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ABSTRACT
Alcohol cues are prevalent in our everyday lives (on commercials and billboards, in
grocery ads, etc.). Past work has demonstrated that exposure to alcohol cues evokes alcohol
craving as evidenced by cortical activation. Neural activity underlying cue-elicited craving is
connected to core personality systems of approach motivation, avoidance motivation, and
supervisory control. However, it is unclear which personality system is driving measures of
frontal activation related to cue-elicited alcohol craving. The current study sought to determine
which personality system moderates frontal asymmetric activation evoked by cue-elicited
alcohol craving, when participants were exposed to alcohol or neutral pictures. Results revealed
that greater trait impulsivity moderated the relationship between greater left-frontal activation
and picture type. Approach motivation and avoidance motivation were unrelated to left-frontal
activation and picture type. These results suggest that decreased activation of the supervisory
control system (increased trait impulsivity) is responsible for greater left-frontal activation in
response to cue-elicited alcohol craving, not increased activation of the approach system or the
avoidance system.
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1. INTRODUCTION
Alcohol cues are a constant part of our environment: advertisements on billboards, T.V.
commercials, and magazines; neon signs of alcohol brands on restaurants, and alcohol for
purchase at bars, gas stations, and grocery stores. It is difficult not to encounter alcohol cues on a
daily basis. Research has consistently demonstrated that the presentation of alcohol cues elicits
cravings for alcoholic beverages. A meta-analysis of over 40 studies investigating cue reactivity
found that alcohol cravings were higher following alcohol cues but not following neutral cues
(Carter and Tiffany 1999). Importantly, this increase in craving is strong not only for addicted
and heavy drinkers, but also for non-addicted individuals and light drinkers (Papachristou et al.
2012). Individuals may crave alcohol for reasons beyond the pharmacological effects. Alcohol is
associated with social benefits, personal enhancement, sexual amelioration, and stress reduction
(Fromme et al. 1993; Kuntsche et al. 2005).
Research has also shown that exposure to alcohol cues elicits behaviors associated with
alcohol consumption (e.g., tension reduction, increased aggression) devoid of the
pharmacological effects of consumption (Friedman et al. 2007). While it is clear that alcohol
cues bear on physiological and behavioral processes associated with consumption, research has
yet to clearly identify what aspects of personality moderate this relationship.
Underlying human behavior are three fundamental personality systems: the approach
motivation system, the avoidance motivation system, and the supervisory control system. The
approach motivation system, measured using the behavioral activation system scale (BAS), is
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theorized as the „go‟ system responsible for behavioral approach actions as well as goal-directed
behaviors (Depue and Collins 1999; Carver and Scheier 2008; Elliot 2008; Gray 1970; Gray
1987; Gray and McNaughton 2000). An enhanced approach system may drive cue-elicited
alcohol craving in that individuals high in approach are more sensitive to rewards and more
motivated by alcohol cues (Hicks et al. 2012; Zisserson and Palfai 2007). In contrast, the
avoidance motivation system, measured using the behavioral inhibition system scale (BIS), is
theorized as the „withdraw‟ system responsible for avoidance behaviors that occur in response to
threat and non-rewarding situations (Gray 1970; Gray 1987; Carver and Scheier 2008; Elliot
2008). Enhanced avoidance motivation observed in individuals with depression and anxiety has
been linked with increased alcohol craving and consumption (Grant and Harford 1995; Cooney
et al. 1997; Gordon et al. 2006).
The supervisory control system mediates the actions of the approach and avoidance
systems (Kochanska and Knaack 2003; Rothbart and Rueda 2005; Nigg 2006; Carver and
Connor-Smith 2010). This system exists as a regulatory system and functions by employing
executive control to restrict impulses produced by the approach and avoidance systems. The
supervisory control system is also needed to direct the priorities of the approach and avoidance
systems. For example, without the supervisory control system, resources would be wasted in the
excessive pursuit of desirable objects or the over avoidance of negative stimuli. Furthermore,
biological models of human behavior identify approach, avoidance, and supervisory control as
distinct personality systems. In addition, the supervisory control system may aid in allowing
individuals to persevere through unpleasant or tedious tasks.
The supervisory control system is associated with inhibitory control, constraint, and
effortful control. This system has an inverse relationship with trait impulsivity (Logan et al.
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1997; Kochanska and Knaack 2003; Rothbart and Reuda 2005; Nigg 2006; Enticott et al. 2006;
Carver and Connor-Smith 2010). Failure of the supervisory control system evidenced by
elevated trait impulsivity reduces forethought and may leave individuals more vulnerable to
desired impulses. Individuals higher in trait impulsivity may experience more inhibitory failure
in the presence of alcohol cues resulting in greater cravings for alcoholic substances and
subsequent consumption (Perry and Carroll 2008; Joos et al. 2013). Based on these three
fundamental personality systems (approach, avoidance, and supervisory control), it seems likely
that cue-elicited alcohol craving could stem from one of the following: increased activation of
the approach system, increased activation of the avoidance system, or a reduced functioning of
the supervisory control system.
Core Personality and Alcohol-Cue Craving
Past research suggests a relationship between cue-elicited alcohol craving and approach
motivation. Individuals who believe alcohol enhances perceptions of attractiveness have an
increased incentive or greater approach motivation toward the consumption of alcohol (Friedman
et al. 2005). Alcohol is associated with positive mood states and high energy situations generally
associated with approach motivation (Cyders and Smith 2008). The association between positive
situations and alcohol can enhance approach motivation toward alcohol resulting in elevated
cravings (Cox 1988). College students associate times of celebration with the consumption of
alcohol (Del Boca et al. 2004), suggesting that approach-motivated situations and alcohol are
strongly associated. Finally, research has also shown that individual differences in reward
seeking tendencies, associated with approach motivation, are related to increased cravings for
alcohol (Verheul et al. 1999). This past work suggests that alcohol craving may be associated
with enhanced activation of the approach system.
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Other research has suggested a relationship between an overactive behavioral avoidance
system and cue-elicited alcohol craving. Individuals with an overactive avoidance system have a
higher prevalence for increased cravings for alcohol and increased consumption of alcohol
(Carpenter and Hasin 1998; Kushner et al. 2001; Gordon et al. 2006; Canan and Ataoglu 2008;
Witkiewitz and Bowen 2010). Higher depressive symptomatology associated with greater
avoidance motivation increases risk of substance craving and abuse (Gordon et al. 2006;
Witkiewitz and Bowen 2010). Individuals high in avoidance are more sensitive to threats in the
environment and more likely to experience negative affect. Drinking to reduce negative affect
has been identified as a core motivational factor for consumption (Cooper et al. 1992). Highly
anxious individuals report using alcohol as a way to reduce aversive states (Kushner et al. 2001;
Canan and Ataoglu 2008). Individuals who drink to reduce negative affect are more likely to
develop alcohol dependence (Carpenter and Hasin 1998). In sum, cue-elicited alcohol craving
may be due to an over active avoidance system.
Alternatively, alcohol craving may also be associated with reduced functioning of the
supervisory control system. Reduced functioning of the supervisory control system as measured
by increased impulsivity enhances cravings for alcohol. Trait impulsivity is a better predictor of
alcohol cravings than drinking styles (social versus compulsive drinking habits) (Papachristou et
al. 2012). Additionally, individuals high in disinhibition tend to experience increased cravings
for alcohol in the presence of alcohol cues (Verheul et al. 1999). Enhancing the supervisory
control system has also been found to reduce alcohol craving (Field and Cox 2008; Garland et al.
2010; Leeman et al. 2014). For example, employing cognitive effort, such as redirecting
attention away from alcohol cues can reduce the intensity of cue-elicited alcohol cravings (Field
and Cox 2008). Strengthening the supervisory control system through mindfulness training
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reduces craving towards alcohol stimuli (Garland et al. 2010). This past work suggests that an
under active supervisory control system may drive cue-elicited alcohol craving.
Based on past evidence examining the approach, avoidance, and supervisory control
systems, cue-elicited alcohol craving is likely to be associated with one of these systems. The
current study seeks to understand which of these systems governs cue-elicited alcohol cravings.
Specifically, the current study seeks to understand the influence of these personality systems by
examining the influence of these three systems on neural measures of cue-elicited alcohol
craving.
Frontal Asymmetry and Alcohol Craving
Much research has identified activation of the frontal cortex as a neural correlate of alcohol
craving (George et al. 2001; Tapert et al. 2003; Tapert et al. 2004; Wrase et al. 2002). Greater
frontal cortical activation is associated with alcohol consumption (Goldstein and Volkow 2002),
desire for alcoholic substances, and alcoholism (George et al. 2001). Temporarily lesioning the
dorsolateral prefrontal cortex using transcranial direct current stimulation (tDCS) administration
effectively diminishes alcohol cravings (Boggio et al. 2007). Additionally, functional magnetic
resonance imaging (fMRI) research has identified activity in the orbitofrontal cortex as a neural
correlate of cue-elicited craving (George et al. 2001; Tapert et al. 2003; Wrase et al. 2002).
Importantly, the frontal cortex demonstrates asymmetrical functioning of the right and
left hemispheres. Craving has been associated with greater left-frontal activation across several
different domains, such as cocaine cravings (van de Laar et al. 2004), nicotine cravings
(McClernon et al. 2005), and internet use cravings (Han et al. 2011). This body of work has
provided evidence that the subjective feeling of craving is associated with greater activity in the
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left frontal cortex. Other work has found that the current urge to consume alcohol in response to
alcohol cues activates the left orbitofrontal cortex (Myrick et al. 20041).
Frontal activation has been asymmetrically related to the fundamental personality
systems of approach and avoidance (Broca, 1861; Sperry et al. 1969; Gazzaniga 1985; Toga and
Thompson 2003). Greater relative activation of the right frontal cortex is associated with the
avoidance system (Sutton and Davidson 1997; Aron et al. 2004; Elliot 2008). In contrast, greater
relative activation of the left frontal cortex is associated with the approach system (Sutton and
Davidson 1997; Coan and Allen 2003; Harmon-Jones et al. 2010; Goldstein 1939; Rossi and
Rosadini 1967; Harmon-Jones 2003; Harmon-Jones and Gable 2009).
Previous research has shown that both trait and state levels of approach motivation have
been associated with greater left than right frontal cortical activity. Precisely, approach
motivation states elicited using dessert pictures (Harmon-Jones 2003; Harmon-Jones and Gable
2009) and trait approach motivation, measured using the BAS scale (Carver and White 1994;
Harmon-Jones and Sigelman 2001; Coan and Allen 2003; Amodio et al. 2008) have been
associated with greater left frontal activity. Similarly, previous research has shown that
avoidance motivation has been associated with greater right than left frontal cortical activity.
State behavioral avoidance measured using the BIS scale (Carver and White 1994) is related to
resting or baseline right frontal activation (Sutton and Davidson 1997; Aron et al. 2004; Elliot
2008). Additionally, experimental paradigms manipulating avoidance motivation through
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Despite much research linking craving with greater left frontal activation, some may argue that
craving might be associated with right frontal activation. Individuals with overactive avoidance
systems display greater right frontal activation (Davidson 1992; Sutton and Davidson 1997) and
greater alcohol craving (Gordon et al. 2006; Witkiewitz and Bowen 2010), however, the
connection between right front activity and alcohol cue craving seems tenuous. Evidence
suggests that cue-evoked alcohol craving is related to greater left-frontal asymmetry.
6

disgusting images (Davidson et al. 1990) and punishment cues (Sobotka et al. 1992) evoke
greater relative right frontal activation.
Despite the approach and avoidance systems being strongly associated with greater left or
right frontal activation, only recently has past work linked the supervisory control system with
frontal asymmetry (Aron et al. 2014; Grimshaw and Carmel 2014). Trait sensation seeking has
been linked to greater right frontal alpha activity at baseline (Santesso et al. 2008). Greater
behavioral risk taking has been linked to right frontal theta and delta activation (Gianotti et al.
2009). Additionally, Gable, Mechin, Hicks, and Adams (in press) had participants respond to a
measure of trait impulsivity (positive urgency) and measured baseline (e.g., trait) frontal
asymmetry. The results found that trait impulsivity related to greater relative left-frontal EEG
activity due to decreased right frontal activity. Specifically, reduced functioning of the right
Inferior Frontal Gyrus (rIFG) was responsible for the association with positive urgency and
increased left frontal asymmetry. Results of this study suggest that greater relative left-frontal
activity may reflect the neural underpinnings of the supervisory control system.
The current study sought to investigate which personality system drives
neurophysiological craving responses towards alcohol pictures. Specifically, the study examined
whether trait impulsivity, trait approach, or trait avoidance moderates the link between
asymmetrical frontal activation and alcohol cues. Participants completed measures of trait
impulsivity and measures of trait approach/avoidance motivation before viewing both alcohol
and neutral picture cues. Neurophysiological activity was recorded during picture viewing.
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2. METHODOLOGY
Forty-two participants (29 females, 10 males, 3 did not report gender) completed the
study in return for partial course credit.
Procedure
Participants completed the UPPS-P Behavioral Impulsivity Scale (Cyders et al. 2007), the
BIS/BAS scales (Carver and White 1994), and general demographics including age, gender, and
questions about their current drinking habits. After completing the demographic questions as
well as the measures of impulsivity and approach/avoidance motivation, participants viewed 32
neutral pictures (rocks) and 32 alcohol pictures (alcoholic beverages such as beer, wine, and
liquor). Each picture was displayed for 9 seconds and preceded by a 500ms fixation cross. EEG
activity was recorded during picture presentation. Lastly, experimenters thoroughly debriefed
participants and granted participation credits. The current study was approved by the IRB ethics
committee and all participants were informed of their rights as participants before beginning the
study.
Measures
Demographics.
Participants reported their sex (1= female, 2 = male). Participants also reported
handedness by indicating whether they use their left, right, or either hand for 13 different
behaviors (e.g., drawing). All participants reported being right handed.
UPPS-P Behavioral Impulsivity Scale.
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The UPPS-P Behavioral Impulsivity Scale is a 59-item scale with five subscales
measuring trait impulsivity. Each question is rated on a four point Likert Scale (1 = Agree
Strongly; 4=Disagree Strongly). Higher scores on the UPPS-P indicate a higher level of
impulsivity (Cyders et al. 2007). The first subscale, negative urgency, encompasses 12 items
(e.g., “In the heat of an argument, I will often say things that I later regret”). Negative urgency
refers to the tendency to act rashly when in a distressed state. The second subscale, lack of
premeditation, is comprised of 11 items that gauge an individual‟s inability to consider the
consequences of actions (e.g., “I am not one of those people who blurt out things without
thinking”; item reverse scored). The third subscale, lack of perseverance, is comprised of 10
items and measures an inability to persist in completing tasks or committing to obligations (e.g.,
“I generally like to see things through to the end”; item reverse scored). The fourth subscale,
sensation seeking, is 12 items and measures an individual‟s propensity for stimulation and
excitement (e.g., “I generally seek new and exciting experiences and sensations”). Finally, the
fifth subscale, positive urgency, is comprised of 14 items and measures the tendency to act rashly
when experiencing high positive affect (e.g., “When I am in a great mood, I tend to get into
situations that could cause me problems”). Means, standard deviations, and reliability scores for
the UPPS-P and subscales can be found in Table 1.
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Table 1
Descriptive Statistics and Reliabilities of Individual Difference Measures
Measure
Mean
Std. Dev
Cronbachs Alpha
BAS
2.97
0.38
0.81
BAS Reward
Responsiveness

3.28

0.31

0.44

BAS Drive

2.67

0.52

0.76

BAS Fun

2.87

0.61

0.81

BIS

2.91

0.66

0.89

UPPS-P

2.87

0.39

0.93

Negative Urgency

2.87

0.54

0.84

Positive Urgency

3.23

0.46

0.92

Lack of Premeditation

2.93

0.47

0.89

Lack of Perseverance

3.12

0.43

0.84

Sensation Seeking

2.26

0.55

0.87

Trait BIS/BAS,
The BIS/BAS questionnaire contains one scale of BIS (behavioral inhibition) and three
subscales of BAS (behavioral activation). The BIS scale component relates to the anticipation of
punishment and is a measure of the avoidance motivation system. The BIS scale encompasses
seven items (e.g., “I worry about making mistakes”). The three BAS scales include: BAS reward
responsiveness, BAS drive, and BAS fun-seeking. BAS reward responsiveness looks at
responses to the anticipation of reward across five items. BAS drive measures an individual‟s
persistent pursuit of goals across four items. BAS fun-seeking measures an individual‟s
willingness to approach new stimuli with the potential of reward across four items. The entire
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BIS/BAS scale is 20 items (Carver and White 1994). Overall BAS is calculated by taking the
average of the BAS subscale items. Means, standard deviations, and reliability scores for the
BIS/BAS scales as well as the BAS subscales can be found in Table 1.
Drinking Habits.
Two questions measured past month drinking habits. Past month drinking was measured
by asking participants “During the past month how many times have you had at least one drink
of alcohol?” (referred to as “past month drinking”). The typical amount consumed during each
instance of drinking was measured by asking participants “During the past month on the days
you drank, on average, how many drinks did you have?” (labeled “past month amount”). Alcohol
use was quantified using a product of monthly frequency and quantity. One participant did not
report monthly frequency and another did not report quantity. Table 2 includes descriptive
statistics concerning reported drinking habits.
Table 2
Descriptive Statistics for Reported Drinking Behaviors
Measure
Mean
Std. Dev
Min
Past month drinking
6.39
7.84
0

Max
40

Past month amount

2.83

2.82

0

12

Alcohol Use

22..23

30.22

0

126

Electroencephalography (EEG).
EEG activity was recorded using 64 electrodes embedded in a stretch lycra cap, placed
according to the 10-20 system using known anatomical landmarks. Data was referenced to the
left earlobe with a ground electrode mounted between FPZ and FZ sites (Electro-Caps, Eaton,
OH). Electrode impedances were kept under 5,000 Ω for all sites and within 1,000 Ω for
homologous electrode pairs. Signals from the electrodes were amplified using a Neuroscan
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SynAmps RT amplifier unit (El Paso, TX), low-pass filtered at 100 Hz, high-pass filtered at 0.05
Hz, notch filtered at 60-Hz, and digitized at 2,000 Hz. Artifacts were removed from the data by
hand. A regression-based eye movement correction was used to remove blinks and visual
inspection of the data was performed to insure proper correction before the data were used for
analyses (Semlitsch et al. 1986).
Consistent with previous research, frontal asymmetry was measured using alpha band
power (Coan and Allen 2003; Harmon-Jones et al. 2010 for reviews) within the traditional alpha
broadband range of 8 -13 Hz using a fast Fourier transformation (Shackman, et al. 2010). Alpha
activity was averaged across the 9 seconds of picture presentation for each picture type. Power
spectra epochs 1.024s in duration were extracted through a Hamming window (50% of taper of
distal ends) and data were re-referenced using a common average reference. Asymmetry indexes
were created for frontal homologous sites (F3/F4, F5/F6; log right minus log left; Gable and
Harmon-Jones 2008). Because alpha power is inversely related to cortical activity higher index
scores indicate greater left than right hemispheric activity (Lindsley and Wicke 1974).
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3. RESULTS
Trait impulsivity, trait approach, and trait avoidance
Bivariate regression was used to determine if trait impulsivity, approach, or avoidance
would predict neural correlates of cue-elicited craving (i.e., greater left frontal cortical activity to
alcohol stimuli). Trait impulsivity predicted greater left frontal activation to alcohol pictures, ß =
.43, t(32) = 2.73, p = .01, but not to neutral pictures, ß = .19, t(32) = 1.08, p = .28. Trait
impulsivity explained a significant proportion of variance in asymmetric frontal activation to
alcohol stimuli, R2 = .19, F(1, 32) = 7.46, p = .01.
In order to investigate which facet of impulsivity is driving the relationship between trait
impulsivity and greater left frontal cortical activity to alcohol stimuli, bivariate regression was
used with each UPPS-P subscale. Lack of perseverance, sensation seeking, and positive urgency
each failed to significantly predict greater left frontal activity to alcohol stimuli (t’s < 1.8, p’s >
.05). However, both negative urgency ß = .39, t(32) = 2.39, p = .02, and lack of premeditation,
ß = .41, t(32) = 2.58, p = .02, were significant predictors of greater left frontal activation to
alcohol pictures. Lack of premeditation predicted a larger proportion of variance, R2 = .17, F(1,
32) = 6.65, p = .02, than did negative urgency, R2 = .15, F(1, 32) = 5.71, p = .02, although both
predicted a significant proportion of variance in asymmetric frontal activity to alcohol stimuli.
Table 3 reports all bivariate regression values.
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Table 3
Bivariate Regression Results
Personality Measure

Left Frontal Activity to
Left Frontal Activity to
Alcohol Pictures
Neutral Pictures
BAS
.11
.11
BAS Reward Responsiveness .13
-.02
BAS Drive
.24
.30
BAS Fun
-.05
-.01
BIS
.19
.10
UPPS-P
.43**
.19
Negative Urgency
.39*
.20
Positive Urgency
.18
.14
Lack of Premeditation
.41*
.24
Lack of Perseverance
.11
.07
Sensation Seeking
.30
.18
Notes. Beta values are reported in the table above; *p < .05, **p < .01

Trait approach motivation (BAS) did not predict greater left frontal activation to alcohol
stimuli, ß = .11, t(32) = 0.65, p = .52, or greater left frontal activation to neutral stimuli, ß = .11, t(32) = 0.65, p = .52. Similarly, all three BAS subscales failed to predict greater left frontal
activation to alcohol as well as neutral stimuli, ß’s < .24, t’s < 1.75, p’s > .05. Bivariate
regression analyses also revealed that trait behavioral avoidance (BIS) did not predict greater left
frontal activation to alcohol stimuli, ß = .19, t(32) = 1.10, p = .28, or greater left frontal
activation to neutral stimuli, ß = .10, t(32) = 0.58, p = .56.
These results suggest that trait impulsivity, not trait approach or trait avoidance, is
responsible for driving neural correlates of cue-elicited alcohol craving (i.e., greater left frontal
cortical activation in response to alcohol stimuli). Specifically, it appears that decreased
activation of the supervisory control system (increased trait impulsivity) is responsible for cueelicited alcohol craving.

14

Co-variation and interactions
Multiple regression was used to determine if trait impulsivity continued to be a
significant predictor of greater left frontal activation to alcohol pictures when neural responses to
neutral pictures were held constant. The regression model shows that when neural responses to
neutral pictures are controlled, trait impulsivity continues to be a significant predictor of greater
left frontal cortical activation, ß = .30, t(31) = 2.30, p = .01. Multiple regression was also used to
determine if controlling for drinking behaviors impacts the predictive power of trait impulsivity.
Trait impulsivity remained a significant predictor of greater left frontal cortical activation when
controlling for alcohol use, ß = .45, t(30) = 2.34, p = .03.
To further examine whether drinking behavior influences the relationship between
impulsivity and alcohol-cue craving, non-drinkers (individuals who reported no instances of
drinking in the past month, n = 12) were excluded from analyses. Trait impulsivity remained a
significant predictor of left frontal activation in response to alcohol cues when individuals who
reported not drinking in the past month were excluded from the analyses, ß = .46, t(22) = 2.44, p
= .02.
To examine whether approach and avoidance systems influenced the relationship
between impulsivity and alcohol-cue craving, we controlled for trait BAS and trait BIS. Trait
impulsivity remained a significant predictor of greater left frontal cortical activation when
controlling for trait approach, ß = .52, t(31) = 3.18, p = .01, as well as when trait avoidance was
included in the model, , ß = .44, t(30) = 2.46, p = .02. Multiple regression including both trait
approach and trait avoidance as predictors of greater left frontal activation produced a nonsignificant regression model, ß = .20, t(30) = 1.11, p = .45.
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A repeated measures ANOVA revealed a significant interaction between trait
impulsivity and greater left frontal activation as a function of picture type, F(1, 32) = 5.95, p =
.02; ηp2=0.16. Higher trait impulsivity scores predicted greater left frontal cortical activity to
alcohol pictures (r=0.44, p = 0.01), but not to neutral pictures (r=0.19, p = 0.29), see Figure 1.
These results suggest that trait impulsivity moderates the relationship between left frontal
cortical activity and picture type.
Fig. 1
Interaction between Trait Impulsivity and Greater Left Frontal Activation as a Function of
Picture Type

Left Frontal Activity

Alcohol Pictures
Neutral Pictures
0.3

0.3

0.2

0.2

0.1

0.1

0.0

0.0

-0.1
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-0.3
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1.8

2.0

2.2

2.4

2.6

2.8

3.0

3.2

3.4

3.6

-0.3
3.8

UPPS

Drinking behaviors and gender
Drinking behaviors did not relate to neural activity in response to either picture type.
Bivariate regression determined that alcohol use during the past month did not predict left frontal
asymmetry to alcohol pictures, ß = .05, t(31) = .28, p = .78. Additionally, bivariate regression
determined that alcohol consumption, during the past month did not predict left frontal
16

asymmetry to neutral pictures ß = .07, t(31) = .40, p = .69. Finally, the effect of gender was
investigated. According to t-tests conducted with the current sample, participant gender did not
influence neural activity elicited by alcohol pictures, t(28)= 1.36, p=0.18, or neutral pictures,
t(28)=0.97, p=0.34.
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4. DISCUSSION
The current study establishes a connection between reduced functioning of the
supervisory control system and cue-elicited alcohol cravings using neurophysiological measures
of frontal asymmetry. Results revealed that reduced functioning of the supervisory control
system predicted greater left-frontal activation towards alcohol cues. Increased trait impulsivity
remained a predictor of left-frontal activation towards alcohol cues when controlling for drinking
behaviors and neural activation to neutral pictures. Furthermore, results from the current study
show that impulsivity is a moderator of the relationship between asymmetrical activation and
picture type. Study results did not find a relationship between trait approach or trait avoidance
and the neurophysiological measures of cue-elicited alcohol craving. It appears that reduced
functioning of the supervisory control system moderates cue-elicited alcohol craving, but not the
approach or avoidance motivation systems.
Research on cue-elicited alcohol cravings has shown that the experience of craving is
predictive of alcohol consumption and predictive of relapse for recovering alcoholics (Flannery
et al. 2001). Understanding that the reduced functioning of the supervisory control system is a
mechanism behind cue-elicited alcohol craving can help identify those who may be at high risk
for consumption. The craving towards alcohol cues may be especially salient to those high in
trait impulsivity. Increasing control efficacy and reducing impulsive tendencies may be effective
in reducing cue-elicited alcohol cravings and the neural responses to alcohol cues.
Trait impulsivity predicts a variety of risky behaviors. Much of the previous research on
impulsivity and alcohol investigates how these risky behaviors are associated with this
relationship. For example, pathological gambling and risky sexual behaviors are shown to
18

accompany the relationship between increased trait impulsivity and alcohol use (Petry 2001;
Stuhldreher et al. 2007; Walker et al. 2012). Impulsive individuals are also more likely to over
consume alcohol (i.e., binge drink) resulting in negative health outcomes (Balodis et al. 2009).
State asymmetrical responses to alcohol cues may contribute to the promotion of other risky
behaviors associated with alcohol.
Inhibitory functions are responsible for regulating immediate affective responses to
stimuli and rely heavily on the executive function of the prefrontal cortex. Because affective
states are integrally involved with impulsivity (Cyders et al. 2007), it may be that impulsivitymoderated alcohol cue craving is related to an affective response to the alcohol related stimuli.
Past work has found that emotion-based craving is related to increased trait impulsivity (Joos et
al. 2013). In the absence of a functioning supervisory control system (increased impulsivity),
affective reactions may be strengthened, resulting in increased cravings. Impulsive individuals
may be less able to call upon executive control when confronted with desirable stimuli, leading
to increased cravings (Doran et al. 2007). Further research is needed to clarify how the
supervisory control system may be moderating frontal activation to alcohol cues
Previous research has identified a relationship between BAS and cue-elicited alcohol
craving (Cox 1988; Verheul et al. 1999), our results did not find a relationship between trait BAS
and frontal asymmetry in response to alcohol cues. Activity of the supervisory control system
and behavioral activation systems may influence different components of substance use. For
example, impulsivity relates to rash action without forethought, while BAS relates to a
purposeful reward-sensitive drive to obtain stimuli (Dawe and Loxton 2004). Substance use
likely engages both a purposeful goal-directed planning as well as rash action. However, cueevoked frontal activation appears to be driven more by rash spontaneous action.
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The current study identified negative urgency and lack of premeditation as specific
components driving the relationship between trait impulsivity and the neural correlates of cueelicited alcohol cravings. Some theorists have proposed that lack of premeditation taps the core
rash impulsivity trait observed in substance use studies (Gullo et al. 2014). Negative Urgency
also taps core impulsivity, but may also tap facets of neuroticism. Based on their meta-analysis
of studies examining the UPPSP subscales, Gullo and colleagues (2014) conclude that “only
(Lack of) Premeditation and Negative Urgency are consistently associated with substance use”
(Gullo et al. 2014 p.1550). Results of the current study support this conclusion.
The present study found a relationship between reduced functioning of the supervisory
control system and neurophysiological underpinnings of cue-elicited alcohol craving. The
relationship between impulsivity and frontal asymmetry remained when non-drinkers were
excluded from the analyses. The lack of a relationship between drinking and greater left frontal
activation in response to alcohol cues may have been the product of limitations concerning our
sample. The current sample was lacking in heavy drinkers and consisted mainly of underage
students who reported light drinking habits. Future research would benefit from recruiting
individuals who report heavy drinking habits and/or a history of alcohol dependence in order to
strengthen the clinical applications of these results. In addition, the study design may have
impacted this null effect, because participants reported recent drinking using two self-report
items concerning the frequency and amount of alcohol consumed over the past month. Perhaps
more detailed measures of alcohol use, such as the Timeline Followback measure, would be
more sensitive to the variance in assessing alcohol use (Robinson et al. 2014; Sobell, L. and
Sobell, M 1995).
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However, the link between impulsivity and left frontal activation may not be entirely
dependent on previous drinking experience. Alcohol use over the past month did not relate to left
frontal activation in response to alcohol pictures. The positive associations with alcohol such as
enhanced social status, enhanced social bonding, greater perceived attraction and sexual
encounters may influence the neural correlates of cue-elicited alcohol craving (Fromme et al.
1993; Kuntsche et al. 2005). Such associations could be learned through media exposure and
advertisements, which can occur independently of alcohol consumption. This would suggest that
for some individuals, no previous drinking experience is necessary to have an appetitive response
to alcohol cues.
In sum, reduced functioning of the supervisory control system appears to be responsible
for the neurophysiological responses underlying cue-elicited alcohol cravings. The neural
correlates of cue-elicited alcohol cravings are being driven by trait impulsivity. Trait impulsivity
moderates the relationship between frontal asymmetry and picture type. The purpose of the
supervisory control system is to regulate the impulses that are produced by the approach and
avoidance systems. Failure of the supervisory control system to inhibit these impulses allows for
the potential of maladaptive behaviors. The current research has shown that reduced functioning
of the supervisory control system is responsible for the neural correlates of cue-elicited alcohol
cravings. These results contribute to a growing body of literature that aims to identify the
neurophysiological correlates and markers of individual differences in personality systems
(Nusslock et al. 2012; Cyders et al. 2014; Gable et al., in press; Hicks et al. 2015).
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