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Inhibitory capacity assessment in 
alcohol dependent patients: translation 
from a modified stop signal task

Introduction. Inhibitory control is clearly impaired in 
alcohol dependent individuals, being associated to the 
addiction process establishment and abstinence maintenan-
ce difficulties. Inhibitory control assessment tasks involving 
responses to neutral stimuli are available, although a Spa-
nish version task including contextual cues influence on in-
hibition capacity has not been performed yet. Alcohol rela-
ted stimuli can modify behavioural inhibition performance. 
Thus, the purpose of this study was the Spanish translation 
of a modified stop signal task that assessed inhibitory con-
trol, as well as the degree of interference produced by the 
presence of alcohol related words.

Methodology. A modified stop signal reaction task, 
based on a fast lexical decision paradigm was employed. 
Stimuli used were translated from Zack et al.1, according to 
frequency of use in Spanish, including neutral words, 
pseudowords and alcohol-related words. Task was applied to 
85 alcohol dependent patients, with a minimum of 28 days 
of abstinence and to 27 healthy participants constituting 
the control group. 

Results. Patients showed a poorer performance, with a 
lower stop signal mean delay comparing to control group, in 
presence of neutral and alcohol-related words.

 Conclusions. Alcohol dependent individuals exhibit a 
lower behavioural inhibition performance, added to a 
significant influence of contextual cues on the stop signal 
task, resulting in impulsive behaviour, only in the patients 
group.
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Evaluación de la capacidad de inhibición en 
dependientes de alcohol: traducción de la tarea 
de la señal de stop modificada 

Introducción. La capacidad inhibitoria se encuentra 
claramente alterada en personas dependientes del alcohol, 
asociándose a conductas que contribuyen al establecimien-
to de la dependencia y dificultando el mantenimiento de la 
abstinencia. Se dispone de tareas que evalúan la capacidad 
inhibitoria cuando un estímulo neutro desencadena la res-
puesta, como la tarea de la señal de stop, aunque no existe 
una prueba en castellano que incorpore la influencia de cla-
ves contextuales en la capacidad inhibitoria. La presencia de 
estímulos relacionados con el alcohol modifica la capacidad 
de inhibición conductual. Así, el objetivo de este trabajo fue 
traducir al castellano una tarea de señal de Stop Modificada 
que evaluara, además del control inhibitorio, el grado de in-
terferencia que produciría la presencia de palabras relacio-
nadas con el alcohol.

Metodología. Se empleó la tarea de la señal de stop mo-
dificada, basada en un paradigma de decisión léxica rápida. 
Los estímulos empleados fueron traducidos de la tarea de 
Zack et al.1, en función de la frecuencia de uso en castellano, 
incluyendo palabras neutras, pseudopalabras y relacionadas 
con el alcohol. Se aplicó a 85 pacientes dependientes del 
alcohol, con 28 días de abstinencia mínimos y a un grupo 
control de 27 sujetos. 

Resultados. Los pacientes presentaron un peor rendi-
miento, teniendo menores demoras medias ante la señal de 
stop que el grupo control, ante palabras neutras y relacio-
nadas con el alcohol. 
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Introduction

Cognitive functions altered in the addiction process 
such as attention, inhibition and cognitive flexibility 
represent key elements implicated in cue related self- 
monitoring behavior and action planning updates2. These 
processes have been observed in studies with alcoholic 
patients, evidencing prepotent response inhibition failing 
and sensitivity to alcohol related cues interference1,3-5. 
Furthermore, state or trait impulsivity has shown to be a key 
element in successful inhibition of inappropriate behavior, 
confirming its relevance in substance seeking and consuming 
behavior, as well as abstinence maintenance failing6-9. These 
alterations may come as a substance use consequence or 
they can result from an individual trait, predisposing towards 
addiction10. Impulsivity and heightened alcohol stimuli 
salience are considered as key elements in abstinence, 
craving, binge and intoxication cycle9.

A vast majority of behavioral paradigms assessing 
inhibition impose a need to adjust response strategies when 
several task are being presented, asking individuals to 
quickly respond in front of a stimulus and giving them the 
instruction to withhold their response when another 
stimulus is being presented11. Representative examples are 
given by the Go/No Go paradigm and stop signal task (SST). 
In the stop signal task, Go signal always precedes the stop 
signal, meaning SST assesses inhibition once the action has 
been initiated (action cancellation)12,13. Additionally, SST 
offers the possibility to measure inhibitory process latency 
and its efficacy14. The key handling variable in this task is the 
stop signal delay (SSD)15, representing the elapsed time 
between target start and stop signal presence. Inhibitory 
performance is quantified through stop signal reaction time 
(SSRT). This task assesses inhibitory deficits involved in 
addiction1,16-18, results from alcohol dependent patients 
showing that a high and/or continuous consumption affects 
response inhibition, measured by Go/No Go paradigms and 
SST. Studies have also observed that an altered inhibition 
response could predict alcohol related problems in vulnerable 

adolescents19 and, next to trait impulsivity it could predict 
alcohol consumption7. Nevertheless, in the study of 
impulsivity and attentional bias difficulties present in 
alcohol dependent patients, applying a stop signal task can 
result useful although insufficient to assess the interference 
occurring due to salience of contextual cues, specifically 
related to the substance. Thus, alcohol-related cues have 
been included in several studies under stop signal or Go/No 
Go paradigms, in order to observe the level of interference 
(under different modalities: e.g. semantic categories) and 
inhibitory response performance1,3.

Regarding studies which include stimuli with emotional 
content (words), different Go reaction times to these stimuli 
have been observed, when comparing to stimuli with neutral 
content20-24. If the high incentive value acquired by alcohol 
related stimuli is considered, next to emotional valence 
changes of reinforcement during the addiction process9,25 a 
similar effect as to affective stimuli presence would be 
expected for alcohol related words, boosting perceptive and 
cognitive processes underlying a lexical task. Including this 
aspect into impulsivity assessment under the stop signal 
paradigm would provide additional information associated 
to inhibitory control, given alcohol dependent subjects 
would show a poorer performance in this task, possibly due 
to the interference produced by alcohol related stimuli.

Thus, the main goal of this study was the Spanish 
translation of a modified stop signal task (MSST), assessing 
the level of interference produced by alcohol related stimuli 
presence, besides inhibitory control difficulties, through 
Stop (SSRT) and Go reaction times measures, as well as the 
stop signal delay (SSD). The words meaning (related or not to 
alcohol) would have an impact on the reaction times23,26. To 
this end, Zack et al.1 modified stop signal task assessing 
response inhibition and interference effect including a 
lexical decision task between words with neutral, alcohol-
related content and pseudowords was used.

Methodology

An observational study was completed, including 102 
alcohol dependent patients attending the alcohol detoxifi-
cation and recovery treatment program from the Psiquiatry 
Unit of 12 de Octubre Hospital, participants with psychiatric 
comorbidities and/or neurological history (e.g. epilepsy, 
brain injury or alcohol related dementia) being excluded. 
This number was determined by the need of the behavioral 
paradigm to predict relapses (estimated as 60-70% in the 
first 12 weeks) and the number of individuals abandoning 
the study (approx. 20-25% in the first 12 weeks). Usually, 
the abandonment causes are related to patients’ availability 

Conclusiones. Las personas dependientes del alcohol 
tienen menor capacidad de inhibición conductual, con in-
fluencia contextual significativa solo para los pacientes, que 
interfiere claramente dando lugar a conductas impulsivas. 

Palabras clave: Alcoholismo, Señal de stop, Inhibición, Función ejecutiva
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for the study and treatment leaves-up, possibly due to em-
ployment reinstatement or treatment following at their cor-
respondent mental health centre. Therefore, 85 patients (63 
males) have completed the study, likely to be used as data 
for statistical analysis. Age of participants oscillated be-
tween 27 and 66 years old.  The mean age for initial alcohol 
consumption was 18 years, with 34 years mean for depen-
dence problems and an average of 270.6 g for alcohol quan-
tity consumption. Also, 44.4% of participants inside the pa-
tients group had a minor consumption of additional 
substances. Inclusion criteria inside the patients group were: 
14 average drinks (women) or 21 (men) per week, in a con-
secutive 30 days period, 90 days before initiating abstinence. 
Patients confirmed 2 or more days of high consumption (de-
fined as 4 drinks for women and 5 for men) during the 90 
days previous to abstinence. A maximum period of absti-
nence of 28 days and the absence of significative symptoms 
of withdrawal (CIWA>8) were required before the assess-
ment (medical detoxification and higher CIWA scores 72 
hours prior to abstinence beginning were allowed).

Concerning the control group, 27 healthy individuals 
similar in age, gender and sociodemographic variables 
were assessed. Individuals with history of psychiatric and 
or neurological problems were excluded. All participants 
signed an informed consent. In addition, the presented 
data is part of a broader project, approved by the ethical 
committee of the Biomedical Research Institute of 12 de 
Octubre Hospital.

Materials

Assessment took place at the beginning of detoxification 
treatment, after two weeks of abstinence. The following 
tests were used: SCID (Structurated Clinical Interview for 
DSM-IV I and II axis), CIWA-R (Clinical Institute Withdrawal 
Assesment for Alcohol, Sullivan et al. 1989)27, Alcohol 
Dependence Intensity Scale (Escala de Intensidad de 
Dependencia Alcohólica, EIDA)28, and Hamilton Depression29 
and Anxiety Scales30.

Procedure

Task was administered through a computer (60 cm 
visual distance) and consisted of a series of quick lexical 
decision trials (words or pseudo words) established as 
primary stimuli, each with a visual target positioned at the 
center of the screen. Each trial, the subject had to press one 
of two buttons indicated in order to respond as quickly and 
accurate as possible: pressing “z” with the left finger for 
pseudowords or “-“ with the right finger for words. 

Instructions were given orally and on the screen. The used 
stimuli were translated according to frequency of use in 
Spanish language, from those used in Zack et al.1 192 neutral 
words were included (160 in 8 blocks and 32 for training). 
Therefore, all sets of stimuli (neutral, alcohol-related words 
and pseudowords) were paired in number of letters, syllables, 
accent pattern and frequency of use, in order to reduce the 
possible differences between them. Firstly, two training 
blocks of trials were used: one with the lexical decision task 
and a second one including the stop signal task, with 16 
neutral words and 16 pseudowords each. Secondly, 8 blocks 
of trials were presented, selecting 20 neutral words, 20 
alcohol content words and 40 pseudowords for each block. 
An example of the words and pseudowords used is shown in 
Table 1. 

The Stop signal occurred randomly in 25% of trials, for 
each type of Go stimuli, allowing the extraction of separated 
SSRT for each category. The procedure was similar to the one 
used in the original (x/o) Logan et al.31 Events presented in 
each trial were: fixation stimuli (+ + + +; 500 ms, centre of 
the screen)/1000 ms blank/string (1000 ms Go; 18 pts)/1000 
ms blank. In Stop trials, an auditory stimuli (1000 Hz, 100 
ms) was presented with a variable delay (SSD) adjusted to 
350 ms (>250 ms used in the original SST, reflecting a great-
er time needed for lexical decision comparing to an ortor-
graphical one). The algorithm varied the SSD in Stop trials. If 
the participant retained his response, SSD became 50 ms 
longer, making response inhibition more difficult in the next 
trial; if the subject failed to retain his response, SSD was 50 
ms shorter, making the next trial easier. This way, the algo-
rithm adjusted progressively SSD in order to identify the 
temporal interval associated to 50% of successful inhibition. 
SSD used for calculating SSRT was the averaged SSD in all 
Stop trials, for each type of stimuli27. Resulting variables 
from MMST were: percentages and reaction times (milisec-
onds) for correct answers and errors in lexical classification 
(Go trials) and successful response inhibition and commis-
sion (Stop trials).

Data analysis 

Firstly, data normality distribution was tested through 
Kolmogorov Smirnov and/or Shapiro-Wilk.  In order to com-
pare data obtained from both groups in stop signal task vari-
ables, non-parametric Mann Whitney U test was used. Subse-
quently, non parametric testing for repeated measures 
Friedman and Wilcoxon signed-rank tests were used, in com-
paring MMST variables distributions, using Bonferroni correc-
tion for multiple comparisons. Having 3 posthoc comparisons, 
the level of significance considered was set as p=0.017. 
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In order to test the task’s capacity to correctly detect 
cases, a ROC curve analysis was carried out, obtaining 
sensitivity and specificity values for reaction times (RT) for 
Go, Stop and SSD processes in each stimulus category 
(neutral words, alcohol-related words and pseudowords).

Results

Psychopatological data in patients’ group

EIDA results show a mean score of 29.57 (SD. 16.66). 
Patients did not show clinical symptoms of anxiety or 

Table 1	 Word used as stimuli for the modified stop signal task. Trial block 1

Block 1

Alcohol L 
(x=6.4)

S 
(x=2.55)

Word L
(x=6.65)

S
(x=3)

Pseudo1 L S Pseudo2  L
(x=6.5)

S
(x=2.8)

pimplar  7  2 auditorio  9  5 dióngalo 8 4 runtario 8 4

bar  3  1 muro  4  2 pretilo 7 3 meslo 5 2

botella  7  3 marco  5  2 cun 3 1 mosne 5 2

vino  4  2 sótano  6  3 pránelo 7 3 trólano 7 3

bodega  6  3 tejado  6  3 tarna 5 2 teuleno 7 3

barril  6  2 concreto  8  3 potule 6 3 trontero 8 3

cointreau 10  2 cartero  7  3 teune 5 2 ruster 6 2

chato  5  2 zaguán  6  2 crunera 7 3 expurte 7 3

tinto  5  2 aviador  7  4 laro 4 2 cinodor 7 3

jarra  5  2 encerar  7  3 balzi 5 2 ontirar 7 3

ginebra  7  3 ascensor  8  3 cila 4 2 forenor 7 3

chupito  7  3 cálido  6  3 depanco 8 3 cádino 6 3

gintonic  8  3 pantalón  8  3 cánide 6 3 panjelón 8 3

resaca  6  3 cubierto  8  3 tránera 7 3 fullerto 8 3

bebida  6  3 cemento  7  3 bonena 6 3 vastendo 8 3

taberna  7  3 escenario  9  5 letenida 8 4 pluzonario 10 5

tostada  7  3 patio  5  3 eronor 6 3 explunio 8 4

bebe  4  2 casco  5  2 caniza 6 3 zisdo 5 2

bourbon  7  2 tímpano  7  3 carar 5 2 plasquino 9 3

abstinencia 11  5 punta  5  2 tundil 6 2 binca 5 2

L: number of words letters; S: number of words syllables; x: arithmetic mean. 
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depression measured by Hamilton’s scales of anxiety (mean 
10.54 y SD. 9.1) and depression (mean 8.94 y SD. 7.73).

Modified Stop signal task

Normality tests through Kolmogorov-Smirnov and/or 
Shapiro-Wilk, revealed an abnormal distribution, thus 
further non parametrical testing was needed. Table 2 shows 
Go, Stop reaction times, lexical decision errors and 
commissions and SSD from the modified stop signal task, 
next to Mann Whitney U comparisons between patients and 
healthy controls.

Significant differences between groups were observed, 
for lexical decision correct answers as a percentage 
(mean=44.87 y 50.18; SD=12.5 and 12.8; mean range=51.72  
and 67.13, respectively) and commission errors when neutral 
words were presented (patients mean=55.01 and controls 
mean=49.81; SD=12.5 and 12.8; mean range=59.19 and 
44.17 respectively), z values for z Mann Whitney U were 
-2.188 (p=0.029) and z= -2.131 (p=0.033), respectively.

Regarding RT, significant differences for general SSD 
(p=0.038), alcohol related words SSD (p=0.049) and neutral 
words SSD (p=0.049) were found (Table 2). This was not 
found for pseudowords SSD (Figure 1). These results indicate 
a poorer capacity for response retention when alcohol-
related words and neutral words are presented in patient’s 
group. Additionally, a near-significant difference was found 
for pseudowords in SSD (p=0.057). However, SSRT differences 
for each type of stimuli were not found in group comparisons.

Friedman intra-group comparisons revealed significant 
differences between Go RT (Chi Square χ²=17.63, p<0.1), 
SSRT (χ²=13.03, p<0.1) and Stop commissions RT (χ²=52.69, 
p<0.01) for each stimuli category in patients’ group. Control 
group comparisons show differences for commissions TR 
(χ²=20.51, p<0.01). Wilcoxon post-hoc analysis with Bon-
ferroni corrections (p=0.017) in patients’ group revealed sig-
nificant superior values for pseudowords Go RT compared to 
neutral (Wilcoxon z=-4.708, p<0.001) and alcohol (Wilcoxon 
z=-2.701, p=0.007) Go RT. Furthermore, Go RT values for al-
cohol-related words were superior to Go RT for neutral 
words (Wilcoxon z=-2.611, p=0.009), hence RTs had the fol-
lowing relationship Ps>Alc>N. 

Concerning commission errors, specifically RTs during 
this type of error, alcohol-dependent patients had significant 
differences between pseudowords commission RTs and the 
other categories, alcohol (Wilcoxon z=-5.621, p<0.001) and 
neutral (Wilcoxon z=-5.621, p<0.001), consequently Alc_
Incor_stop> N_Incor_stop> Ps_Incor-stop. On the other 
hand, control group analysis revealed significant differences 
between commissions errors RT for the same type of stimuli 
as for patients group: pseudowords and alcohol (z 
Wilcoxon=-2.787, p=0.005), and pseudowords and neutral 
words (Wilcoxon z=-3,628, p<0.001), although with a light 
shift in direction of differences, that is RTs for N_Incr_
Stop>Alc_Incor__Stop> Ps_Incor_Stop. 

Ultimately, intragroup comparisons for SSRT detected 
significant differences between the three categories only in 
alcohol-dependent individuals, patients showing greater SS-
RTs when pseudowords (Wilcoxon z=3.292, p<0.001) are pre-
sented compared to neutral words and alcohol-related words 
(Wilcoxon z=-2.556, p=0.011) (SSRT-Ps>SSRT-Alc>SSRT-N). 
Figure 2 displays SSRT graphs/charts for each type of stimuli, 
within each group. 

Sensitivity and specificity tests were carried out, 
through ROC curve analysis. Table 3 shows mean values 
obtained for patients and controls in each measure, with 
their correspondent sensitivity and specificity level, next to 
an ideal score for a satisfactory specificity value. Results 
exposed adequate specificity values for SSRT for each type 

Figure 1 Stop signal delay when alcohol-
related, neutral words and 
pseudowords are presented
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Stop signal delays for patients (Pc) and control group, in al three 

conditions: DM_Stop_Alc, DM_Stop_N y DM_Stop_Ps, representint stop 

signal delay while alcohol-related words, neutral words and pseudowords 

are presented. * indicates the level of significante (p value < 0.005) 

reached when comparing means (through Kruskal-Wallis test)  between 

both groups of study for each condition
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Table 2	 Means, mean ranges and Z (Mann Whitney U) for main modified stop signal task measures

Stop variables Group Mean SD Mean 

Range

Z 

(Mann-Whitney U)

p

ALC_Cor_TR 1 1008.68 146.37 53.02 -1.427 0.153

2 1081.37 199.22 63.11

ALC_Incor_TR 1 682.55 413.32 52.78 -1.568 0.117

2 799.49 483.94 63.85

ALC_Incor_Stop 1 40.63 30.76 53.79 -0.986 0.324

2 44.43 35.17 60.76

N_Cor_TR 1 995.58 130.72 52.66 -1.636 0.102

2 1076.65 195.68 64.22

N_Incor_TR 1 766.27 406.79 52.56 -1.695 0.09

2 951.81 296.43 64.54

N_Incor_Stop_TR 1 40.52 22.75 53.13 -1.365 0.172

2 48.52 30.65 62.78

Ps_Cor_TR 1 1024.17 133.44 53.51 -1.149 0.25

2 1083.35 180.66 61.63

Ps_Incor_TR 1 785.07 412.57 53.02 -1.427 0.153

2 850.69 517.29 63.11

Ps_Incor_Stop_TR 1 18.99 15.58 53.30 -1.268 0.205

2 25.83 14.18 62.26

DM_Stop_Alc 1 682.84 211.75 51.89 -2.084 0.037*

2 782.79 226.29 66.61

DM_Stop_N 1 680.74 210 52.09 -1.966 0.049*

2 773.55 235.04 65.98

DM_Stop_Ps 1 684.33 203.65 52.20 -1.9 0.057

2 767.40 223.68 65.63

DM_Stop 1 789.16 296.11 51.92 -2.079 0.038*

2 946.30 351.35 66.50

SSRT_Alc 1 318.17 173.59 57.88 -0.799 0.424

2 298.58 169.84 52.15

SSRT_N 1 307.42 169.31 56.44 -0.037 0.97

2 303.1 156.44 56.70

SSRT_Ps 1 331.85 184.68 57.72 -0.704 0.481

2 315.95 137.6 52.67
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of stimuli, although low sensitivity values were observed. 
SSRT_ALC variable exhibited the highest specificity value 
(0.77 and 0.6 for mean values of this variable in patient and 
control group, respectively). 

Discussion

 The main goal of this study was assessing the inhibitory 
capacity in alcohol dependent patients when alcohol-related 

stimuli Go were presented, using a modified stop signal task1 
Spanish translation. Patients showed a poorer performance 
than controls, having significantly lower stop signal delays 
in presence of neutral and alcohol-related words. In this 
manner, we could conclude that patients exhibited a reduced 
behavioral inhibitory capacity, showing a greater impulsivity 
in motor execution and less success in response inhibition. 
These findings are comparable to data obtained by other 
studies, assessing alcohol influence on stop signal task 
execution7,19,32 and they are suitable to dependence and 
relapse processes theories that include impulsivity as a key 
aspect6,8,9. 

Nevertheless, not all variables associated to inhibitory 
capacity have confirmed our hypothesis, given no significant 
differences were found between patients and controls for 
stop signal reaction times (SSRT) in any type of condition, 
somehow contradictory to other studies’ outcomes7,32,33. A 
recent meta-analysis34 found higher SSRTs for alcohol 
dependent patients, however, moderate size-effects and 
heterogeneous Stop measures values were observed. Novel 
studies on (motor) impulsivity measured by behavioral Stop 
and Go/No Go show different outcomes in relation to alcohol 
consumption effect (short and long term effect)35-42. On one 
hand, self-informed measures of impulsivity, such as BIS-
II37,40,41 and Go/No Go reaction times have been associated to 
recent, problematic use42 and alcohol-dependence, as well as 
addiction severity39. On the other hand, some of the most 
recent studies including stop signal tasks found similar results 
to ours regarding stop signal reaction times (SSRT) in binge or 
dependent alcohol consumption alcohol35,36,39,42,43. The variety 
of these results can be partially attributable to differences in 
the paradigms used, sample dissimilarities in gender, age, 
sociodemographic and alcohol consumption related variables. 
However, as previously indicated, SSD were significantly lower 
in patients’ group for alcohol and neutral words conditions, 
which, alongside a greater number of commission errors, 
could reflect a more prominent impulsivity for patients’ group 
compared to control group.

Table 2	 Continuation

Means and standard deviation (SD), mean renges, Z for Mann Whitney U and p values, for patients (1) and controls (2) in the modified stop signal 
task variables:ALC_Cor_RT, N_Cor_RT,Ps_Cor_RT representing alcohol, neural and pseudowords  Go reaction times (ms); ALC_Incor_RT, N_Incor_RT, 
Ps_Incor_RT representing lexical decisions errors reaction times;  DM_Stop_Alc, DM_Stop_N y DM_Stop standing for stop signal delay when alcohol 
related, neutral words and pseudowords were presented, SSRT_ALC, SSRT_N y SSRT_Ps for alcohol, neutral words and pseudowords stop signal 
reaction times; these measures were derived from stop signal delays substraction from Go reaction times in all three conditions, following Logan and 
Cowan (1984).

Pc

SSRT ALC SSRT N SSRT Pseud

Control

280

290

300

310

320

330

340

Figure 2 Stop signal reaction times when 
alcohol related, neutral words and 
pseudowords are presented

Stop signal reacction times in all three conditions, for patients (Pc) y 

control group: SSRT_ALC, SSRT_N y SSRT_Ps, representing stop signal 

reaction times while alcohol-related words, neutral words and 

pseudowords are presented. * indicates the signficance level reached 

(p<0.017) when comparing between conditions (through Wikoxon test), 

evidence in patientes’group only.
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Regarding alcohol cues’ influence, greater SSRTs and 
lower SSDs were found in alcohol related words presence 
compared to neutral words in patients’ group, this difference 
not being observed for healthy controls. Additionally, 
alcohol dependent patients showed a significantly lower 
inhibition capacity towards pseudowords compared to any 
other condition. Meanwhile, inhibitory capacity in presence 

of neutral words was higher than the correspondent for 
alcohol related words, although this difference did not result 
statistically significant. Additionally, ROC curve analysis 
exhibited a higher specificity value for alcohol related words 
SSRT compared to the other conditions, indicating a possible 
influence in inhibition process’s efficiency. Studies including 
alcohol related contextual cues in stop signal tasks show a 

Table 3	S ensitivity and specificity test for Go, Stop reaction times and stop signal delays

Stop variables Group Curve coordinates  

ROC

Sensitivity Specificity Area below the 

curve

p

ALC_Cor_TR 1 1008.68 0.54 0.407 0.408 0.153

2 1081 0.349 0.444

N_Cor_TR 1 995 0.518 0.4 0.395 0.102

2 1076 0.24 0.519

Ps_Cor_TR 1 1024 0.556 0.407 0.426 0.250

2 1083 0.33 0.556

DM_Stop_Alc 1 675 0.699 0.185 0.366 0.037*

2 800 0.494 0.333

DM_Stop_N 1 680.7 0.578 0.296 0.374 0.049*

2 782 0.373 0.444

DM_Stop_Ps 1 684.3 0.554 0.333 0.378 0.057

2 773 0.337 0.407

DM_Stop 1 789.16 0.49 0.33 0.367 0.039*

2 946 0.3 0.4

SSRT_Alc 1 318 0.318 0.778 0.551 0.424

2 298 0.388 0.63

SSRT_N 1 307 0.29 0.667 0.498 0.970

2 303 0.318 0.667

SSRT_Ps 1 311 0.48 0.63 0.545 0.481

2 315 0.471 0.667

Coordinates values for ROC curve, Sensitivity and Specificity values for patients (1) and controls (2), for Go variables (Alc_Cor_RT, N_Cor_RT, Ps_Cor_
RT), Stop  (SSRT_Alc, SSRT_N, SSRT_Ps) and stop signal delays (DM_Stop, DM_Stop_Alc; DM_Stop_N; DM_Stop_Ps) for each type of stimuli. Values 
for area below the curve and asymptotic significance levels are added. In bold: medium-high specificity values.
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greater (motor) impulsivity towards alcohol images in social 
or moderate alcohol drinkers44,45. Likewise, higher Go RTs for 
alcohol related words were found compared to neutral 
words, only for alcohol dependent patients. This result may 
appear opposite to our initial hypothesis, regarding a 
possible acceleration of Go processes in lexical decision 
when stimuli with emotional content are presented22,46, 
giving rise to faster Go RTs, possibly due to the affective and 
evocative nature of alcohol-related stimuli9,25. This study is 
not the only one observing these outcomes; Nöel et al. found 
the similar effects in a modified Go/No Go task, discarding a 
probable enhanced effect in information speed processing 
as a result of cognitive decline associated to chronic alcohol 
effects, an idea in line with our results, suggesting patients 
show an early attentional bias towards alcohol related cues1, 

3. Similar outcomes were found in lexical decision47 or 
emotional Stroop interference48,49 tasks. These results could 
indicate that affective stimuli’s influence on lexical 
processing in alcohol dependent individuals may be different 
from the one occurring in healthy subjects. A plausible 
explanation could reside in the semantic features of alcohol 
related words and their complex role along the dependence 
process, considering their emotional and motivational 
properties, apparently distinct from widespread affective 
stimuli contemplated as natural reinforcements. Hence, the 
presence of this type of stimuli could have a different 
repercussion from general affective stimuli on Go and Stop 
processes, with distinct characteristics in general population. 
Alcohol related words’ high salience, as well as their elevated 
incentive value25 could, together, slower the lexical decision 
process through a higher cognitive resources demand when 
this type of stimuli are presented1 or an abnormally increased 
activation of alcohol related semantic categories3,46.

To summarize, we were able to observe that alcohol 
related stimuli could slower lexical information processing 
and interfere with Stop task correct execution, given their 
affective properties and high incentive value along the 
addiction process. Thus, behavioral inhibition, next to 
alcohol stimuli salience and high incentive value may play a 
key role in addiction processes, facilitating probable relapses.

Notwithstanding the obtained outcomes, some issues 
can limit results generalizations for the control group, main-
ly related to size sample, even though appropriate for the 
type of analysis set out for this study, a higher number of 
control subjects would allow a more profound data exam-
ination. Also, limited information was available regarding 
alcohol consumption pattern for this group, requiring more 
detailed information for a deeper understanding of the un-
derlying processes in healthy individuals.

Eventually, considering inhibition as a substantial com-
ponent of therapeutic and pharmacological interventions 
for alcohol dependence may result helpful for relapse num-
ber reduction and abstinence maintenance. 

Acknoledgements 

This Project has been partly funded by ERAB: The 
European Foundation for Alcohol Research.

Conflicts of interest

None of the authors have conflicts of interests with 
public or private entities.

references 

1.	 Zack M, Woodford TM, Tremblay AM, Steinberg L, Zawertailo 
LA, Busto UE. Stress and alcohol cues exert conjoint effects 
on go and stop signal responding in male problem drinkers. 
Neuropsychopharmacology. 2011;36(2):445-58.

2.	 Bari A, Robbins TW. Inhibition and impulsivity: behavioral and 
neural basis of response control. Prog Neurobiol. 2013;108:44-
79.

3.	 Noel X, Van der Linden M, d’Acremont M, Bechara A, Dan B, 
Hanak C, et al. Alcohol cues increase cognitive impulsivity 
in individuals with alcoholism. Psychopharmacology (Berl). 
2007;192(2):291-8.

4.	 Papachristou H, Nederkoorn C, Havermans R, Bongers P, 
Beunen S, Jansen A. Higher levels of trait impulsiveness and 
a less effective response inhibition are linked to more intense 
cue-elicited craving for alcohol in alcohol-dependent patients. 
Psychopharmacology (Berl). 2013;228(4):641-9.

5.	 Coullaut-Valera R, Arbaiza-Diaz Del Rio I, de Arrue-Ruiloba 
R, Coullaut-Valera J, Bajo-Breton R. Cognitive deterioration 
associated with the use of different psychoactive substances. 
Actas Esp Psiquiatr. 2011;39(3):168-73.

6.	 Everitt BJ, Belin D, Economidou D, Pelloux Y, Dalley JW, Robbins 
TW. Review. Neural mechanisms underlying the vulnerability to 
develop compulsive drug-seeking habits and addiction. Philos 
Trans R Soc Lond B Biol Sci. 2008;363(1507):3125-35.

7.	 Rubio G, Jimenez M, Rodriguez-Jimenez R, Martinez I, Avila 
C, Ferre F, et al. The role of behavioral impulsivity in the 
development of alcohol dependence: a 4-year follow-up study. 
Alcohol Clin Exp Res. 2008;32(9):1681-7.

8.	 Kalivas PW, Volkow ND. The neural basis of addiction: a pathology 
of motivation and choice. Am J Psychiatry. 2005;162(8):1403-
13.

9.	 Goldstein RZ, Volkow ND. Drug addiction and its underlying 
neurobiological basis: neuroimaging evidence for the 
involvement of the frontal cortex. Am J Psychiatry. 2002; 
159(10):1642-52.

10.	 Bjork JM, Hommer DW, Grant SJ, Danube C. Impulsivity in 
abstinent alcohol-dependent patients: relation to control 
subjects and type 1-/type 2-like traits. Alcohol. 2004;34(2-
3):133-50.

11.	 Huster RJ, Enriquez-Geppert S, Lavallee CF, Falkenstein M, 
Herrmann CS. Electroencephalography of response inhibition 

33



Inhibitory capacity assessment in alcohol dependent patients: translation from a modified 
stop signal task

Ana Sion, et al.

30 Actas Esp Psiquiatr 2017;45(1):21-31

tasks: functional networks and cognitive contributions. Int J 
Psychophysiol. 2013;87(3):217-33.

12.	 Eagle DM, Bari A, Robbins TW. The neuropsychopharmacology of 
action inhibition: cross-species translation of the stop-signal and 
go/no-go tasks. Psychopharmacology (Berl). 2008;199(3):439-
56.

13.	 Schachar R, Logan GD, Robaey P, Chen S, Ickowicz A, Barr C. 
Restraint and cancellation: multiple inhibition deficits in 
attention deficit hyperactivity disorder. J Abnorm Child Psychol. 
2007;35(2):229-38.

14.	 Logan GD, Cowan WB, Davis KA. On the ability to inhibit simple 
and choice reaction time responses: a model and a method. J 
Exp Psychol Hum Percept Perform. 1984;10(2):276-91.

15.	 Vince MA. The intermittency of control movements and 
the psychological refractory period. Br J Psychol Gen Sect. 
1948;38(Pt 3):149-57.

16.	 Kamarajan C, Porjesz B, Jones KA, Choi K, Chorlian DB, 
Padmanabhapillai A, et al. Alcoholism is a disinhibitory disorder: 
neurophysiological evidence from a Go/No-Go task. Biol Psychol. 
2005;69(3):353-73.

17.	 Noel X, Van der Linden M, d’Acremont M, Colmant M, Hanak 
C, Pelc I, et al. Cognitive biases toward alcohol-related words 
and executive deficits in polysubstance abusers with alcoholism. 
Addiction. 2005;100(9):1302-9.

18.	 Aragues M, Jurado R, Quinto R, Rubio G. Laboratory paradigms 
of impulsivity and alcohol dependence: a review. Eur Addict Res. 
2011;17(2):64-71.

19.	 Nigg JT, Wong MM, Martel MM, Jester JM, Puttler LI, Glass 
JM, et al. Poor response inhibition as a predictor of problem 
drinking and illicit drug use in adolescents at risk for alcoholism 
and other substance use disorders. J Am Acad Child Adolesc 
Psychiatry. 2006;45(4):468-75.

20.	 Kousta ST, Vinson DP, Vigliocco G. Emotion words, regardless 
of polarity, have a processing advantage over neutral words. 
Cognition. 2009;112(3):473-81.

21.	 Syssau A, Laxen J. [The influence of semantic richness on the 
visual recognition of emotional words]. Can J Exp Psychol. 
2012;66(1):70-8.

22.	 Kousta ST, Vigliocco G, Vinson DP, Andrews M, Del Campo E. The 
representation of abstract words: why emotion matters. J Exp 
Psychol Gen. 2011;140(1):14-34.

23.	 Pexman PM, Hargreaves IS, Siakaluk PD, Bodner GE, Pope J. 
There are many ways to be rich: effects of three measures of 
semantic richness on visual word recognition. Psychon Bull Rev. 
2008;15(1):161-7.

24.	 Yap MJ, Pexman PM, Wellsby M, Hargreaves IS, Huff MJ. An 
abundance of riches: cross-task comparisons of semantic 
richness effects in visual word recognition. Front Hum Neurosci. 
2012;6:72.

25.	 Robinson TE, Berridge KC. The neural basis of drug craving: an 
incentive-sensitization theory of addiction. Brain Res Brain Res 
Rev. 1993;18(3):247-91.

26.	 Barber HA, Otten LJ, Kousta ST, Vigliocco G. Concreteness in 
word processing: ERP and behavioral effects in a lexical decision 
task. Brain Lang. 2013 Apr;125(1):47-53.

27.	 Sullivan JT, Sykora K, Schneiderman J, Naranjo CA, Sellers EM. 
Assesment of alcohol withdrawal: the revised Clinical Institute 
Withdrawal Assesment for Alcohol Scale (CIWA-Ar). Br J Add. 
1989;84:1353-7.

28.	 Rubio G, Urosa B, Santo Domingo J. Validación de la escala de 
intensidad de la dependencia al alcohol. Psiquiatría Biológica. 

1998;(Supl 1):44-7.
29.	 Hamilton M. A rating scale for depression. J Neurol Neurosurg 

Psychiatr. 1960;23:56-62.
30.	 Hamilton M. The assesment of anxiety states by rating. Br J Med 

Psychol. 1959;32:50-5.
31.	 Logan DG, Schachar RJ. Impulsivity and inhibitory control. 

Psychological science. 1997;8(1).
32.	 Nederkoorn C, Baltus M, Guerrieri R, Wiers RW. Heavy drinking is 

associated with deficient response inhibition in women but not 
in men. Pharmacol Biochem Behav. 2009 Sep;93(3):331-6.

33.	 Rubio G, Jimenez M, Rodriguez-Jimenez R, Martinez I, Iribarren 
MM, Jimenez-Arriero MA, et al. Varieties of impulsivity in males 
with alcohol dependence: the role of Cluster-B personality 
disorder. Alcohol Clin Exp Res. 2007 Nov;31(11):1826-32.

34.	 Smith JL, Mattick RP, Jamadar SD, Iredale JM. Deficits in 
behavioural inhibition in substance abuse and addiction: a 
meta-analysis. Drug Alcohol Depend. 2014 Dec 1;145:1-33.

35.	 Morris LS, Kundu P, Baek K, Irvine MA, Mechelmans DJ, Wood J, 
et al. Jumping the Gun: Mapping Neural Correlates of Waiting 
Impulsivity and Relevance Across Alcohol Misuse. Biol Psychiatry. 
2016 Mar 15;79(6):499-507.

36.	 McGrath E, Jones A, Field M. Acute stress increases ad-libitum 
alcohol consumption in heavy drinkers, but not through 
impaired inhibitory control. Psychopharmacology (Berl). 2016 
Apr;233(7):1227-34.

37.	 Caswell AJ, Celio MA, Morgan MJ, Duka T. Impulsivity as a 
Multifaceted Construct Related to Excessive Drinking Among 
UK Students. Alcohol Alcohol. 2016 Jan;51(1):77-83.

38.	 Bo R, Aker M, Billieux J, Landro NI. Binge Drinkers Are Fast, Able 
to Stop - but They Fail to Adjust. J Int Neuropsychol Soc. 2016 
Jan;22(1):38-46.

39.	 Rupp CI, Beck JK, Heinz A, Kemmler G, Manz S, Tempel K, et al. 
Impulsivity and Alcohol Dependence Treatment Completion: Is 
There a Neurocognitive Risk Factor at Treatment Entry? Alcohol 
Clin Exp Res. 2016 Jan;40(1):152-60.

40.	 Taylor EM, Murphy A, Boyapati V, Ersche KD, Flechais R, 
Kuchibatla S, et al. Impulsivity in abstinent alcohol and polydrug 
dependence: a multidimensional approach. Psychopharmacology 
(Berl). 2016 Apr;233(8):1487-99.

41.	 Roberts W, Monem RG, Fillmore MT. Multisensory Stop Signals 
Can Reduce the Disinhibiting Effects of Alcohol in Adults. 
Alcohol Clin Exp Res. 2016 Mar;40(3):591-8.

42.	 Paz AL, Keim CA, Rosselli M. Inhibitory Performance Predicting 
Drinking Behaviours Among Young Adults. Alcohol Alcohol. 
2016 Apr 4.

43.	 Hu S, Ide JS, Zhang S, Sinha R, Li CS. Conflict anticipation in 
alcohol dependence - A model-based fMRI study of stop signal 
task. Neuroimage Clin. 2015;8:39-50.

44.	 Jones A, Field M. Alcohol-related and negatively valenced cues 
increase motor and oculomotor disinhibition in social drinkers. 
Exp Clin Psychopharmacol. 2015 Apr;23(2):122-9.

45.	 Karoly HC, Weiland BJ, Sabbineni A, Hutchison KE. Preliminary 
functional MRI results from a combined stop-signal alcohol-cue 
task. J Stud Alcohol Drugs. 2014 Jul;75(4):664-73.

46.	 Yap MJ, Seow CS. The influence of emotion on lexical processing: 
insights from RT distributional analysis. Psychon Bull Rev. 2014 
Apr;21(2):526-33.

47.	 Endres MJ, Fein G. Emotion-word processing difficulties in 
abstinent alcoholics with and without lifetime externalizing 
disorders. Alcohol Clin Exp Res. 2013 May;37(5):831-8.

48.	 Stormark KM, Laberg JC, Nordby H, Hugdahl K. Alcoholics’ 

34



31Actas Esp Psiquiatr 2017;45(1):21-31

Inhibitory capacity assessment in alcohol dependent patients: translation from a modified 
stop signal task

Ana Sion, et al.

selective attention to alcohol stimuli: automated processing? J 
Stud Alcohol. 2000 Jan;61(1):18-23.

49.	 Lusher J, Chandler C, Ball D. Alcohol dependence and the alcohol 

Stroop paradigm: evidence and issues. Drug Alcohol Depend. 
2004 Sep 6;75(3):225-31.

35


