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According to dual-process models, excessive alcohol use emerges when response inhibition ability is
insufficient to inhibit automatic impulses to drink alcohol. This study examined whether strengthening
response inhibition for alcohol-related cues decreases alcohol intake. Fifty-two heavy drinking students
were randomly assigned to one of two conditions: In the beer/no-go condition, participants performed
a go/no-go task that consistently paired alcohol-related stimuli with a stopping response, to increase
response inhibition for alcohol-related stimuli. In the beer/go condition, in contrast, participants were
always required to respond to alcohol-related stimuli during the go/no-go task. Before and after the
go/no-go manipulation, we measured weekly alcohol intake and implicit attitudes toward alcohol. In
addition, we measured alcohol consumption during a taste test immediately after the go/no-go manipu-
lation. Following the manipulation, participants in the beer/no-go condition demonstrated significantly
increased negative implicit attitudes toward alcohol, and a significant reduction in weekly alcohol intake,
while participants in the beer/go condition showed a non-significant increase in implicit positive atti-
tudes toward alcohol and a significant increase in weekly alcohol intake. This study demonstrates that
repeatedly stopping prepotent responses toward alcohol-related stimuli can be an effective strategy to
reduce excessive alcohol use.
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1. Introduction

Contemporary dual-process theories propose that drinking
behavior is guided by two distinct cognitive systems: One system
is associative and operates through fast automatic processes, while
the other system is propositional and operates through slower con-
trolled processes (Bechara et al., 2006; Deutsch and Strack, 2006;
Wiers et al., 2007). According to these theories, drinking behavior
is instigated by automatic processes, which generate an automatic
impulse to drink alcohol, unless one is able to engage in effortful
controlled processing to regulate automatic impulses. In line with
these models, stronger automatic associations between alcohol
and positive affect predict increased levels of alcohol consump-
tion (Houben and Wiers, 2007a,b; Houben and Wiers, 2008; Jajodia
and Earleywine, 2003; McCarthy and Thompsen, 2006), especially
when cognitive control abilities, such as response inhibition and
working memory, are low (Houben and Wiers, 2009; Thush et al.,
2008).
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The clinical implication of these insights is that interventions
might benefit from procedures that decrease automatic processes
which lead to excessive alcohol use. Recent research indeed
suggests that automatic alcohol-related affective processes are
amenable to change and that decreasing these automatic impulses
reduces alcohol intake (Houben et al., 2010). Alternatively, inter-
ventions might also aim to strengthen cognitive control abilities
such as response inhibition and working memory, which are
important moderators of the predictive relationship between auto-
matic impulses and drinking behavior. If cognitive control can
be enhanced, automatic impulses could be regulated more easily
and control over drinking behavior could be increased. Consistent
with this perspective, Jones et al. (2011) demonstrated decreased
alcohol intake following a manipulation that primed inhibitory
control compared to a manipulation that primed impulsive behav-
ior. Hence, these findings indicate that increasing inhibitory control
may indeed be a valuable technique to decrease alcohol use. How-
ever, Jones et al. (2011) did not include a control condition or
pretest measures in their study, which makes it impossible to deter-
mine whether both the impulsivity and the inhibition manipulation
effectively influenced alcohol consumption relative to baseline.
Moreover, Jones et al. (2011) merely induced a temporary state
of impulsivity or inhibition. While priming such a mental state is
interesting to show causality, it is highly unlikely that temporar-
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ily priming an inhibitory mental state induces long-term effects on
both inhibitory control and drinking behavior.

The current study further explores this issue by examining
whether increasing or decreasing inhibitory control respectively
decreases or increases alcohol consumption relative to baseline.
Moreover, the present study tested a behavioral training of inhi-
bition that consistently paired certain stimuli with a stopping
response in an adapted version of a go/no-go task. Recent research
confirms that response inhibition can be trained by consistently
mapping stimuli onto a stopping response (no-go) as this effec-
tively strengthens the ability to inhibit responses to those stimuli
(Verbruggen and Logan, 2008). Moreover, the effect of such abehav-
ioral training should be even more potent when rewarding stimuli,
such as alcohol cues, are mapped onto a stopping response. Because
positive stimuli automatically elicit approach tendencies due to
their reward value, pairing such stimuli with situational cues sig-
naling that approach is unwanted (no-go signal) should result in
response conflict (Veling and Aarts, in press; Veling et al., 2008). As
a result, pairing such rewarding stimuli with stopping responses
causes a devaluation of those stimuli (Veling et al., 2008) and
increases motor inhibition for those stimuli (Veling and Aarts, in
press) in an effort to resolve the response conflict. Importantly, the
consistent mapping of stimuli onto stopping is not limited to short-
term effects on behavior and may even cause automatic inhibition
to develop (Verbruggen and Logan, 2008).

Hence, recent research shows that training response inhibi-
tion changes both evaluations of stimuli that were associated with
a stopping response, and increases inhibitory control over these
stimuli. In this study, we used a similar go/no-go task that con-
sistently paired alcohol-related cues with a stopping response to
strengthen the ability to inhibit responses to alcohol-related stim-
uli in heavy drinking college students. Especially for heavy drinkers,
alcohol-related stimuli automatically elicit positive affect (Houben
and Wiers, 2007a,b, 2008; Jajodia and Earleywine, 2003; McCarthy
and Thompsen, 2006), and approach tendencies (Field et al., 2008;
Palfai and Ostafin, 2003; Wiers et al., 2009). Therefore, it was
expected that repeatedly pairing alcohol-related stimuli with a
stopping response would decrease automatic affect that is elicited
by alcohol-related stimuli as well as decrease alcohol intake.

2. Methods
2.1. Participants

Participants were 52 heavy drinking students of Maastricht University (33
female students; mean age = 22.37, SD =4.92), who regularly consumed beer. Partic-
ipants were recruited via advertisements and flyers. The advertisements stated that
participants were needed for research on attitudes and preferences for beer. Partic-
ipants were screened for alcohol use and were only included if they consumed an
average of 12 (males) or 10 (females) alcoholic consumptions or more per week and
if beer was their preferred alcoholic beverage. On average, participants consumed
18.77 (SD=8.30; range 12-44) Dutch standard drinking units of 10 g of alcohol per
week over an average of 4.35 (SD=1.57) drinking occasions, as measured with the
timeline follow-back questionnaire (TLFB; Sobell and Sobell, 1990). On the alco-
hol use disorder identification test (AUDIT; Saunders et al., 1993), participants had
an average score of 11.77 (SD =3.46) with 90% of the participants scoring above 8,
indicating hazardous drinking (Saunders et al., 1993).

2.2. Materials and measures

2.2.1. Go/no-go task. During the go/no-go task, four pictures of glasses of beer and
four pictures of glasses of water were presented. Participants were instructed to
press the space bar when a go cue was displayed on these pictures, and to refrain
from responding when a no-go cue was shown. The go/no-go cues were the letters
‘p’ and ‘f’ (with counterbalanced instructions), displayed randomly in one of four
corners of the pictures. In the beer/no-go condition, beer-related pictures were con-
sistently paired with the no-go cue, while water pictures were consistently paired
with the go cue. In the beer/go condition, beer-related pictures were always paired
with the go cue, and water-related pictures were always paired with the no-go
cue. The go/no-go task consisted of 80 trials, which were presented randomly but
go or no-go trials were never presented more than four consecutive times, and
each picture was presented once every eight trials. During each trial, picture and

cue were presented together (1500 ms), followed by a question mark (1000 ms) at
which time participants were allowed to respond. A green circle was displayed after
a correct (non)response (500 ms), and a red cross an after incorrect (non)response
(500 ms).

2.2.2. Implicit association test. Automatic affective associations with beer were
measured with the implicit association test (IAT; Greenwald et al., 1998). The IAT is
a computerized classification task during which participants have to classify stimuli
into two target categories (e.g., alcohol and soft drinks) and two affective attribute
categories (e.g., positive and negative), using a left and a right response key. The
target and attribute categories are assigned to the response keys in two different
combinations. The difference in reaction time between these two combination tasks
reflects the association strength between the target categories and the attribute
categories since it should be easier to combine associated concepts than to com-
bine concepts that are not associated (Greenwald et al., 1998). In this study, the
target categories were ‘beer’ (eight beer-related pictures) and ‘water’ (eight water-
related pictures). The attribute categories were ‘pleasant’ (happy, jolly, energetic,
funny, sociable, attractive, cheerful, smart) and ‘unpleasant’ (dull, miserable, sick,
depressed, unhappy, disgusting, angry, foolish).

The IAT consisted of seven blocks. In the first and second block, participants
respectively practiced classifying target stimuli as ‘beer’ or ‘water’ and attribute
stimuli into the categories ‘pleasant’ and ‘unpleasant’ using a left and aright response
key. In each block all stimuli of the respective categories were presented twice
so that both blocks consisted of 32 trials. In the third (practice) and fourth block
(test), participants had to classify stimuli belonging to one target category and
one attribute category (e.g., beer and pleasant) with one response key and stim-
uli belonging to the other target category or the other attribute category (e.g., water
and unpleasant) with the other response key. In the third block all stimuli were
presented once for a total of 32 trials, while the fourth block consisted of 64 trials
during which all stimuli were presented twice. During the fifth block, participants
practiced the reversed response assignment of the target categories (i.e., if beer
was previously sorted using the left response key, it now had to be sorted using
the right response key). All target stimuli were presented four times for a total of
64 trials. In the sixth (practice) and seventh block (test), participants performed
the reversed combination of targets and attributes (e.g., beer and unpleasant vs.
water and pleasant). The sixth block presented all stimuli once for a total of 32
trials whereas the seventh block presented all stimuli two times and consisted of
64 trials.

The assignment of the attribute categories to the left and right response keys
was counterbalanced across participants. Furthermore, the order of the combined
sorting conditions (blocks 3, 4 and blocks 6, 7) was also counterbalanced across par-
ticipants so that half of the participants categorized beer with pleasant first and the
other half categorized beer with unpleasant first. Stimuli appeared in the middle of
the computer screen and the labels of the categories were presented in the upper
corners of the computer screen consistent with the response assignment of the cate-
gories. Stimuli remained on screen until a correct response was given. The intertrial
interval was 250 ms. Categorization errors were signaled with a red ‘X” beneath the
stimulus item.

2.2.3. Alcohol use. Alcohol use was measured with a modified version (Wiers et al.,
1997) of the TLFB questionnaire (Sobell and Sobell, 1990). Participants were asked
to indicate how many alcoholic beverages they consumed during each day of the
past week. In addition, participants were also asked to report how many alcoholic
beverages they normally drink on each day of a typical week to estimate average
weekly alcohol use.

2.2.4. Taste test. Participants rated their thirst on a 100 mm visual analogue scale
(VAS), and then they were presented one glass filled with 330 ml of chilled beer.
Participants were instructed to consume as much or as little as they wished in order
to judge the beer on different aspects on four 100 mm VAS (unpleasant-pleasant;
tasteless—strong tasting; bitter-sweet; flat-gassy). The experimenter left the test
room during the taste test and returned after 10 min. The experimenter then
removed the glass of beer and the amount of beer consumed was measured outside
the test room.

2.2.5. Demand. We probed participants for awareness of the purpose of the critical
go/no-go manipulation with open questions asking participants to report what they
thought was the goal of the study and what they considered to be the goal of the
go/no-go task.

2.3. Procedure

After giving consent, participants first filled out the AUDIT. Next, participants
performed the IAT and filled out the TLFB for the week prior to the study. Partici-
pants were then randomly divided into the beer/no-go condition (n=25; 8 males)
and the beer/go condition (n=27; 11 males) and performed the go/no-go task (ran-
domization was achieved by a tossing a coin, allocating participants randomly with
equal probability to the two conditions). Afterwards, participants performed the IAT
again (the same version as performed at pretest), participated in the taste test, and
took home a shortened version (i.e., not including average use for each day) of the
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Table 1

Means and standard deviations for the dependent measures at pretest and at posttest, separately for men and women, and separately for the beer/no-go condition and the

beer/go condition.

Time IAT Weekly alcohol use Taste test
M SD M SD M SD
Pretest Men .10 A7 24.95 14.26
Women -.24 .30 18.27 9.34
Beer/go condition -.12 45 18.70 10.06
Beer/no-go condition -.12 .36 22.88 13.13
Posttest Men .06 .44 27.47 18.41 264.67 81.07
Women =21 33 18.33 10.89 152.23 75.56
Beer/go condition —-.01 .45 24.15 17.12 217.05 101.48
Beer/no-go condition -.21 .30 19.22 11.44 167.75 103.43

Note. IAT effects were calculated with the D600 scoring algorithm so that higher scores indicate stronger positive automatic associations with beer. Weekly alcohol use
reflects the number of alcoholic drinks consumed during the past week as estimated with the TLFB. Consumption during the taste test reflects the amount of beer (ml)

consumed during the taste test.

TLFB, which they had to fill in on a daily basis during the following week. One week
later, participants returned this TLFB, were probed for awareness, and received 12.5
euro or 1.5 course credits as remuneration.

3. Results

None of the participants guessed the goal of the study or the
purpose of the go/no-go manipulation. At baseline, there was no
significant difference between conditions in age (F=2.80) or AUDIT
scores (F<1). With respect to the go/no-go manipulation, results
showed relatively low error percentages on both beer and water tri-
als, in the beer/go condition (M=.07, SD=.19, and M=.01,SD=.02,
respectively) and in the beer/no-go condition (M =.01,SD=.02, and
M=.03, SD=.03, respectively).

3.1. Implicit associations

Mean IAT effects were calculated with the D600 algorithm
(Greenwald et al., 2003), so that higher scores indicate stronger
positive automatic associations with beer. At pretest, there was no
difference between the two conditions on IAT scores (F<1). There
was, however, a significant effect of gender, F(1,50)=9.78, p=.003,
n%, = .16, indicating stronger positive associations with beer in men
compared to women. The effect of the go/no-go manipulation on
automatic associations was examined using a 2 (time: pretest or
posttest) by 2 (condition: beer/no-go or beer/go) mixed Analysis
of Covariance (ANCOVA) on IAT effects with repeated measures
on the first factor. Since there was a significant difference in IAT
scores between men and women at pretest, gender was added as a
covariate to the model.

Results showed a significant effect of gender, F(1,49)=9.53,
p=.003, nf, = .16, demonstrating stronger positive associations
with beer in men compared to women (see Table 1). The effects
of condition and time did not reach significance (F<1). Impor-
tantly, the expected time by condition interaction was significant,
F(1,49)=4.91, p=.03, nf, = .09, while the interaction of time and
gender was not significant (F<1). Follow-up analyses demon-
strated a significant effect of both gender, F(1,23)=6.08, p=.02,
3 = .21,and time, F(1,23)=4.23,p=.05, 3 = .16, in the beer/no-go
condition, in the absence of a significant time by gender interac-
tion (F<2). Hence, repeatedly pairing beer-related pictures with a
no-go cue significantly decreased positive associations with beer
(see Fig. 1). In the beer/go condition, results showed only an effect
of gender, F(1,25)=4.07, p=.05, n} = .14, while none of the other
effects reached significance (F<1). Thus, although the beer/go con-
dition showed an increase in positive associations with beer (see
Fig. 1), this trend was not significant.

3.2. Taste test

Differences between the two conditions in actual alcohol con-
sumption during the taste test were analyzed using ANCOVA

0,1 7 ---e-- beer/no-go

0,05 | —0O— beer/go

IAT effect (D600)

pretest posttest

29

27 7

21 1

Weekly Alcohol Use

pretest posttest

Fig. 1. Estimated marginal means for the D600 IAT score and for weekly alcohol
use at pretest and posttest, separately for the beer/no-go condition and the beer/go
condition.
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with condition as between-subjects factor, and both gender and
thirst as covariates. The effect of condition was not significant,
F(1,48)=3.09,p=.09, 77123 = .06, but showed a statistical trend in the
expected direction with lower beer consumption in the beer/no-
go condition (EMM =214.56, SE=17.22) compared to the beer/go
condition (EMM =170.44, SE=17.91). Further, while the effect of
thirst was not significant (F < 1), the effect of gender was significant,
F(1,48)=18.18,p<.001, n% = .28, showing that men consumed sig-
nificantly more beer compared to women (see Table 1).

3.3. Weekly alcohol use

For weekly alcohol use, there was an effect of gender at pretest,
F(1,50)=4.16,p=.05, n% = .08, indicating that men consumed more
alcohol during the week before the study than women. There was
no significant difference between conditions in weekly alcohol use
at pretest (F<2). To test the effect of the go/no-go manipulation,
we analyzed differences in weekly alcohol intake using a 2 (time:
pretest or posttest) by 2 (condition: beer/no-go or beer/go) mixed
ANCOVA with repeated measures on the first factor. To control for
gender differences in alcohol consumption at pretest, gender was
added as a covariate to the model. One participant in the beer/go
condition failed to return the second TLFB. Therefore, these analyses
were performed with 51 participants.

Results demonstrated a significant effect of gender,
F(1,48)=6.98, p=.01, 77123 =.13, showing that men consumed
significantly more alcohol than women (see Table 1). While
neither the main effects of time and condition, nor the interaction
of time and gender were significant (F<1), the expected interac-
tion between time and condition was significant, F(1,48)=7.20,
p=.01, 7712) = .13. Follow-up analyses showed a significant effect of
time in the beer/no-go condition, F(1,23)=5.05, p=.04, n?, =.18,
indicating a significant decrease in alcohol intake following the
manipulation compared to alcohol intake at pretest (see Fig. 1).
None of the effects involving gender reached significance (F<2.5).
In the beer/go condition, in addition to the significant effect of
gender, F(1,24)=9.74, p=.01, n% =.29, the effect of time was
also significant, F(1,24)=5.93, p=.02, ng = .20, demonstrating a
significant increase in alcohol intake during the week following
the manipulation relative to pretest alcohol intake (see Fig. 1). The
interaction of gender and time was not significant (F<2).

4. Discussion

In this study, we examined whether training response inhibi-
tion by consistently pairing alcohol-related stimuli with a stopping
response would decrease alcohol intake. Further, it was tested
whether this pairing of alcohol with a stopping response would
decrease the positive affect that is automatically associated with
alcohol-related stimuli. As expected, participants who repeat-
edly inhibited responding to alcohol cues showed both increased
negative automatic associations with alcohol-related stimuli and
reduced alcohol intake following the manipulation. In contrast, the
consistent pairing of alcohol-related stimuli with a go response
did not significantly change automatic associations with alcohol-
related stimuli, but did resultin an increase in alcohol consumption.

These findings are in line with the results by Veling et al. (2008)
who demonstrated that the repeated pairing of no-go cues with
positive stimuli leads to a devaluation of these stimuli. Moreover,
whereas Veling et al. (2008) demonstrated that their manipula-
tion decreased self-reported ratings of individual stimuli that were
paired with a stopping response, we were able to demonstrate a
devaluation of the category beer on an automatic level. Impor-
tantly, these findings show that positive affect that is automatically
assigned to alcohol-related stimuli can effectively be decreased

by consistently stopping a response to alcohol-related cues. One
explanation for this finding is that stopping responses to stimuli
that elicit approach tendencies creates a response conflict that is
resolved by devaluating the stimuli (cf. Veling et al., 2008). Alterna-
tively, it is also possible that stopping a response to stimuli directly
leads to decreased affective associations of those stimuli, regard-
less of whether this creates a response conflict and future research
will need to examine this issue further.

Importantly, for the first time, we demonstrated an effect of
the go/no-go manipulation on actual behavior. Specifically, partici-
pants who consistently had to stop a response to alcohol-related
stimuli consumed significantly less alcohol in the week follow-
ing the manipulation compared to their weekly alcohol intake
before the manipulation. The repeated pairing of alcohol-related
stimuli with a go response, however, led to a significant increase
in weekly alcohol consumption. There was also a non-significant
trend for consumption during the taste test, with participants in
first condition drinking somewhat less beer compared to partici-
pants in the latter condition. Hence, the present findings suggest
that pairing alcohol cues with a go response increased impul-
sivity and thereby increased drinking, while pairing alcohol cues
with a no-go response increased inhibitory control over alcohol-
related responses and drinking behavior. However, it should be
noted that we only found a significant effect of the manipulation
on self-reported drinking and a non-significant trend on actual con-
sumption during a taste test. Therefore, these findings need to be
replicated in future studies using different outcome measures of
drinking behavior to further examine the value of this manipulation
for reducing alcohol use.

Further, the present study did not include a dependent measure
of response inhibition, and therefore the present findings cannot
inform us whether the go/no-go manipulation indeed strength-
ened response inhibition for alcohol-related stimuli. The reason
for not including such a dependent measure of response inhibi-
tion is that performing such a task after the manipulation might
decrease or even erase the effects of the manipulation on behav-
ior (cf. Wiers et al., 2010). Therefore, the present study focused
on the effects of the manipulation on drinking behavior to first
test whether this training procedure has any merit for changing
drinking behavior. Importantly, previous research using similar
go/no-go manipulations also showed that this manipulation indeed
strengthens response inhibition for those stimuli that are consis-
tently paired with a stopping response (Verbruggen and Logan,
2008). Hence, based on these findings it is likely that a similar
change in inhibitory processes also caused the observed change
in alcohol use in the present study, although future research will
have to examine this issue further before any solid conclusions can
be reached.

Further, the present findings showed evidence for an effect of
the go/no-go manipulation on drinking behavior up to a week fol-
lowing the manipulation. However, it is unclear how long these
effects persisted. Similarly, previous studies using similar training
procedures also did not include a long-term follow-up of training
effects (Verbruggen and Logan, 2008; Veling et al., 2008). Con-
sequently, the duration of the improvements from the response
inhibition training remains unclear at this time. This issue also
needs to be addressed in future research by examining the effect
of the training on alcohol consumption over a longer period, and
by comparing the duration of effects of more extensive training
procedures.

To conclude, this study provides initial data demonstrating the
utility of a novel, conceptually derived intervention for reducing
alcohol abuse by strengthening inhibitory control over drinking
behavior. The implication of these findings is that procedures that
aim to strengthen response inhibition may prove to be a use-
ful supplement to existing interventions, especially since alcohol
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abuse is associated with deterioration of inhibitory control abili-
ties (Goldstein and Volkow, 2002; Noél et al., 2007). However, the
present sample did consist solely of hazardous college drinkers and
therefore it is unclear whether the present findings also gener-
alize to clinical samples. We hope that these initial findings will
stimulate future research that aims to extend and replicate these
findings in clinical samples to further investigate the potential clin-
ical significance of response inhibition training for reducing alcohol
abuse.
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