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Chapterr 4 

Selectivee Cognitive Processing of Drug Cues in Heroin 
Dependence e 

Previouss studies provide evidence for the selective processing of disorder 
relatedd stimuli on anxiety, depression, and eating disorders. There exist 
somee preliminary indications that selective processing of drug cues may 
bee involved in drug craving and relapse that deserve further investigation. 
Inn order to investigate the role of processing bias in an abnormal motiva-
tionall system, the attentional bias for drug related stimuli was studied in a 
heroinn dependent population. Heroin dependent participants (n=21) and 
controll participants (n=30) performed a supra- and subliminal heroin 
Stroopp task and heroin craving was assessed. Heroin dependent partici-
pantss showed a considerable attentional bias for supraliminal^ presented 
heroinn cues. However, there was no evidence for a preattentive bias on 
thee subliminal presented cues. Reaction time on heroin cues was signifi-
cantlyy predicted by heroin craving-levels. Results indicate that selective 
processingg may be related to motivational induced states in general. The 
findingg are discussed in the context of selective information processing in 
generall psychopathology and in motivational processes as addiction spe-
cifically. . 

Ingmarr H.A. Franken, Linda Y. Kroon, Reinout W. Wiers, Anita Jansen. 
journaljournal of Psychopharmacology, 2000, 14(4): 395-400. 

Introduction n 
Inn recent cognitive theories of psychopa-
thology,, the processing of information and its 
relationn to dysfunctional schematics4 has re-
ceivedd extensive attention. Information pro-
cessingg and its contribution to psychopa-
thologyy has been studied in several psychia-
tricc disorders, such as obsessive compulsive 
disorder21,, phobia2950, posttraumatic stress 
disorder288 and depression". In the field of ex-
perimentall psychopathology, theories on 
biass in selective attention towards emotional 
stimulii have been put forward in order to 
explainn the origin and maintenance of ab-
normall psychological states'2. The brain's 
defensivee system in relation to threat stimuli 
hass been studied extensively, and attentional 
biass for this type of stimuli has been found in 
variouss types of anxiety disorders". For ex-
ample,, phobic patients have difficulties in 
shiftingg attention away from fear-related 
stimulii in presence of competing stimuli. This 
biass can be characterized as an increase in 
preoccupationn and sensitivity to stimuli that 
aree related to the specific type of psychopa-
thology.. Attentional bias for disorder related 
stimulii has been studied by attentional tests 
suchh as the Emotional Stroop Task52 and dot 

probee tasks40. In addition to difficulties with 
shiftingg attention away from fearful cues in 
anxietyy patients, the anxious patient wil l no-
ticee a disorder-related stimulus more quickly 
thann a non-anxious individual wi l l . This pre-
consciouss bias is experimentally studied by 
thee same tests as attentional bias, however 
cuess are presented below perceptual thresh-
oldd (subliminal), resulting in subliminal dot-
probee tasks32 or the subliminal Emotional 
Stroopp Task50. In studies on anxiety disorders 
itt is repeatedly demonstrated that phobic 
subjectss make attentional shifts towards a 
subliminallyy presented disorder related 
stimulus'2. . 

Ass with fearful stimuli, attention is automati-
callyy directed to intrinsically appetitive cues 

inn normal states. The appetitive system in-
cludess approach, hunger, sexual and nurtur-
ingg behavior20. In addition to normal adaptive 
directingg of attention towards appetitive cues 
suchh as in states of hunger, it would be useful 
too study selective processing in abnormal 
motivationall states such as addictive beha-
viors.. Addiction can be regarded as an ab-
normall appetitive and motivational state in 
whichh the appetitive system is disordered. 
Whenn appetite becomes greater than war-
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rantedd by the situation, an addictive disorder 
existss analogous to fear23. Although atten-
tionall processes may be of major value in 
explainingg excessive craving and compulsive 
drugg seeking by providing essential links be-
tweenn psychological and biological proc-
esses,, research on attentional bias in abnor-
mall appetitive states is restricted to a few 
studiess on gambling"'1', eating disorders, al-
coholl dependence38144, nicotine depend-
ence'22 \ and cocaine dependence4"1. These 
studiess report an attentional bias of addicted 
subjectss on disorder related material. Studies 
onn the role of preattentional processes in mo-
tivationall induced bias are scarce. A recent 
studyy on selective attention for food stimuli 
inn states of hunger, no preattentional bias 
wass observed34. 

Cravingg can be regarded as the emotional 
representationn of an appetitive state. In most 
currentt conceptualizations of drug depen-
dence,, such as ICD-10 and DSM-IV, subjec-
tivee craving is regarded as a central phe-
nomenon,, contributing to the continuation of 
drugg use in active addicts and the occur-
rencee of relapse in detoxified addicts'. There 
iss evidence that craving for psychoactive 
substancess disrupts attentional performance 
6.44 M-4 

Severall issues concerning the selective 
processingg of addiction related cues have not 
beenn studied before. Although the findings of 
severall studies suggest that attentional bias 
forr addiction related stimuli is a general fea-
turee for motivational states, it has not been 
investigatedd before in relation to heroin de-
pendence.. Furthermore, it has been sug-
gestedd that the fast processing of arousing 
inputt may be a general phenomenon that 
occurss for both appetitive and aversive 
cues19.. Hitherto, research on the preattentive 
processingg of addiction related cues has not 
beenn conducted(see also51). In addition, the 
relationn between craving and the processing 
off appetitive cues has been suggested to be 
usefull in cognitive theories of addictive dis-
orders",, and needs further investigation. 

Inn order to address the topics mentioned 
above,, three specific hypotheses are ad-
dressedd in the present study. First, the explicit 
emotionall Stroop task" is able to differentiate 
betweenn a group of individuals with heroin 

dependencyy and a normal control group. 
Thee emotional Stroop paradigm provides a 
reliablee instrument32 for assessing attentional 
bias.. A second hypothesis, in addition to an 
explicitt attentional bias, is that implicit drug 
informationn processing in heroin depen-
dencyy is biased compared to a normal con-
troll group. Third, there exists in individuals 
withh a heroin dependency diagnosis a posi-
tivee relation between the amount of craving 
andd cognitive performance. The amount of 
interferencee within the heroin group is corre-
latedd with craving in the past week as meas-
uredd by the Obsessive Compulsive Drug Use 
Scalee version Heroin (OCDUS-heroin). 

Method d 
Participants Participants 
Thee experiment was conducted in two 
groups:: a group of abstinent heroin depend-
entt patients (heroin group, n=21) and a non-
heroinn dependent control group (controls, 
n=31).. All participants in the heroin group 
weree inpatients from an clinical treatment 
centerr for drug dependency (Addiction Unit 
off the Parnassia Psycho-Medical Center, the 
Hague,, Netherlands), and met the DSM-IV 
criteria22 for heroin dependence. All the par-
ticipantss in the heroin group had abstained 
fromm using any psychoactive substance for at 
leastt one week and received no medication. 
Bothh drug treatment and study participation 
weree voluntary. Participants in the control 
groupp were recruited among clinical and 
administrativee staff of the clinic and were 
likelyy to be familiar with drug related words. 
Exclusionn criterion for the control group was 
lifetimee use of heroin. For both groups, par-
ticipantss with severe psychopathology, color 
blindnesss and (non-corrected) defective vi-
sionn were excluded. The two groups were 
matchedd as closely as possible with respect 
too age, education, and gender. The percent-
agee male participants in the heroin and con-
troll group were 71.4% and 83.3%, respec-
tively.. Mean age of the heroin and control 
groupp was 31.5 and 34.8 years, respectively. 
Forr the heroin group, the mean self reported 
durationn of heroin dependence was 93.9 
monthss (SD=84.0). Mean time of current ab-
stinencee was 9 weeks (SD=8.94). Patients 
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receivedd a financial compensation (equiva-
lentt of 7 US dollar) for participation. 

CravingCraving measurements 
Thee Obsessive Compulsive Drug Use Scale 
(OCDUS-heroinn version,") was used as a 
cognitivee correlate of craving in the past 
week.. The OCDUS, a 14 item self-rating 
questionnairee (5 ordinal response categories), 
iss constructed analogue to the Obsessive 
Compulsivee Drinking Scale (OCDS)1. Similar 
too the OCDS, the OCDUS consists of two 
subscales.. First, the obsessive subscale (OB), 
whichh measures the frequency of thoughts 
aboutt heroin, the ability to resist the thoughts 
andd the emotional distress resulting from 
thesee thoughts. Second, the compulsive sub-
scalee (CP), measuring frequency of drug use, 
compulsivee drive to use heroin and the ex-
periencedd control over heroin use. The sum 
off both scales results in a total score (TOT), 
whichh can be understood as a multidimen-
sionall measure of cognitive aspects of crav-
ing3 0 .. From an initial validation study it has 
beenn found that OCDUS hold satisfactory 
psychometricc properties (Cronbach's alpha 
OB-scalee = 0.85; CP-scale = 0.82; factor 
structuree corresponds with the two scales). In 
aa validation study of the original OCDS, the 
authorss concluded that the OCDS is a reli-
ablee and valid self-rating instrument for the 
measurementt of dimensions of alcohol crav-
ing'.. In a previous study with the present 
OCDUS-cocainee version, it was found that 
scoress on this questionnaire were correlated 
too reaction times on cocaine related cues in 
cocainee dependent patients . 

AA single-item visual analog craving scale 
(VASS craving) was administered in order to 
measuree pre- and post-experiment craving. 
Althoughh there are some methodological dif-
ficultiess using a single item craving VAS in 
termss of validity and reliability (see Tiffany4"), 
aa VAS can quickly be administred between 
tasks.. The subject was asked to indicate, on a 
1000 millimeter scale, how much craving for 
heroinn they experienced at that moment. In 
contrastt to the OCDUS, which measures 
moree stable aspects of craving (past week), 
thee VAS measures cue induced craving (at 
thee moment) which can vary from moment 
too moment. 

ApparatusApparatus and materials 
Alll stimulus material was presented on an 
IBMM G50 monitor, controlled by an IBM P-
1000 PC. The presentation of the stimuli was 
programmedd in EXPE language". A micro-
phonee was placed in front of the subject and 
wass connected with a voice key. Reaction 
timee was measured by the voice key, which 
stoppedd the computer clock at the nearest 
millisecondd (ms) when a verbal reaction was 
detected. . 

Forr both Stroop tasks, stimulus words 
weree presented in 13 millimeter uppercase 
letters.. Neutral and heroin words were pre-
sentedd in random order to prevent rumina-
tionn effect observed in blocked (by category) 
presentation3.. Stroop tasks consisted of 10 
heroin-relatedd words (Dutch equivalent of 
score,, flash, smack, dope, dealer, junk, shot, 
ball,, heroin, inhale) and 10 neutral, trans-
port-relatedd words {Dutch equivalent of pilot, 
ticket,, crosswalk, train, vehicle, bike, 
scooter,, trolley, asphalt, gasoline). Neutral 
wordss were matched for the number of let-
terss and syllables, but not for the frequency 
off use in Dutch language. No data concern-
ingg word use frequency of Dutch heroin re-
latedd words are known, which are for the 
mostt part slang. However, previous studies 
indicatee that word frequency has little effect 
onn attentional tasks27". Drug words were 
chosenn from lists of words that were pro-
videdd by three local drug-counselors. Words 
weree selected for unambiguity (as far as pos-
sible)) and familiarity among drug users and 
drug-counselors.. Each word was presented 
100 times in a random order resulting in 100 
neutrall and 100 heroin words in total. 
Maskedd and Unmasked words were pre-
sentedd in the colors green, yellow, blue, or 
red.. In the subliminal task, masked words 
andd masks had identical colors. 

Procedure Procedure 
Afterr obtaining written informed consent, 
participantss completed a short question-
nairee including questions about age, educa-
tion,, weeks in treatment, and duration of 
substancee abuse. In addition, the OCDUS 
questionnairee and a craving-VAS were com-
pletedd by the heroin group. All participants 
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weree subsequently given a Masked Stroop 
color-namingg task (Masked Stroop), followed 
byy a second craving-VAS for the heroin 
group.. After this procedure, all participants 
performedd an awareness check task. Finally, 
participantss were given an unmasked Stroop 
colorr naming task (Unmasked Stroop), fol-
lowedd by the third craving-VAS for the her-
oinn group. 

Inn the Masked Stroop task a stimulus 
wordd was presented for 28 ms in one of the 
fourr colors and immediately replaced by a 
randomm letter mask (e.g. JKWK) in the same 
color.. The mask remained on the screen until 
vocall response, with a maximum of 3000 
ms.. In the Unmasked Stroop Task, a stimulus 
wordd in one of the four colors was presented 
onn the screen and remained on the screen 
untill response (max. 3000 ms). In both tasks, 
participantss were instructed to name the 
colorr of the presented target word as quickly 
ass possible. The order of presentation was 
random,, with the restriction that a specific 
wordd category (heroin vs. neutral) was not 
presentedd more than four consecutive times. 
InIn both masked and unmasked Stroop, the 
inter-triall interval was set at 1000 ms. 

Too assure that participants were not 
awaree of the content of the masked stimu-
lus,, words were presented below percep-
tionn threshold (subliminally). Previous stud-
iess demonstrate that words presented for 28 
mss are generally not consciously identified 
byy the subject". To verify this, an awareness 
checkk was carried out for each subject. This 
checkk consisted of a forced-choice lexical 
decisionn task in which 15 words and 15 non-
wordss were presented subliminally (28 ms). 
Afterr presentation of this word or non-word, 
itt was immediately replaced by a random 
letterr mask. The subject was asked to indi-
catee verbally whether the word presented 
beforee the mask was a word or a non-word. 

Results s 
ParticipantsParticipants Characteristics 
Age,, t(49)=-1.73, p=.090, and gender, 
x2(1)=1.03,, p-.309, distribution were not dif-
ferentt for the two groups. Differences were 
foundd in education, control participants had 
aa higher level of education than heroin 
participants,, x2(2)=13.43, p<.01. Additional 
analysiss showed that, for both groups, level 
off education was not significantly correlated 
withh any of the dependent variables. Conse-
quently,, the level of education was not 
addedd as covariate in the analysis of vari-
ance. . 

StroopStroop Tasks 
Kemp-Wheelerr and H i lT suggested that the 
probabilityy of making a correct response 
shouldd fall within the 95% confidence limits 
aboutt the chance expectation of .50. In our 
manipulationn check task, two control par-
ticipantss identified the words/non-words cor-
rectlyy above chance level, indicating that for 
thesee participants the subliminal words were 
abovee subjective awareness threshold. In ac-
cordancee with the criteria of Kemp-Wheeler 
andd Hill, these two participants were ex-
cludedd from the analysis. This analysis shows 
thatt included participants were, as expected, 
unawaree of the lexical content of the masked 
stimuli.. All response latencies less than 200 
mss or greater than 3000 ms were omitted. 

AA 2x2 mixed design analysis of variance 
(ANOVA)) of reaction time (RT) on masked 
andd unmasked Stroop, with Group (heroin 
vs.. control) as between subjects variable and 
Cuee Type (heroin vs. neutral word) as within 
participantss variable. For the RTs on the un-
maskedd Stroop a significant Cue Type x 
Groupp interaction was observed, 
F(l,49)=15.12,, p<.001. Cell means (table 1) 
indicatedd that this effect has to be attributed 
too greater RTs for the heroin group on heroin-
relatedd words. Furthermore, ANOVA analysis 
showedd significant higher overall RTs for the 
heroinn group compared to the control group, 
F(1,49)=31.99,, p<.001. 
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Tablee 2. Correlations between craving scores, reaction times and interference 
scoress of the heroin group. *p<0.05,*p<0.01 

CRAVING G 

OCDUSS total 

Baselinee VAS 

Post-maskedd Stroop 
VAS S 

Post-unmasked d 
Stroopp VAS 

Unmaskedd Stroop 

RT-cue e 

0.50* * 

0.48* * 

0.48* * 

0.59** * 

RT-neutral l 

0.50* * 

0.33 3 

0.41 1 

0.50* * 

Interfer, , 

0.03 3 

0.32 2 

0.15 5 

0.23 3 

Maskedd Stroop 

RT-cue e 

0.46* * 

0.14 4 

0.28 8 

0.27 7 

RT-neutral l 

0.35 5 

0.08 8 

0.23 3 

0.27 7 

Interfer. . 

0.13 3 

0.13 3 

0.05 5 

-0.12 2 

Forr RTs on the masked Stroop no Cue Type x 
Groupp interaction effect was observed, 
F(1,49)=.60,, p=.44. This indicates that RTs 
onn masked heroin cues were not different for 
thee heroin and control group. As with the 
unmaskedd Stroop, higher overall RTs for the 
heroinn group were observed compared to the 
controll group, F(1,49)=4.46, p<.04. 

Craving Craving 
Meann pre-experiment craving was 13.8 
(SD-16.8),, mean post masked Stroop crav-
ingg score was 7.19 (SD-10.7), and mean 
postt unmasked Stroop craving score was 
15.22 (SD=20.2). Oneway repeated meas-
urementt ANOVA with pairwise comparison 
(Bonferonnii adjusted) showed significant 
differencess between post masked Stroop 
andd post unmasked Stroop craving scores 
(p<.05). . 

AA series of correlations was computed be-
tweenn RTs on neutral versus heroin cues, in-
terferencee scores and craving scores (VAS 
andd OCDUS). The correlation between the 
OCDUSS and masked Stroop interference was 
significant.. All correlations between craving 
measuress and RTs are shown in table 2. 

Ass presented in table 2, supraliminal^ 
presentedd neutral cues are correlated with 
cravingg scores as well as with heroin cues. 
Ann additional analysis was employed in or-
derr to control for priming effects. A priming 
effectt may be created when a subject's atten-
tionn on a neutral cue is biased as result of a 
precedingg heroin cue. RTs on the first and 
fourthh neutral cue following a heroin cue 

weree compared using a paired t-test. Data 
examinationn resulted in 41 trials with four 
consecutivee neutral cue presentations. Re-
sultss indicated that the RTs on the first 
(M=8344 ms) of four consecutive neutral 
wordss was significant slower than the RTs on 
thee fourth (M=712 ms) neutral word, 
t(40)=5.27,, p<.001. To control whether this 
primingg effect is also present in heroin cues, 
thee same analysis was performed on four 
consecutivelyy presented heroin cues (41 tr i -
als).. No difference was found between the 
RTss on the first (M=829 ms) and fourth 
(M=9411 ms) heroin cue, t(40)=-1.83, p=.07. 
Inn order to control for this priming effect, ad-
ditionall analysis on the correlations between 
Post-unmaskedd Stroop VAS and RTs on the 
thirdd consecutive neutral cue were per-
formed.. This correlation was not significant, 
r-.14,, p=.53. However, the correlation be-
tweenn the OCDUS score and the third con-
secutivee neutral cue remained significant, 
r= .54,, p=.01. 

InIn addition, extra-hypothetical correla-
tionss were calculated between explicit at-
tentionall bias and history of drug use. No 
significantt correlation was found between 
addictionn duration with interference, r=.08, 
p=.74,, and time in treatment with interfer-
ence,, r=.19, p=.42. However, a significant 
correlationn was found between number of 
previouss treatments and unmasked Stroop 
interference,, r=.52, p<.05. No significant 
correlationss were found between pre-
attentivee bias and drug history. 
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Tablee 1. Verbal reaction times (in milliseconds) 

Maskedd Stroop 
Heroinn cues 
Neutrall cues 

Unmaskedd Stroop 
Heroinn cues 
Neutrall cues 

Heroinn Group 
M M 

703.46 6 
708.93 3 

896.42 2 
832.62 2 

SD D 

163.71 1 
190.24 4 

149.53 3 
144.02 2 

Controll Group 
M M 

629.01 1 
624.79 9 

688.66 6 
681.92 2 

SD D 

81.18 8 
75.90 0 

84.30 0 
86.61 1 

Discussion n 
Thee present study shows for the first time that 
attentionall processes in heroin dependence 
aree biased. Heroin dependent patients proc-
esss heroin related cues selectively, that is, 
moree attentional resources are directed to-
wardss heroin cues compared to neutral cues. 
Thee RT on drug related cues was found to be 
correlatedd with self-reported craving for her-
oin.. In addition, we found no evidence for 
thee existence of a preattentional bias on sub-
liminallyy presented stimuli in this population. 
However,, for one of the craving measures, 
thee OCDUS, a significant relation was ob-
servedd with RTs on subliminal presented 
drugg cues. 

Thee attentional bias found on supralimi-
nallyy presented cues corresponds with other 
studiess addressing cognitive bias in the proc-
essingg of appetitive cues122234. This finding 
indicatess that attentional bias is not exclu-
sivelyy a feature of mood or anxiety disorders, 
butt also exists in motivational states observed 
inn addictive disorders. This finding supports 
thee view of Lang et al.18 that attention is al-
wayss automatically directed to cues that 
havee motivational significance. The behav-
iorall response in these appetitive motiva-
tionall states is opposite to the response ob-
servedd in anxiety disorders. In addictive dis-
orders,, craving represents a feeling of want-
ingg to approach a pleasant stimulus (e.g. her-
oin).. In contrast, in anxiety disorders, patients 
wantt to avoid an aversive stimulus (e.g. a 
spider).. As with physiological measures such 
ass Event Related Potentials4', the occurrence 
off attentional bias can reflect the activation 
off both the approach as well as the avoid-
ancee system. The Stroop task can actually 
makee no statement about motivational va-
lence.. From learning literature it is clear that 

drugg cues may also hold dysphoric or with-
drawall properties3'. The correlations found in 
thee present study between the craving (want-
ing)) and attentional bias, suggest an activa-
tionn of the approach system, not the avoid-
ancee system. More research is needed in or-
derr to clarify the motivational valence of 
drugg cues. 

Cravingg was found to be related to in-
creasedd RT latencies on supraliminal^ pre-
sentedd drug cues. Some authors2238 suggest 
thatt attentional bias for appetitive cues may 
representt an urge to act. Although lack of 
behaviorall measures in the present study 
preventss drawing conclusions that would 
corroboratee this suggestion, the observed re-
lationn between different craving measures 
andd RTs on heroin cues provides some sup-
portt for this hypothesis. 

Inn addition to heroin cues, craving was 
alsoo related to RTs on neutral cues. This latter 
findingg can partly be explained by the ob-
servedd priming effects. When a neutral cue is 
precededd by drug cues, RT on the neutral 
cuee is prolonged. When controlled for this 
primingg effect, there is no longer a correla-
tionn between neutral cues and post-task crav-
ing.. However, the relation between craving 
inn the past week (OCDUS) and RTs on neu-
trall cues is preserved. This suggests that more 
stablee aspects of craving (past week), in con-
trastt to craving directly triggered by cues, is 
relatedd to prolonged RTs on neutral cues. 
Becausee differences between these two as-
pectss of craving are theoretically important, 
furtherr study on these preliminary findings is 
needed. . 

Inn contrast to the attentional bias, we 
foundd no evidence for a preattentive bias for 
drugg related cues in heroin dependence. The 
suggestionn of Lang et a l . " , that the fast proc-
essingg of arousing input may be a general 
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phenomenonn that occurs for both appetitive 
andd aversive cues, could not be confirmed in 
thee present study. No group difference be-
tweenn the heroin group - for which heroin 
cuess have conditioned appetitive properties -
andd control group - for which heroin cues 
havee neutral properties - on the processing of 
subliminall heroin cues was observed. Our 
findingss support the conclusion of Mogg et 
al. i4,, that a bias in preattentive processing 
mayy be a specific feature of anxiety, and is 
nott present in appetitive motivational states. 
AA possible explanation for this finding has 
beenn provided by the evolutionary prepared-
nesss theory of Ohman". According to this 
theory,, fear-relevant stimuli are detected very 
earlyy because of an evolutionary prepared-
ness.. An early detection mechanism for these 
stimulii is effective in locating threats in the 
surroundingg world and necessary for survival 
" .. However, for appetitive stimuli such a 
evolutionaryy preparedness mechanism is not 
requiredd in order to survive. 

Ann alternative explanation for the absence 
off a preattentive bias is that the presentation 
timee of the subliminal cues (28 ms) may have 
beenn too long. Typically, a preattentive bias 
onn threat faces is only evident when stimuli 
aree presented at 17 ms duration. However, 
whenn the same presentation is at 34 ms 
stimuluss duration, preattentive bias is not ob-
served".. One could argue that preconscious 
effectss in heroin addiction may also be de-
pendentt on exactly chosen stimulus dura-
tion.. In addition, from the RT results on the 
Stroopp tasks it can be observed that the sub-
liminall task was easier than the supraliminal 
task.. It may be that the easier task may have 
beenn less discriminating, and less likely to 
reveall group differences as function of cue 
type,, than the more difficult supraliminal 
task.. Finally, the lack of findings on the sub-
liminall task may reflect the overall dysfunc-
tionall cognitive ability of the heroin depend-
entt subjects. Clearly, the influence of preat-
tentivee processes in the processing of motiva-
tionall cues needs further research in a larger 
samplee size or with a more discriminating 
subliminall task. 

Althoughh no preattentional bias is found 
forr drug cues in heroin dependence, a sig-
nificantt relation was found between craving 

andd RTs on masked heroin cues. This finding 
mayy indicate that individual differences 
withinn the heroin group are present. Al-
thoughh no firm conclusions can be drawn 
becausee of the non-significant Group x Word 
typee effect on the Masked Stroop tasks, it 
mayy be that a subgroup of heroin dependent 
patients,, characterized by more frequently 
occurringg obsessive heroin related thoughts 
andd craving, is biased in the processing of 
subliminall heroin cues. Individual differ-
encess in these characteristics on information 
processingg are also found in a previous study 
onn cocaine dependent patients10. In this latter 
study,, in which a dot-probe task was em-
ployed,, the correlation between RT and crav-
ingg was only found significant in the short 
cuee presentation time (100 ms), not in the 
longg presentation time (500 ms). These pre-
liminaryy findings should be examined in fur-
therr research. 

Ass discussed above, the relation between 
cravingg and prolonged RT on primary (color 
naming)) task in the presence of an addition-
allyy presented drug cue is unclear. Juliano 
andd Brandon'6 found indications that pro-
longedd RTs do not exclusively reflect cogni-
tivee processing of smoking urges, but also 
reflectss cognitive attempts to cope with these 
urges.. In addition, drug abuse patients may 
devotee cognitive resources towards inhibiting 
thee preparatory responses48. The present 
studyy provides preliminary indications that, 
inn a subpopulation of heroin dependent pa-
tientss characterized as high cravers, pro-
longedd RT is not associated with the directing 
off limited capacity resources towards inhibit-
ingg the preparatory response. If words are not 
consciouslyy perceived it is unlikely that these 
subliminall presented cues trigger coping 
strategies.. In addition, our data suggest that 
thee subliminal presented words do not result 
inn increased craving. 

Thee present study indicates that in addi-
tionn to subjectively experienced craving, 
cognitivee bias is present in addictive behav-
ior,, thus stressing the need for additional 
therapeuticc interventions aimed at these 
cognitivee processes. The effectiveness of cur-
rentlyy applied cognitive interventions aimed 
att self-regulation may be limited by the "oc-
cupation"" of the subject's attentional capac-
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i tyy by drug-re lated s t imu l i . W h e n the heroin 

dependen tt subject is g r ipped by c rav ing and 

exper iencess a h igh urge to act, the subject 

w i l ll not be impeded by the m e m o r y o f nega-

t i vee consequences of d rug taking2 4 . Informa-

t i o nn processing models of add ic t i on may 

con t r i bu tee to our current unders tand ing of 

c rav ingg and con t inued d rug use and relapse, 

andd may prov ide impor tant clues for the fu-

turee deve lopment o f t reatment interventions. 

Recentt add ic t ion theories stress the impor-

tancee of mot iva t iona l propert ies of sub-

stancess o f abuse9 and the re la t ion between 

thee add i c t i on and neurob io log ica l processes 

inn the bra in 4 6 ' ' . Crav ing and at tent ional proc-

essess may result f r om a c o m m o n neural 

p a t h w a y .. For examp le , Robinson and Ber-

ridge411 not ice the re lat ion be tween addict ive 

processes,, the hypersensi t iv i ty of the 

meso l imb i cc dopaminerg ic system and the 

increasedd attent ion on d rug cues. Further-

more ,, the f indings of the present study may 

con t r i bu tee to improvements in the assess-

men tt of c rav ing. As w i t h a l coho l studies1', 

thee assessment of sel f - reported c rav ing has to 

bee i m p r o v e d by future studies. A lbe i t , atten-

t iona ll bias may p rov ide a more object ive 

measuree of an ind iv idua l ' s d rug approach 

tendencyy than sel f - reported craving4 2 . 

Inn general , it can be c o n c l u d e d that the 

a b n o r m a ll in format ion processing w i t h i n the 

appet i t i vee system - and its related disorders 

suchh as substance abuse, eat ing disorders, 

andd gamb l ing - needs further study. Given 

thee h igh prevalence and distress caused by 

thesee disorders, it is str ik ing that studies ad-

dressingg the abnorma l appet i t ive system are 

scarce,, whereas o n the abnormal 

fear /avo idancee system cons iderab le know-

ledgee is co l lec ted in the last decades14 ' \ 
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