goal-driven behaviors. At the very
least, psychoeducation on the risks of positive mood seem pru-
dent. Finally, the present findings add to the literature suggesting
that better behavioral control is associated with a host of benefi-
cial outcomes (Smith et al., 2014). There have been recent attempts
to retrain aspects of behavioral control (Friese et al., 2011; Houben
et al., 2012, 2011). These have been met  with some success (Manuel
et al., 2013, 2010; Sahdra et al., 2011; Spierer et al., 2013; Wiers
et al., 2011), but there are still important issues to be resolved before
we can deem these interventions efficacious (Enge et al., 2014).

4.2. Limitations

The findings of this study should be evaluated in the context of
white, upper Midwest, college student sample. Thus, generaliza-
tion to other populations should be done with caution. The current
study used a fairly crude assessment of mood and mood instability.
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revious research has indicated disaggregating mood into its con-
tituent parts is more informative than using simple “positive” and
negative” mood states (Hussong and Chassin, 1994). The same may
e true for mood instability. For example, instability in anger may
e more influential than instability in sadness, or vice-versa. With
his small sample of 74 individuals, we did not have the statistical
ower to explore a number of associations for various tonic and
nstable moods. Future research should strive to take a more com-
rehensive evaluation of these issues. As reflected in our review,
here are a wide range of both self-report and behavioral measures
hat target aspects of behavioral control; however, we only exam-
ned one behavioral measure (i.e., Stop-signal task) that assesses
re-potent RI. Behavioral control is likely not a unitary construct,
o future research examining multiple indices related to behavioral
ontrol would provide a more nuanced understanding of how these
rait-like variables affect mood-alcohol associations. Relatedly, we
onceptualized RI as a stable trait. However, it is quite possible that
I varies, at least to some extent, from moment to moment, which
emains a question for future research.

. Conclusions

Consistent with the SMSC, the current study found that mood
nstability led to increased likelihood of alcohol use. However, this
ssociation was attenuated among women with better RI. Similar
esults were found for the both pre-drinking positive and negative
ood. In addition, positive mood was associated with higher rates

f acute AUD symptoms among men  and women with poor RI, but
nversely associated with problems among those with good RI abil-
ties. These results suggest that developing ways to improve RI may
roadly influence negative drinking outcomes by affecting multiple
ood-drinking associations.
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