Experimental and Clinical Psychopharmacology

2015, Vol. 23, No. 2, 122-129

© 2015 the Author(s)

1064-1297/15/$12.00  http://dx.doi.org/10.1037/pha0000011
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Oculomotor Disinhibition in Social Drinkers
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Our am in the present study was to investigate the psychological mechanisms that underlie the
disinhibiting effects of acohol cues in socia drinkers by contrasting motor and oculomotor inhibition
after exposure to alcohol-related, emotional, and neutral pictures. We conducted 2 studies in which social
drinkers completed modified stop-signal (laboratory) and antisaccade (online) tasks in which positive,
negative, acohol-related, and neutral pictures were embedded. We measured cue-specific disinhibition
in each task, and investigated whether sex and drinking status moderated the effects of pictures on
disinhibition. Across both studies, comparable increases in disinhibition were observed in response to
both alcohol and negatively valenced pictures, relative to both positive and neutral pictures. These
differences in disinhibition could not be explained by differences between picture sets in arousa or
valence ratings. There was no clear evidence of moderation by sex or drinking status. Secondary analyses
demonstrated that al cohol-specific disinhibition was not reliably associated with individual differencesin
alcohol consumption or craving. These results suggest that the disinhibiting properties of alcohol-related
cues cannot be attributed solely to their valence or arousing properties, and that alcohol cues may have
unique disinhibiting properties.
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Disinhibition, the inability to stop, change, or delay an inappro-
priate response, is a fundamental feature of both executive func-
tioning and impulsivity (Bickel, Jarmolowicz, Mueller, Gatch-
alian, & McClure, 2012). Disinhibition in motor and oculomotor
domains has been studied using the stop-signal and antisaccade
tasks, respectively, and poor performance on these tasks is asso-
ciated with drug and alcohol-use disorders (Smith, Mattick, Jama-
dar, & Iredale, 2014). Deficits in motor and oculomotor disinhi-
bition discriminate between alcoholics and healthy controls
(Goudriaan, Oosterlaan, De Beurs, & Van Den Brink, 2006; Noél
et a., 2013) and are predictive of drinking behavior in nondepen-
dent drinkers (Christiansen, Cole, Goudie, & Field, 2012; Roberts,
Miller, Weafer, & Fillmore, 2014). Findings from recent prospec-
tive studies suggest that the relationship between motor disinhibi-
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tion and alcohol use may be causal, because elevated disinhibition
precedes changes in drinking behavior. For example, relatively
slow or suboptimal development of motor inhibition increases the
likelihood of acohol involvement (Fernie et a., 2013), and prob-
lematic drinking (Nigg et al., 2006) in adolescents, and in adults
disinhibition predicts the severity of dependence at follow-up
(Rubio et a., 2008).

The (in)ability to effectively inhibit behavior is thought to
function as a state, that is immediately responsive to “abrupt
environmental, physiological, or emotional events’ (De Wit,
2009). In a recent review, we highlighted situations that increase
disinhibition and possibly lead to (re)uptake of substance use
(Jones, Christiansen, Nederkoorn, Houben, & Field, 2013), such as
the presence of drug-related cues. For example, when embedded
into response-inhibition tasks, alcohol-related cues increase disin-
hibition compared with neutral cues in nondependent drinkers
(Adams, Ataya, Attwood, & Munafo, 2013; Petit, Kornreich, Noél,
Verbanck, & Campanella, 2012; Weafer & Fillmore, 2012, 2014),
with alcohol-specific disinhibition distinguishing problem and
nonproblem drinkers on a go/no-go task (Kreusch, Vilenne, &
Quertemont, 2013). Furthermore, individual differences in the
inhibitory response to alcohol cues are associated with hazardous
drinking (Petit et a., 2012) and self-reported alcohol consumption
(Weafer & Fillmore, 2014). Studies have also explored the effects
of in vivo alcohol-cue exposure on disinhibition. Gauggel et al.
(2010) asked dependent patients to sniff alcoholic drinks before
completing a stop-signa task and found increases in stop-signal
reaction time (SSRT, indicative of increased disinhibition) com-
pared with sniffing water. Muraven and Shmueli (2006) obtained
similar results with social drinkers. However, there are also some
inconsistencies in the literature regarding the effects of alcohol
cues on disinhibition. Attempts to replicate effects obtained with
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thein vivo “drink-sniffing” paradigm (Muraven & Shmueli, 2006;
Gauggel et al., 2010) have failed in both dependent (Mainz et al.,
2012) and nondependent populations (Jones, Rose, Cole, & Field,
2013). In a study in which different cues were embedded in a
stop-signal task, Nederkoorn, Baltus, Guerrieri, and Wiers (2009)
reported no difference in disinhibition produced by alcohol-
related, soft-drink, mildly erotic, or neutral cues, athough they
reported an overall impairment in disinhibition in heavy-drinking
women.

The psychological mechanisms that underlie alcohol-cue-
induced disinhibition have yet to be fully investigated, but at least
three hypotheses have been identified. We have labeled these
hypotheses based on our interpretation of predictions made by
different theorists. According to the emotional congruency hypoth-
esis (Guitart-Masip, Duzel, Dolan, & Dayan, 2014; Harlé, Shenoy,
& Paulus, 2013; McLaren & Verbruggen, in press), negatively
valenced cues trigger behavioral avoidance and inhibitory pro-
cesses Whereas positively valenced cues trigger behavioral ap-
proach and the suppression of inhibitory processes. Given that
social drinkers perceive alcohol cues as positively valenced (Herr-
mann, Weijers, Wiesheck, Boning, Fallgatter, 2001), their valence
may account for their disinhibiting properties and there should be
a clear relationship between the valence of different cues and their
effects on disinhibition. A competing hypothesis (arousal compe-
tition hypothesis) suggests that arousing stimuli should lead to
increased disinhibition through competition for executive re-
sources. According to this account, the capture of attention by
arousing stimuli draws resources away from the preparation of the
inhibitory response (de Houwer & Tibboel, 2010; Pessoa, Pad-
mala, Kenzer, & Bauer, 2012). Given that social drinkers perceive
alcohol cues as arousing (Carter & Tiffany, 1999), arousal evoked
by the cues may account for their disinhibiting properties, and
there should be a clear relationship between the arousing proper-
ties of different cues and their effects on disinhibition. A fina
hypothesis suggests that substance-related cues have unique dis-
inhibiting properties because their presence depletes self-control
resources via suppression of temptations (unique disinhibition
hypothesis). According to this account, these effects cannot be
attributed to positive valence or arousing features of the cues,
(Muraven & Shmueli, 2006; Shmueli & Prochaska, 2009).

Experimental studies have provided little support for the emo-
tional congruency hypothesis. Both Verbruggen and de Houwer
(2007) and Rebetez, Rochat, Billieux, Gay, and Van der Linden
(2014) demonstrated increased disinhibition in response to positive
stimuli compared with neutral stimuli, however they also observed
increases in disinhibition in response to negative stimuli (see aso
Kalanthroff, Cohen, and Henik (2013)). In support of the arousal
competition hypothesis, a second study by Verbruggen and de
Houwer (2007) demonstrated that the disinhibiting effects of both
positively and negatively valenced cues could be attributed to the
subjective arousal ratings for those cues, rather than their valence
per se. This was further supported by de Houwer and Tibboel
(2010) who reported similar findings when using a go/no-go task
to measure disinhibition.

To our knowledge, no previous studies have investigated the
psychological mechanisms that underlie disinhibition evoked by
alcohol-related cues. To achieve thisaim, in the present studies we
compared the effects of alcohol-related and positive, negative and
neutral cues on motor and oculomotor disinhibition. In Experiment

1, we implemented a similar design to Nederkoorn et al. (2009) by
embedding images into the stop-signal task. In Experiment 2, we
applied the same image sets to an antisaccade task adapted from
Noél et al. (2013), because the effects of concurrent exposure to
alcohol cues areyet to be investigated in the domain of oculomotor
inhibitory control. We used four picture sets; positive, negative,
alcohol-related, and neutral, which were independently rated on
continua of valence and arousal. These picture ratings revealed that
negative cues were rated as most arousing, followed by positive,
alcohol, and neutral cues. Alcohol cues were also rated as rela-
tively neutral in terms of their valence.

We investigated three competing accounts of the effects of
alcohol cues on disinhibition. Based on ratings of valence and
arousal given to our pictures, the emotional congruency hypothesis
would predict disinhibition in response to positive pictures relative
to acohol-related and neutral pictures (which should not differ
from each other), but improved inhibitory control in response to
negative pictures. Competing predictions are made by the arousal
competition hypothesis: Disinhibition should be most pronounced
in response to negative pictures, followed by positive pictures,
alcohol pictures, and finaly neutral pictures. Finaly, the unique
disinhibition hypothesis posits that alcohol-related cues should
evoke the largest increases in disinhibition, even though they sit
intermediate to the other pictures in terms of arousal and valence
ratings. In accordance with previous research, we also examined
whether disinhibition was modulated by drinking status and sex
(Nederkoorn et a., 2009; Scaife & Duka, 2009). Finally, we
examined whether disinhibition in response to acohol cues would
be associated with individual differences in acohol use and
problem-drinking measures, as has been reported previously (Petit
et d., 2012).

Experiment 1

Method

Participants. Sixty-four social drinkers (32 male) were re-
cruited from the University of Liverpool and wider community
using advertisements on campus and via the Internet. To take part
in the study, participants had to self-report consuming alcohol on
at least one occasion per week. Exclusion criteria were self-
reported history of, or treatment for, alcohol dependence or atten-
tion deficit hyperactivity disorder (ADHD). We applied these
exclusion criteria because repeated presentation of acohol cuesto
participants with alcohol-use disorders would have been unethical,
and because ADHD is reliably associated with poor inhibitory
control (Groman, James, & Jentsch, 2009) and could therefore
have distorted our results. The study was approved by the Univer-
sity of Liverpool Research Ethics Committee, and all participants
provided informed consent before taking part.

Questionnaires. Participants provided basic demographic in-
formation before completing a short questionnaire battery. The
battery comprised the 2-week timeline follow-back (TLFB; Sobell
& Sobell, 1992); aretrospective diary of their alcohol use over the
previous fortnight (alcohol use calculated in UK units, 1 UK
unit = 8 g of alcohal); the Alcohol Use Disorders Identification
Test (AUDIT; Babor, Higgins-Biddle, Saunders, & Monteiro,
2001), which is a measure of hazardous drinking; the “right now”
version of the Approach and Avoidance of Alcohol Questionnaire
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(AAAQ; McEvoy, Stritzke, French, Lang, & Ketterman, 2004) as
ameasure of self-reported craving; and the Barratt Impulsiveness
Scale, Version 11 (BISv11; Patton, Stanford, & Barratt, 1995),
assessing trait impulsiveness.

Pictorial stimuli. Four sets of 10 images were used; positive,
negative, alcohol-related, and neutral. All images were 110 X 145
mm. Positive, negative and neutral images were taken from the
International Affective Picture System (IAPS, Lang, Bradley, &
Cuthbert, 1997) and initially chosen based on normative ratings of
pleasantness in the technical report. Pictures containing images of
food or drink were avoided (for detailed information, see Table 1).
Alcohol images were taken from our previous research (Jones et
al., 2012). To obtain valence and arousal ratings for the pictures,
we recruited a unique sample of 20 participants and asked them to
rate each of the images (see Table 2). Vaence and arousal ratings
were not obtained from the participants who completed the main
experiments because we were concerned that repeated exposure to
the images may have led to habituation of the response to them.

Stop-signal task. Motor inhibition was measured using a
modified stop-signal task (Logan, Schachar, & Tannock, 1997).
The standard task requires participants to rapidly categorise arbi-
trary stimuli using a button press, these are “go trias.” On a
minority of trias, this categorization response is interrupted by an
auditory stimulus (the “stop signal”) and participants are required
to inhibit their categorization response if they hear this signal. A
modified version of the task was used that required a response to
images. These images were rotated by 5 degrees clockwise or
counterclockwise and participants were required to distinguish the
rotation by pressing a designated key on the keyboard. We used a
fixed delay version of the task with stop-signal delays of 100, 200,
300, & 400 ms (Logan, Cowan, & Davis, 1984). Delays were
presented in random order and equally across each picture type.
Participants completed eight practice trials with feedback on their
responses before completing three test blocks of 128 trials. Each
test block consisted of 96 go trials (24 for each picture type) and
32 stop trials (eight for each picture type, two at each stop-signal
delay). The task was programmed using Inquisit 2.0 (Millisecond
Software, Seattle, WA) and presented using a standard |aptop.

SSRT was calculated using the integration method (V erbruggen
& Logan, 2009). This involves rank ordering reaction times (RTS)

Table 1
Details of Images Taken From the International Affective
Picture System (IAPS)

Positive Negative Neutral
IAPS IAPS IAPS
code Description code Description code  Description
1999  Mickey 1280 Rat 2880 Shadow
1603  Butterfly 1300  Pit bull 5535 Still life
1463  Kittens 6550  Attack 5900 Desert
5480  Fireworks 6570 Suicide 6150 Outlet
5626  Hangglider 2691 Riot 7025 Stool
8162 Hot air ballon 8231  Boxer 7140 Bus
8190  Skier 9040 Starving child 7150 Umbrella
8461  Happy teens 9921  Fire 7175 Lamp
1601  Giraffes 9594 Injection 7491 Building
2040 Baby 9410  Soldier 7545 Ocean

Note. Codes and descriptions taken from the |APS Technical Report.

on go trials. The nth RT is then selected based on the probability
of responding at a given stop-signal delay. The stop-signa delay
was subtracted from the nth RT and averaged over the delays for
each picture type.

Procedure. Participants attended the laboratory between mid-
day and 6 p.m. and provided informed consent before providing a
breath alcohol sample (all participants had a breath alcohol level of
0). They then completed the modified stop-signal task, which took
approximately 15 min. Following completion of the task, they
completed the demographic and alcohol questionnaires. Partici-
pants were then debriefed, thanked, and offered course credit or a
£5 shopping voucher as compensation for their time.

Results

Demographics. Mean age of the participants was 22.34
(*=3.51) years, they drank an average of 21.61 (*+ 14.84) units
of alcohol per week, and had AUDIT scores of 12.61 (+6.04).
Men drank significantly more than women: 25.96 + 17.32
compared with 17.25 = 10.54 units: t(62) = 2.43, p < .05.
Descriptive statistics for the BIS (Patton et al., 1995) and
AAAQ (McEvoy et al., 2004) are available on request. For
subsequent analyses, a median split on fortnightly alcohol con-
sumption, separately for men and women, was performed to
create a heavy versus light drinking group, as in Nederkoorn et
al. (2009).

Go reaction times. Outliers and extreme data were removed
using a trimming procedure similar to previous research (Verbrug-
gen & De Houwer, 2007): RTs faster than 200 ms, or more than
three standard deviations above the individual mean, were re-
moved prior to analysis. Go Reaction times were analyzed using a
mixed 4 (picture type: positive vs. negative vs. acohol vs. neu-
tral) X 2 (sex: male vs. female) X 2 (drinking status. heavy vs.
light) analysis of variance (ANOVA; see Figure 1). There was a
significant main effect of picture type on RTs, F(3, 180) = 15.70,
p < .01, ng = .207. RTs were slowest to negative cues, followed
by acohol cues, then positive, then neutral cues (ts > 2.31, ps <
.05). There were no significant interactions with sex or drinking
status (Fs < 1.25, ps > .10).

Inhibition errors. The mean inhibition error rate collapsed
across picture type was 27.16 (SD = 12.90), which means that
participants failed to inhibit on 26.07% of stop-signa trials, on
average. Inhibition errors were analyzed using a mixed 4 X (pic-
ture type: positive vs. negative vs. alcohol vs. neutral) 2 X (sex:
male vs. female) X 2 (drinking status: heavy vs. light) ANOVA.
There was no significant main effect of picture type, F(1, 189) =
1.31, p > .10, 3 = .021 and no significant interactions with sex
or drinking status, Fs< 0.90, ps > .10.

SSRT. SSRTs (see Figure 2) were analyzed using a mixed
4 X (picturetype: positive vs. negative vs. acohol vs. neutral) 2 X
(sex: male vs. female) X 2 (drinking status: heavy vs. light)
ANOVA. There was a significant main effect of picture type, F(1,
189) = 2.87, p < .05, mp = .046. Planned comparisons revealed
that SSRT was significantly longer for alcohol cues than for
neutral cues, t(63) = 2.24, p < .05, d = 0.28 and positive cues,
t(63) = 2.36, p < .05, d = 0.29. SSRT was aso significantly
longer for negative compared with neutral cues, t(63) = 1.71, p <
.05, d = 0.21. There was no difference between alcohol and
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Table 2
Mean Scores (=SDs) for Valence and Arousal for the Positive, Negative, Alcohol, and Neutral
Picture Sets

Variable Positive Negative Alcohol Neutral F value p
Valence 7.10 (0.79) 2.27(0.96) 5.08 (1.15) 477 (0.74) 85.09 <.001
Arousal 3.59 (1.49) 6.20 (1.67) 2.50 (1.50) 1.56 (0.45) 53.03 <.001

Note. Vaence was rated on a 1-9 scale with the following anchors: 1 = negative, 5 = neutral, 9 = positive).
Arousal was rated on a 1-9 scale with the following anchors; 1 = not at all, 9 = extremely. Arousal: all ratings
significantly different from others (ts > 2.85, ps < .05). Vaence: al ratings significantly different (ts > 6.52,
ps < .001) aside from no significant difference between alcohol and neutral picture sets, t(19) = 1.20, p > .10.
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negative cues, t(63) = 0.80, p > .10. There were no significant
interactions with sex or drinking status (Fs < 1.01, ps > .10).

Correlations. We examined whether individual differencesin
drinking variables: acohol consumption, AUDIT (Babor et a.,
2001) or AAAQ (McEvoy et al., 2004) subscales were associated
with (&) alcohol-specific disinhibition, which was calculated by
subtracting SSRT during neutral images from SSRT during alco-
hol images, or (b) overall disinhibition, which was computed asthe
mean SSRT across al picture types. There was a significant
positive correlation between AAAQ-obsessed and al cohol -specific
disinhibition, r = .27, p < .05 however this did not remain
significant after correcting for multiple comparisons. All other
correlations were not statistically significant (rs < —.20, ps >
.10).

Discussion

Both alcohol-related and negatively valenced pictures increased
motor disinhibition relative to neutral pictures. We aso observed
a small positive correlation between the disinhibiting effects of
alcohol cues and acohol craving. These findings suggest that the
disinhibiting properties of alcohol cues cannot simply be attributed
to their valence or arousing properties, and they are consistent with
the unique disinhibition rather than the emotional congruency or
arousal competition accounts.

660

640

620

—t—

—

600 -

—
—t

580

560

540

Mean Go Reaction Times (ms)

520

500 T T T T
Positive Negative Alcohol Neutral

Figurel. Mean Go Reaction Times scores (and standard errors) for each
picture set during the stop-signal task.

Experiment 2

Method

Participants. Participants (N = 117; 45 male) were recruited
viathe Internet to this web-based study, as well as through adver-
tisements on the university intranet, socia media, and a crowd-
sourcing website (Crowd Flower). Inclusion and exclusion criteria
were the same as the first experiment, however, participants also
had to have access to the Internet using a Windows operating
system and a keyboard. The study was approved by the University
of Liverpool Research Ethics Committee. Participants took part for
course credit, the chance to enter a prize draw, or asmall financial
reward on the crowd-source website.

Questionnaires.  Participants completed the AUDIT (Babor et
al., 2001) and a 1-week TLFB. They aso completed a simplified
measure of alcohol craving “Please rate your craving for acohol
on a scale of 0 (no craving) to 100 (extreme craving)”. Finally,
participants were asked to state when they had last consumed an
alcoholic drink from five possible options: less than 2 hr ago
(0.85%), earlier today (2.56%), yesterday (24.78%), a few days
ago (47.86%), or last week (23.93%). We excluded participants
from subsequent analyses if they self-reported consuming alcohol
on the day of the test (n = 4) to ensure that inhibitory control was
not influenced by acute alcohol effects (Rose & Grunsell, 2008).
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Figure2. Mean Stop Signal Reaction Time (SSRT) scores (and standard
errors) for each picture set during the stop-signal task.
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Antisaccadetask. Oculomotor inhibition was measured using
a modified antisaccade task based on one reported by Noél et al.
(2013). The same picture sets from Experiment 1 were used. On
each trial of the task, participants were presented with a fixation
cross for 500 ms before a picture (positive, negative, neutral, or
alcohol-related) appeared on either the left or right side of the
screen for 225 ms. This image then disappeared and on the
opposite side of the screen a small target stimulus, a white arrow
pointing up, down or left was presented for 150 ms before being
masked by a gray square. Participants were told to indicate the
direction in which the arrow was pointing with a key press re-
sponse. The short presentation time of the target stimulus requires
participants to inhibit looking at the initial picture presentation to
increase their chances of a correct response.

There was a practice block of 12 trials before five blocks of 24
trials. Picture types were counterbalanced across presentation (left,
right) and presented in a random order on each block. Target
stimulus orientation (up, down, left) was also presented randomly,
but with equal probability. The outcome measure was the propor-
tion of correct responses across picture type. The task was pro-
grammed in Inquisit 3.0 and hosted via Inquisit Web (Millisecond
Software, Seattle, WA).

Procedure. Participants clicked a link that sent them to the
secure site hosting the experiment. They were shown an informa-
tion screen before being asked to provide informed consent. Par-
ticipants were then given instructions for the antisaccade task
before they completed it, which took approximately 6 min. Upon
completion of the task participants were given the AUDIT (Babor
et a., 2001), one week TLFB, and questions about craving and
recent alcohol consumption before receiving an online debriefing.

Results

Mean age of the participants was 24.78 (+£7.72) years, they
drank on average of 20.06 (*18.00) units per week and had
AUDIT scores of 10.63 (+6.34). There were no significant sex
differences in units consumed (men = 21.94 +16.55, women =
18.99 + 18.80; t,,, = 0.84, p > .10), AUDIT scores (men = 9.51
+ 5.22, women = 11.26 * 6.85; t;,, = 1.42, p > .10), or craving
(men = 26.49 + 25.91, women = 18.39 = 24.27; t,,, = 1.66, p >
.05).

Inhibition errors. Proportion of correct responses to the tar-
get stimuli were analyzed using a mixed 4 (picture type: positive
vs. negative vs. acohol vs. neutral) X 2 (sex: male vs. femae) X
2 (drinking status: heavy vs. light) ANOVA (see Figure 3). There
was asignificant main effect of picturetype, F(3,327) = 3.64,p <
.05, 13 = .032. Planned comparisons demonstrated that alcohol
cues led to more errors than both positive, t(112) = 2.30, p < .05,
d = 0.21, and neutral, t(112) = 2.24, p < .05, d = 0.21 cues.
Negative cues also led to more errors than positive, t(112) = 2.94,
p < .01, d = 0.28 and neutral cues, t(112) = 2.70, p < .01,d =
0.26. There was no significant difference between negative and
alcohol cues, t(112) = 0.47, p > .10. There was also a significant
Picture Type X Drinking Status interaction, F(3, 327) = 2.99, p <
.05, 2 = .027. Running the repeated-measures ANOVA sepa-
rately demonstrated a significant effect of picture type in light
drinkers, F(3, 168) = 5.99, p < .01, n = .097, with no significant
effect of picturetypein heavy drinkers, F(3, 165) = 2.26, p = .08,
M3 = .039. Paired-samples t tests demonstrated that light drinkers
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Figure 3. Mean proportion of correct responses (and standard errors) for
each picture set during the anti-saccade task.

had more errors following negative, t(56) = 3.94, p < .001,
alcohol, t(56) = 4.23, p < .001, and neutral cues, t(112) = 2.13,
p < .05 than with positive cues. There were no between-groups
differences between heavy and light drinkers in proportion of
errors on any picture type (ts < 1.00, ps >.10). There were no
significant interactions involving sex, Picture Type X Sex Inter-
action, F(3, 327) = 1.32, p > .10; Picture Type X Drinking
Status X Sex Interaction, F(3, 327) = 0.52, p > .10.

Corrélations. In line with Experiment 1, we examined
whether individual differences in drinking variables (i.e., weekly
alcohol consumption, AUDIT, or craving) were associated with
alcohol-specific inhibition (i.e., proportion of errors on acohol
trials minus proportion of errors on neutral trials) or overal inhi-
bition. However, there were no significant correlations (rs < .01,
ps > .10).

Discussion

The results from these two studies have demonstrated that
alcohol-related and negatively valenced, highly arousing cues pro-
duce comparable increases in motor and oculomotor disinhibition
in social drinkers. Although our results were consistent across two
studies, they did not clearly support either the emotional congru-
ency or the arousal competition hypotheses. The emotional con-
gruency hypothesis predicts increased disinhibition in response to
positively valenced cues but improved inhibition in response to
negatively valenced cues: our studies actually demonstrated com-
parable increases in disinhibition in response to both negative and
alcohol-related pictures, relative to both positive and neutral pic-
tures (that did not differ from each other). The arousal competition
hypothesis predicts increased disinhibition in response to the most
arousing pictures. Although the elevated disinhibition in response
to negative cues was consistent with this account, the similar
increase in disinhibition in response to alcohol pictures, despite
those pictures being rated as less arousing than both positive and
negative pictures,was clearly inconsistent with this hypothesis.

Tointerpret the disinhibition findings, it isimportant to consider
the effect of the different pictures on RTson go trials. The pictures
that evoked the largest increase in disinhibition (based on SSRT;
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Figure 2) also led to the slowing of RTson go trials (see Figure 2),
although the correspondence between these two measures was not
perfect (RTswere slower to negative than alcohol-related cues, but
these cues did not differ in SSRT). Negative stimuli led to a
general “freezing” of motor activity, which led to aslowing of RT
(de Houwer & Tibboel, 2010; Estes & Verges, 2008). This is
generally supported by similar findings reported by Verbruggen
and de Houwer (2007) and also Sagaspe et a. (2011), who dem-
onstrated slowing of RTs to negative cues. However, previous
studies that implemented the stop-signal task did not report RT
data. To fully understand motivational modulation of inhibitory
control, it isimportant to report RTs alongside measures of inhib-
itory control (Herrera, Speranza, Hampshire, & Bekinschtein,
2014).

The slowing of RTs cannot fully explain alcohol-specific disin-
hibition because negative cues led to greater slowing than alcohol
cues. Overall, our findings suggest that alcohol cues have unique
disinhibiting properties that cannot be attributed to their valence or
arousing properties. Based on previous research, we speculate that
suppression of momentary craving evoked by alcohol-related cues
may have prompted a transient spike in disinhibition (Jones, Rose,
et a., 2013; Muraven & Shmueli, 2006). In support of this, we
found a weak positive correlation between alcohol-specific disin-
hibition and craving in Experiment 1, which supported findings
from our previous research (Jones, Rose, et al., 2013); however,
we did not replicate this finding in Experiment 2. Future research
should focus on elucidating the exact mechanisms that underlie
drug-specific inhibition. For example, an “attentional bias’ toward
alcohol-related cues (Field & Cox, 2008; Field, Mogg, Zetteler, &
Bradley, 2004) might create competition for executive resources,
and therefore indirectly contribute to their disinhibiting properties
(Weafer & Fillmore, 2012).

In both studies, we found no significant relationships between
individual differences in acohol consumption or hazardous drink-
ing and the effects of acohol cues on disinhibition. Our findings
contrast with those from other studies, which did demonstrate such
associations (Kreusch et al., 2013; Petit et al., 2012). It appears that
the disinhibiting properties of alcohol-related cues are not robustly
associated with alcohol consumption or problem drinking (see also
Adams et al., 2013). The inconsistency in the literature might be
partly attributable to the wide variation in methods used (Smith,
Mattick, Jamadar, Iredale, 2014; Stevens et al., 2014). Nonethe-
less, this inconsistency is problematic for theoretical models that
posit that the disinhibiting effects of alcohol cues might contribute
to excessive alcohol consumption and the development of alcohol-
use disorders (Goldstein & Volkow, 2002; Jones, Christiansen, et
al., 2013; Wiers et al., 2007).

There are a few limitations to these studies. Our picture sets
were not balanced in terms of ratings of arousal and valence,
however, this allowed for the opportunity to disentangle the two.
The difficulty in matching picture sets on both valence and arousal
has been highlighted previously (de Houwer & Tibboel, 2010;
Verbruggen & De Houwer, 2007). Our ratings were also taken
from different participants than those who completed the main
studies, which means that we are unable to correlate individua
differences in picture ratings with the effects of those pictures on
inhibitory control. Our decision to record picture ratings in a
different sample from the participants who completed the inhibi-
tory control tasks was motivated by concerns that participants

emotional response to the pictures might have habituated as a
consequence of repeated exposure. Furthermore, other studies
have demonstrated that if participants make inhibitory responsesto
positive and appetitive stimuli, these stimuli become devalued
(Veling, Holland, & van Knippenberg, 2008). Therefore, picture
ratings would be difficult to interpret even if administered after the
inhibitory control task. Nevertheless, future researchers should
attempt to collect picture ratings from the same individuals who
completed inhibitory control tasks TO improve our understanding
of underlying processes. Second, data collection via the Internet
can lack experimental control; therefore we should be cautious
until the results from the second study are replicated in laboratory
settings. However, our error rates were similar to those reported in
an earlier study that administered the same task in a laboratory
(Noél et al., 2013), and other cognitive tasks tend to yield com-
parable performance indices, whether administered online or in the
laboratory (Crump, McDonnell, & Gureckis, 2013; Houben &
Wiers, 2008).

To conclude, we presented two studies demonstrating that both
motor and oculomotor disinhibition can be temporarily increased
by alcohol-related and negatively valenced images. These findings
suggest that alcohol-related cues have unique disinhibiting prop-
erties which cannot be explained as a result of the valence or
arousal attributed to these cues.
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