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Abstract 

Background: Alcohol dependence (AD) is a prevalent problem characterized by a 

high relapse risk. The “incentive salience sensitization" theory of addiction proposes 

that alcohol exposure progressively sensitizes the brain circuitry related to attributing 

incentive salience to reward-predicting stimuli, which manifests in cue-triggered 

behavior. The Pavlovian-to-instrumental transfer (PIT) and the approach bias (ApB) to 

alcohol are two widely investigated cue-related effects in AD. Both effects have been 

linked to the development, maintenance, and relapse in AD. The studies in my 

dissertation investigated: (1) whether the opioid system, which has been associated 

with the alcohol ApB, interacts with the PIT effect; (2) whether the alcohol ApB is 

associated with PIT; and (3) whether the cognitive bias modification (CBM) training 

targeting on the alcohol ApB impacts on PIT effects. 

Methods: Patients with AD (n = 186), young healthy subjects (n = 161), and middle-

aged healthy subjects (n = 105) conducted a PIT task in study 1 of this dissertation. 

Genotyping was performed on whole blood samples to assess the A118G (rs1799971) 

polymorphism of the opioid receptor mu-1 (OPRM1) gene, which has been shown to 

influence the affinity of the mu-opioid receptor. In study 2 of this dissertation, 100 

patients with AD who performed both the alcohol approach/avoidance task and the 

PIT were examined. In study 3, patients with AD (n = 95) completed the CBM or 

placebo training and performed PIT tasks (n = 81) as well as the alcohol 

approach/avoidance task (n = 88) before and after training. 

Results: OPRM1 G-allele carriers compared to non-G-allele carriers showed a 

stronger PIT effect in all three groups. Interestingly, this gene-behavior association 

was present in prospectively relapsing but not in abstaining patients with AD. The 

alcohol ApB was associated with both behavioral and neural PIT effects in patients 

with AD. Moreover, this behavioral association was associated with the severity of AD 

and trait impulsivity. The CBM training did not significantly affect the PIT effects nor 

the alcohol ApB.  
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Conclusion: Findings of this dissertation highlight the role of the opioid system in 

Pavlovian mechanisms in humans that manifests in the PIT effect, which has 

implications for the treatment of AD. Furthermore, the results indicate an association 

between PIT, impulsive decision making, and a bias towards alcohol approach. 

However, the CBM intervention did not interact with mechanisms assessed by our 

PIT paradigms and may thus not be useful to target Pavlovian mechanisms in human 

alcohol addiction. 

 

Zusammenfassung 

Hintergrund: Alkoholabhängigkeit ist durch ein hohes Rückfallrisiko gekennzeichnet. 

Die „Incentive Salience Sensitization Theorie” der Sucht geht davon aus, dass 

chronischer Alkoholkonsum jene Schaltkreise im Gehirn, die mit der Zuschreibung 

von Bedeutsamkeit belohnungsrelevanter Reize zusammenhängen, für Alkoholreize 

sensibilisiert. Der Pawlowsch-Instrumentelle Transfer (PIT) Effekt sowie ein Alkohol-

Annäherungsbias sind zwei in der Literatur beschriebene Effekte, die Folgen einer 

solchen Sensibilisierung gegenüber Suchtreizen sein können. Beide Effekte wurden 

mit der Entwicklung, Aufrechterhaltung und dem Rückfall bei Alkoholabhängigkeit 

assoziiert. In dieser Dissertation untersuchte ich, (1) ob das Opioidsystem, das mit 

dem Alkohol-Annäherungsbias in Verbindung gebracht wurde, auch an PIT Effekten 

beteiligt ist, (2) ob der Alkohol-Annäherungsbias mit dem PIT-Effekt in Verbindung 

steht, und (3) ob ein Training zur Modifikation der kognitiven Verzerrung (CBM), 

welches auf eine Reduktion des Alkohol-Annäherungsbias, auch den PIT-Effekt 

beeinflusst. 

Methoden: Patienten mit Alkohoholabhängigkeit (n = 186), junge gesunde Probanden 

(n = 161) und gesunde Probanden mittleren Alters (n = 105) führten in Studie 1 dieser 

Dissertation eine PIT-Aufgabe durch. Es wurde ein OPRM1-Polymorphismus 

genotypisiert, der die Affinität des mu-Opioidrezeptors beeinflusst. In Studie 2 wurden 

100 Patienten mit Alkoholabhängigkeit untersucht, die sowohl die Alkohol-

Annäherungs-/Vermeidungsaufgabe als auch die PIT-Aufgabe durchführten. In Studie 
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3 absolvierten Patienten mit Alkoholabhängigkeit (n = 95) ein CBM- oder Placebo-

Training und führten vor und nach dem Training die PIT-Aufgabe (n = 81) sowie die 

Alkohol-Annäherungs-/Vermeidungs-Aufgabe (n = 88) durch. 

Ergebnisse: Studie 1: OPRM1 G+ Träger zeigten im Vergleich zu G- Trägern einen 

stärkeren PIT-Effekt. Diese Gen-Verhaltens-Assoziation war bei Patienten, die 

prospektiv rückfällig wurden, nicht aber bei abstinenten alkoholabhängigen Patienten 

zu beobachten. Studie 2: Bei Patienten wurde der Alkohol-Annäherungsbias sowohl 

mit dem verhaltensbezogenen als auch mit dem neuronalen PIT-Effekt in Verbindung 

gebracht. Darüber hinaus war diese Verhaltensassoziation mit dem Schweregrad der 

Erkrankung und der Impulsivität assoziiert. Studie 3: Das CBM-Training wirkte sich 

weder auf den PIT-Effekt noch auf dem Alkohol-Annäherungsbias aus.  

Schlussfolgerung: Die Ergebnisse dieser Dissertation unterstreichen die Rolle des 

Opioidsystems für den Einfluss Pawlowscher Reize auf das menschliche Verhalten, 

der sich im PIT-Effekt manifestiert. Darüber hinaus zeigen die Ergebnisse einen 

signifikanten Zusammenhang zwischen impulsiver Entscheidungsfindung, der 

Alkohol-Annäherungsbias und den Veränderungen der Reaktivität auf Pawlowsche 

Anreize hin. Die CBM-Intervention interagierte dagegen nicht mit den Mechanismen, 

die in dem von uns genutzten PIT-Paradigma untersucht wurden. 
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1. Introduction  

Alcohol consumption is widespread in Germany with around 18% of adults reporting 

harmful use of alcohol [1, 2] and around 3.6% meeting the clinical criteria of alcohol 

dependence (AD) [3]. A critical characteristic of AD is the high incidence of relapse 

despite patients’ desire to remain abstinent [4]. It is widely hypothesized that alcohol-

related cues can elicit relapse [5]. According to the “incentive salience sensitization” 

theory of addiction, alcohol exposure has the ability to sensitize the brain circuitry 

related to attributing incentive salience to reward-predicting stimuli, as evidenced by 

cue-related behavior [6, 7]. In this dissertation, we focused on two tasks that have 

been used to investigate the cue-related behavior in research on AD: the Pavlovian-

to-instrumental transfer (PIT) task, and the alcohol approach/avoidance task (aAAT). 

Studies provided evidence of these two tasks in association with the development, 

maintenance and relapse of AD, and their implications for treatment [e.g. 8, 9-12]. 

1.1 Pavlovian-to-instrumental transfer (PIT) 

Pavlovian learning (or in other words, conditioned learning) describes a process in 

which a neutral stimulus (conditioned stimulus; CS) gains incentive salience when it 

repeatedly appears with a reward (unconditioned stimulus; US) [13]. PIT is a well-

established paradigm to quantify the impact of Pavlovian cues on instrumental 

behavior. In PIT, Pavlovian CS-US associations are trained separately from 

instrumental response – outcome contingencies in subjects. Subsequently, 

instrumental behavior is assessed in the presence of Pavlovian CSs, usually under 

(nominal) extinction conditions (i.e., outcomes are not delivered during the test) [14].  

To date, a variety of PIT paradigms have been utilized. Some studies focused on 

appetitive PIT: the effect of Pavlovian CS predicting an appetitive outcome on 

enhancing instrumental behavior that leads to the appetitive outcome [for a review, 

see 14], and other studies examined aversive PIT: the effect of aversive outcome-

predictive Pavlovian CS on inhibiting approach to an appetitive outcome [e.g., 15, 16] 
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or on promoting response to cancel the aversive outcome [e.g., 17, 18]. Moreover, 

studies have disentangled outcome-specific PIT and general PIT that are 

underpinned by different neural substrates [19]. Outcome-specific PIT refers to the 

situation where the Pavlovian CS previously paired with a reward promotes 

instrumental behavior that leads to the same reward, whereas in general PIT a CS 

enhances instrumental behavior regardless of the identity of the reward [20, 21]. 

Research suggested that the nucleus accumbens (NAcc) shell mediates the 

outcome-specific PIT effect, whereas NAcc core mediates the general PIT effect [19].  

1.1.1 Animal research on PIT 

The interaction between Pavlovian and instrumental learning has been observed in 

animal studies a few decades ago. For instance, in a study conducted by Rescorla 

and Lolordo (22), dogs increased bar pressing to prevent shock when hearing a tone 

previously associated with shock (CS). Following that study, abundant animal studies 

have investigated PIT in addiction research [e.g., 23, 24-29]. Drug-related cues 

enhanced PIT effects in drug-exposed rats [23, 24]. Moreover, cues predicting 

ethanol delivery facilitated reward seeking for both ethanol and non-ethanol reward 

(i.e., a general PIT effect) [23].  

In addition to drug-related cues, there are studies applying non-drug-related cues in 

PIT to study a general impact of drug use and addiction on cue-related behavior. 

Increased non-drug-related PIT effects were observed in rats repeatedly exposed to 

cocaine [25-28]. Comparably, mice chronically exposed to ethanol vapor showed 

enhanced non-ethanol-related (i.e., reward of food) PIT effects [29]. These findings 

suggest a general alteration in cue processes and motivational behavior caused by 

repeated exposure to drugs. 

1.1.2 Human research on PIT 

Following animal studies, PIT has been applied in human addition research, including 

alcohol use and dependence. Alcohol-related PIT effects were observed in nonclinical 

samples of social drinker [30-33]. This PIT effect was observed irrespective of alcohol 
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devaluation [32], but was not associated with craving [33] or alcohol consumption 

measured by the Alcohol Use Disorder Identification Test [30]. However, by applying 

a non-drug-related PIT paradigm that presents monetary Pavlovian CSs when 

participants performing an instrumental task to obtain monetary rewards or avoid 

monetary losses, our research group observed enhanced PIT effects in social 

drinkers with high-risk drinking compared to those with low-risk drinking [8, 34].  

In addition to social drinkers, clinical samples of patients with AD have been 

investigated in several studies to examine the clinical relevance of PIT in AD. Our 

research group established and validated PIT tasks involving both drug-related and 

non-drug-related cues in patients with AD [35]. In the PIT tasks, participants 

completed an instrumental task to obtain monetary rewards or avoid monetary losses, 

while the Pavlovian cues that are associated with monetary outcomes or drink cues 

(i.e., alcohol or water pictures) were presented in the background. The non-drug-

related PIT effect was more pronounced in patients with AD compared with non-

dependent controls [9, 11, 35]. Moreover, the behavioral non-drug-related PIT was 

found to be associated with prospective relapse risk in patients with AD [36]. The 

alcohol cues, however, surprisingly inhibited instrumental button pressing for a 

monetary outcome, compared to water cues [11, 35], and this inhibitory drug-related 

PIT effect was observed in patients with AD but not in controls. Different findings were 

reported in another study using a PIT paradigm with outcome of snacks, in which 

differences were not found either between patients and controls, or between 

subsequent relapsers and abstainers, in either general or outcome-specific PIT [37]. 

The null findings may be explained, at least in part, by the limited sample size in that 

study [37], or might be associated with the type of reward used in PIT tasks.  

1.1.3 Neurobiological correlates of PIT in nucleus accumbens 

Neurobiological correlates of PIT have been studied in both animal and human 

research. Applying functional magnetic resonance imaging (fMRI), areas of the 

ventromedial prefrontal cortex, putamen, amygdala, and NAcc were identified to be 
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associated with PIT [e.g., 9, 18, 38, 39-43]. We focused on the NAcc in this 

dissertation (study 2) concerning imaging PIT data, in line with previous studies of our 

research group [9, 43]. The NAcc plays an essential role in the human reward system 

[44], and was found to be correlated with both salience and valence during incentive 

anticipation [45]. In research on AD, heavy drinkers were found to have an enhanced 

activity in the NAcc in response to alcohol cues than light drinkers [46]. Furthermore, 

the activation in the NAcc induced by alcohol cues was associated with the severity of 

alcohol use disorder [47] and subjective craving in patients with AD [48]. In addition, it 

differentiated subsequent abstainers and relapsers [49]. Using the PIT task in clinical 

sample of patients with AD, our research group also observed activation in the left 

NAcc elicited by non-drug-related PIT among patients with AD as well as healthy 

controls (HCs), with the activation being greater in prospective relapsers than 

abstainers [9]. Activation in the NAcc induced by alcohol versus water cues in the 

drug-related PIT task was also observed, which was stronger in patients than in HCs 

and in prospective abstainers than in relapsers [43]. 

The neurotransmitter dopamine in NAcc functioning plays an important role in drug 

addiction [50]. It has long been known that drugs of abuse affect the dopamine 

transmission [51]. Less availability of dopamine D2-like receptors in the NAcc may 

represents a down regulation, and was displayed in patients with AD, and was 

associated with alcohol craving [52]. In one study using PIT, phasic dopamine release 

in the NAcc was observed in rats in response to reward-paired cues, and this was 

positively correlated with the general PIT effect [53]. In another study, rats that were 

administrated nonspecific dopamine antagonists showed reduced outcome-specific 

PIT effect [54].  

1.1.4 Opioid system and incentive salience 

In addition to the dopaminergic system, recent findings indicate that the opioid system 

also plays a role in the attribution of incentive salience [55], beyond its role in hedonic 

modulation that has long been postulated [56]. Animal studies revealed that the opioid 
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system is involved in motivation to different types of rewards guided by available cues 

[57], and choice decisions influenced by Pavlovian stimuli [58, 59]. In another study, 

researchers compared the ability of mu opioid stimulation to dopamine stimulation in 

the NAcc to amplify cue-triggered incentive salience measured by a PIT task, and 

observed similar amplification effects by both substances [60]. Research further 

suggests distinct functions of mu- and delta- opioid receptors across different brain 

regions such as the amygdala and the NAcc [58, 61].  

In human research, evidence supports the involvement of the mu- opioid system in 

value-based decision making in healthy subjects who showed increased preference 

for the stimulus associated with a high monetary reward probability [62]. The 

involvement of the mu- opioid system was also implicated in social motivation, as 

pharmacological manipulation of the mu- opioid system affected both the “liking” of 

the opposite-sex faces and the motivation for viewing those faces [63]. In patients 

with AD, the unspecific opioid receptor antagonist naltrexone decreased activation in 

the ventral striatum induced by alcohol cues [64]. The function of the opioid system in 

PIT, however, has been less studied. In Weber et al. [65], an outcome-specific PIT 

task with the reward of chocolate was conducted by healthy subjects. Opioid receptor 

antagonist naltrexone suppressed the PIT effect, although the impact was less 

pronounced compared with a dopamine D2/D3 receptor antagonist [65].  

1.2 Alcohol approach bias (ApB) and cognitive bias modification (CBM) training  

Another area of research concerning the incentive salience of drug-related cues in 

addiction focuses on cue-driven behavioral biases, such as an automatic approach 

bias (ApB), for instance, a quick response to “approach” alcohol cues rather than to 

“avoid” them. This ApB to alcohol has been found to be greater in heavy drinkers than 

in light drinkers [e.g., 66, 67], and stronger in patients with AD compared with controls 

[e.g., 68]. One frequently used paradigm in laboratory research on AD is aAAT, the 

alcohol version of the approach/avoidance task [e.g., 69, 70]. Using aAAT, research 

found that the baseline alcohol ApB was predictive of future drinking [71]. Genetically, 
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the alcohol ApB was found to be related to the A118G (rs1799971) polymorphism of 

the opioid receptor mu-1 (OPRM1) gene [69], with OPRM1 G-allele carriers (G+ 

carriers) displaying a stronger alcohol ApB in male heavy drinkers than non-G-allele 

carriers (G- carriers) [69]. The OPRM1 A118G polymorphism influences the affinity of 

the mu-opioid receptor, such that the G variant causes a threefold increase in the 

binding affinity for beta-endorphin compared to the A variant [72]. 

In line with these findings, cognitive bias modification (CBM) training developed to 

retrain the automatic ApB to alcohol stimuli (hereafter the term “CBM training” in this 

dissertation specifically refers to alcohol ApB retraining) showed efficacy to reduce 

the relapse risk [10, 12, 73-76]. For example, in the first clinical study that applied 

CBM training targeted on alcohol ApB, patients with AD in the CBM training group 

were trained to avoid alcohol pictures, while other patients conducted the sham 

training (i.e., subjects had to approach and avoid alcohol and non-alcohol pictures 

equally) or received no training [10]. Patients in the CBM training condition shifted 

from an ApB to alcohol at baseline to an avoidance bias following training, and were 

less likely to relapse in a 1-year follow-up compared to the control groups [10]. 

Incongruent findings on the effect of CBM training, however, were reported in several 

studies, including a nonsignificant effect on the alcohol ApB in individuals with AD [77, 

78], or heavy drinkers [79-83], and no effect on future alcohol drinking in heavy 

drinkers [79, 80] or high-risk young adults [84]. A recent systematic review suggests 

that CBM training exerts its effects mainly on individuals with more severe forms of 

AD [85]. Considering the mixed findings, the mechanisms for the efficacy of CBM 

training should be further investigated. Some studies suggest that the CBM effect on 

reducing relapse risk or alcohol drinking is modulated by the change of the alcohol 

ApB [e.g., 12, 86]. In other studies, CBM training effect generalized to other cue-

related effects, such as reduced implicit alcohol-approach associations [10, 70], 

decreased behavioral arousal ratings to alcohol cues and cue reactivity in the 

amygdala [77]. These findings imply that CBM training might work on a more general 

effect on cue-guided behavior.  
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1.3 PIT and alcohol ApB 

Although the relationship between PIT and the alcohol ApB has not been directly 

examined, findings suggest an association between them: both PIT and the alcohol 

ApB have been linked to AD, and have clinical relevance in treatment outcome of AD. 

Using fMRI, the NAcc was found to be correlated with both the PIT [e.g., 9, 39] and 

the alcohol ApB [68]. Furthermore, the opioid system is implicated in both effects, as 

the opioid receptor antagonist naltrexone suppressed the outcome-specific PIT effect 

[65], and male heavy drinkers who are OPRM1 G+ carriers exhibited a greater 

alcohol ApB than G- carriers [69]. From a theoretical perspective, both PIT and the 

alcohol ApB are cue-guided behavior and could be manifestations of incentive 

salience attribution to relevant stimuli [6]. According to “dual-process” accounts, the 

alcohol ApB manifests when an automatic system is activated and cognitive control is 

weakened [87], while the PIT effect in people with AD has been associated with 

impulsive choice measured by a delay-discounting task [11]. 

1.4 Questions and hypotheses 

In this dissertation, three studies were conducted to investigate three questions. 

1. Is a genotype affecting receptor affinity in the opioid system associated with 

the non-drug-related PIT effect in patients with AD and healthy control subjects? 

Does this association differ between patients with AD and controls, and 

between prospectively relapsing and abstaining patients? 

In study 1 [88] of this dissertation, three groups (detoxified patients with AD, 

middle-aged healthy control subjects, and young healthy subjects) were examined 

with a non-drug-related PIT task using monetary rewards. The interindividual 

difference in the opioid system in this study was quantified by A118G (or 

ASN40Asp) single nucleotide polymorphism of the OPRM1 gene. It was 

hypothesized that OPRM1 A118G polymorphism is associated with the non-drug-

related PIT effect in all three groups, and this association is stronger in patients 
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with AD compared with age-matched healthy subjects, and stronger in prospective 

relapsers compared with abstainers. 

2. Is alcohol ApB associated with the non-drug-related PIT effect in patients with 

AD?  

In study 2 [89] of this dissertation, recently detoxified patients with AD conducted 

both the aAAT and the non-drug-related PIT task. We hypothesized that the 

strength of the alcohol ApB is associated with the behavioral non-drug-related PIT 

effect and neural PIT effect in the NAcc. Furthermore, we examined whether the 

behavioral association is further associated with the severity of AD and trait 

impulsivity, and whether it differs between prospective relapsers and abstainers.  

3. Does the CBM training targeting on alcohol ApB impact the PIT effects in 

patients with AD? 

In study 3 [90] of this dissertation, patients with AD received CBM or placebo 

training, and conducted the aAAT, drug-related and non-drug-related PIT tasks 

prior to and following the training. We hypothesized that CBM training would 

reduce patients’ alcohol ApB, non-drug-related PIT effect, and increase the 

inhibition effect of alcohol cues in drug-related PIT. In addition, we explored 

whether CBM training reduces relapse risk in patients with AD.  

 

2. Methods  

2.1 Participants  

Data were acquired from a bi-centric study that was conducted in Berlin and Dresden, 

Germany (ClinicalTrials.gov identifiers: NCT01744834, NCT01679145 and 

NCT02615977). All studies were approved by the ethic committee of Charité-

Universitätsmedizin Berlin (EA1/267/14, EA/1/157/11 and EA1/268/14). 
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Three different groups (i.e., recently detoxified patients with AD, sex- and age-

matched non-dependent healthy controls, and unmatched young healthy subjects) 

were recruited and assessed between 2012 and 2018. Patients with AD were 

followed up to until 2019. The inclusion criteria for participants were described in the 

publications of this dissertation [88-90]. Briefly, none of the participants had a history 

of substance dependence (expect for alcohol for patients with AD) or current 

substance use (except for tobacco); neurological disorders or DSM-IV axis 1 

psychiatric disorders according to Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition, Text Revision [DSM-IV-TR; 91, 92]; medication that 

interacts with the central nervous system; and withdrawal symptoms. Patients with 

AD met the diagnosis criteria of AD according to DSM-IV-TR and were recently 

detoxified. The analyzed cohorts and sample size of the main analyses in the three 

studies of this dissertation are shown in Figure 1. Detailed demographic and clinical 

characteristics of participants can be found in the original publications [88, 90].  

Patients with AD were followed up after study participation with the Time Line Follow 

Back procedure [93]. Relapse was defined as consuming ≥ four or five standard 

drinks on one drinking occasion for female and male respectively, according to the 

definition of high-risk consumption by World Health Organization [94]. In study 1 [88], 

patients’ relapse status was determined by a 3-month follow-up, while study 2 [89] 

and 3 [90] used a 6-month follow-up . 

 

Figure 1. Analyzed cohorts and sample sizes in the three studies of this dissertation. 

Abbreviations: AD = alcohol dependence; CBM = cognitive bias modification; HC = healthy 

control. Originally created figure. 
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2.2 Tasks and procedures 

2.2.1 Pavlovian-to-instrumental transfer task 

The PIT task has been introduced in all the three publications of this dissertation [88-

90]. Briefly, there were four parts in the PIT task (see Figure 2). The first part was 

instrumental learning, in which participants learned to emit a go or a no-go response 

to six shells via probabilistic reward outcome. The second part was Pavlovian 

learning, in which participants passively viewed and remembered the presence of a 

conditioned stimulus (CS; a fractal image compound with an audible tone; five CSs 

were used) followed by an unconditioned stimulus (US; -2 vs. -1 vs. 0 vs. +1 vs. +2 

euros). In the third part, participants performed the transfer test, in which the go/no-go 

instrumental task was conducted while the CSs from the Pavlovian learning tiled the 

background. The transfer test was performed in a fMRI scanner. The MRI acquisition 

parameters were reported in in Chen et al. [89]. In the fourth phase, participants 

conducted a forced-choice task, that is, they had to choose a CS from two 

simultaneously presented CSs.  

In addition to the PIT trials with Pavlovian CSs presented in the background (non-

drug-related PIT), participants completed trials in which alcohol and water pictures 

were used as background stimuli (drug-related PIT). The drug-related PIT was 

examined in study 3 [90] of this dissertation.  
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Figure 2. The PIT paradigm.  

(A) Instrumental learning. In a go-trial, collecting the shell by repeatedly pressing the button 

and moving the red dot towards the presented shell will result in a 20-cent reward with 80% 

probability or a 20-cent loss with 20% probability, while leaving the shell by no responses or 

less than five button presses will result in a 20-cent loss with 80% probability or a 20-cent 

reward with 20% probability. The outcome feedback of win or loss is presented following the 

response. The probability of win and loss for a no-go trial is reversed (not depicted here). 

Participants need to finish at least 60 trials and reach 80% accuracy over 16 trials or 

complete the whole 120 trials to end the instrumental learning. (B) Pavlovian learning. A 

conditioned stimulus (CS; compounded of a fractal image and an audio stimulus; five CSs in 

total) is presented paired with a monetary stimulus (unconditioned stimulus, US; +2€, +1€, 0€, 

-1€, -2€). Participants watch and memorize the Pavlovian CS – monetary US pairings. Eighty 

trials are conducted. (C) Pavlovian-to-instrumental transfer. The instrumental task (i.e., collect 

or leave the shell) is conducted with a Pavlovian CS tiling the background. There was no 

outcome feedback in this part to avoid further instrumental learning (nominal extinction). 

Participants performed 90 trials. In addition, there are 72 trials in which alcohol or water 

pictures are used as the background stimuli. (D) The forced choice task. The participant 

needs to choose one from two simultaneously presented Pavlovian CSs. Modified from Chen 

et al., 2022 [89]. 

 

2.2.2 Alcohol approach/avoidance bias task  

The aAAT applied in this dissertation was modified from Wiers et al. [10] to assess 

patients’ alcohol ApB. Pictures of alcohol or soft drink were randomly presented 

inclined 3° to the left or right, in alignment with Cousijn et al. [95], and patients 

responded with a joystick according to the inclination of the picture. For example, one 

needed to push the joystick if the picture is inclined to the left and pull if inclined to the 

right (see Figure 3). The association between reaction (push/pull) and inclination 

(left/right) was randomized among participants.  
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Figure 3. The alcohol approach/avoidance task. 

In the depicted example, a push movement is required for a picture that is inclined to the left. 

A zooming-out effect shows upon pushing the joystick. Similarly, a right-inclined picture 

requires a pull movement, which leads to a zooming-in effect. Participants complete 168 trials. 

Modified from Chen et al., 2022 [89]. 

 

2.2.3 Cognitive bias modification training 

The CBM training used in this dissertation was adapted from the aAAT. In the CBM 

training condition, all alcohol pictures were presented with an inclination requiring a 

push movement and all soft drink pictures with an inclination requiring a pull 

movement [90]. In the placebo training condition, pictures of alcohol and soft drink 

were randomly presented inclined to the left or right, as in the original aAAT.  

2.3 Association between OPRM1 A118G polymorphism and non-drug-related 

PIT 

Study 1 [88] investigated the association between behavioral non-drug-related PIT 

and OPRM1 A118G Polymorphism in three groups (n = 186 patients with AD, n = 161 

young controls, and n = 105 middle-aged controls). Participants conducted the PIT 

task introduced above. Whole blood samples were genotyped for the A118G 

polymorphism of the OPRM1 gene [88]. Based on the presence of the G allele, 

participants were categorized into G+ (AG and GG) and G- (AA) carriers.  
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2.4 Association between alcohol ApB and non-drug-related PIT 

Study 2 [89] investigated the association between alcohol ApB and the non-drug-

related PIT effect at both the behavioral and the neural level in patients with AD. N = 

100 patients with AD who completed the PIT task and the aAAT were included in 

behavioral analysis, among which the fMRI PIT data were available for analysis in n = 

72 patients. Participants fulfilled the Barratt Impulsiveness Scale-15 [BIS-15; 96] that 

measures the trait impulsivity, and the Alcohol Dependence Scale [ADS; 97] that 

measures the severity of AD.  

2.5 CBM training on PIT  

In study 3 [90], patients were randomly allocated to the CBM or placebo training 

group. The PIT task and the aAAT were conducted twice: once before the training to 

assess the baseline, and once after the training. Six training sessions were planned in 

total as suggested in previous literature [98]. After data cleaning, n = 95 (55/44 in the 

CBM/placebo training group respectively) patients with AD who finished the whole six 

sessions (no more than one missing session) were included into analyses. Among 

those patients, n = 88 completed the aAAT, and n = 81 completed the PIT tasks 

before and after the training.  

2.6 Data analyses 

Data analyses were conducted using the R programming language [99]. In all 

publications of this dissertation, the behavioral non-drug-related PIT data were 

analyzed using generalized linear mixed-effect models (GLMM; lme4 R package 

[100]), with the instrumental condition (go vs. no-go) and the valence [negative vs. 

neutral vs. positive; 88] or the value [+2, +1, 0, -1, -2; 89, 90] of Pavlovian CS as the 

basic predictors on trial-by-trial accuracy [88] or the number of button presses [89, 90] 

in the transfer test. In study 1 [88], in order to examine the association of the OPRM1 

polymorphism with the PIT effect, information on the OPRM1 polymorphism (G− vs. 
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G+), as well as its interaction with the other two predictors of PIT (i.e., instrumental 

condition and Pavlovian CS valence), were included in the fixed effects of the model 

to regress the trial-by-trial accuracy (correct/incorrect). This analysis was conducted 

separately for the three groups (i.e., patients with AD, middle-aged HCs, young HCs). 

In addition, two analyses of the association between the OPRM1 polymorphism and 

PIT were conducted, comparing between patients and matched controls, and 

between prospective relapsers (n = 51) and abstainers (n = 94). For that, the group 

factor (AD patients vs. matched HCs, or realpsers vs. abstainers) and the interaction 

terms were included in the models.  

To quantify participants’ alcohol ApB in aAAT, the median reaction times (RT) to each 

drink category (alcohol or soft drink) under each movement condition (push or pull) 

were extracted for each participant. The alcohol ApB was reflected by a calculated D-

diff score, which is the median RT difference between pushing and pulling alcohol 

pictures relative to soft drink pictures [90]. Therefore, a positive D-diff score reflects 

an ApB to alcohol relative to water cues, and a negative D-diff score reflects an 

avoidance bias to alcohol relative to water cues. To measure the association between 

alcohol ApB and behavioral PIT, study 2 of this dissertation added the predictor of the 

aAAT D-diff score as well as interaction terms in the GLMM to analyze participants’ 

trial-by-trial number of button presses. In addition, it was further investigated if the 

severity of AD or the trait impulsivity is involved in the association between the 

alcohol ApB and behavioral PIT by adding the ADS score or the BIS-15 score as an 

additional predictor in separate GLMMs. For neural PIT analysis, a parametric 

modulator for non-drug-related PIT was established in the single-subject level 

analysis in Statistical Parametric Mapping 12 [101], which was calculated as the 

multiplication product of the Pavlovian CS value and the log-transformed number of 

button presses. Individual contrast images were subjected into a group analysis in 

which the aAAT D-diff score was added as a covariate. Small volume correction was 

used to restrict the search area in region of interest in bilateral NAcc (derived from  

Wake Forest University (WFU) PickAtlas software [102]) based on previous
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observations [9, 39]. In addition, we explored the differences between prospective 

relapsers and abstainers in the alcohol ApB – PIT association. 

In study 3 [90], in order to assess the impact of CBM training on the non-drug-related 

PIT, the GLMM included predictors of the training condition (CBM vs. placebo 

training), assessment time (pretest vs. posttest) and the interaction terms with 

Pavlovian CS value and instrumental condition to analyze trial-by-trial number of 

button presses. Similar analyses were conducted to investigate the impact of training 

on drug-related PIT, with beverage type (alcohol vs. water) instead of Pavlovian CS 

value included in the model. In addition, with regard to the training effect on the 

alcohol ApB, a linear mixed-effect model (LMM) with predictors of training condition 

and assessment time was established to predict the D-diff score. We further explored 

whether CBM training reduced the relapse risk in patients with AD by comparing the 

proportion of relapsers in two training groups using chi-squared test. 

 

3. Results  

3.1 Association between OPRM1 A118G polymorphism and non-drug-related 

PIT  

GLMM results demonstrated a stronger PIT effect in OPRM1 G+ carrier than G- 

carriers in all three groups (instrumental condition × Pavlovian valence × OPRM1 

polymorphism: p = .002/.011/<.001 and χ2 = 12.72/9.03/20.69 respectively for patients 

with AD, middle-aged controls, and young controls; see Figure 4) [88]. This OPRM1 

polymorphism – PIT association did not differ between patients and age-matched 

controls (instrumental condition × Pavlovian valence × OPRM1 polymorphism × group: 

p = .85). When comparing subsequent relapsers (n = 51) and abstainers (n = 94), a 

significant group difference was present in the association between OPRM1 

polymorphism and PIT (instrumental condition × Pavlovian valence × OPRM1 
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polymorphism × relapse: χ2 = 30.35, p < .001). Post-hoc tests indicated that this 

gene-behavior association was significant only in relapsers (p < .001) but not in 

abstainers (p = .33), see Figure 5. In G+ carriers, prospective relapsers exhibited a 

stronger non-drug-related PIT effect than abstainers (p < .001), while no significant 

difference in PIT was shown between relapsers and abstainers who are G- carriers (p 

= .09). Further detailed results can be found in the original publication [88]. 

 

 

Figure 4. Non-drug-related PIT effect as a function of OPRM1 polymorphism in three 

groups: alcohol-dependent patients, middle-aged controls, and young controls. 

The PIT effect in study 1 of this dissertation was reflected as the influence of Pavlovian CS 

valence (negative, neutral, or positive) on the accuracy of the instrumental response in the 

transfer test. Positive CSs enhanced accuracy in instrumental go trials, and decreased 

accuracy in no-go trials, vice versa for the effect of negative CSs, as shown by the slope of 

the lines. In all three groups, the non-drug-related PIT effect was associated with the OPRM1 

polymorphism [88]. That is, G+ carriers showed a stronger PIT effect than G− carriers. 

Modified from Sebold et al., 2021 [88].  
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Figure 5. Non-drug-related PIT effect in prospectively abstaining and relapsing alcohol-

dependent patients with a follow-up of three months.  

The OPRM1 polymorphism – PIT association was stronger in future relapsers compared to 

abstainers. Modified from Sebold et al., 2021 [88]. 

 

3.2 Association between alcohol ApB and non-drug-related PIT 

There was a significant association of the alcohol ApB with the behavioral non-drug-

related PIT effect in patients with AD, as suggested by the interaction of aAAT D-diff 

score with Pavlovian CS value (Pavlovian CS value × aAAT D-diff score: estimate = 

0.14, z = 11.34, p < .001; Figure 6) [89]. Moreover, this association was associated 

with the severity of AD in patients (Pavlovian CS value × aAAT D-diff score × ADS 

score: estimate = 0.02, z = 12.51, p < .001) and the degree of trait impulsivity 

(Pavlovian CS value × aAAT D-diff score × BIS-15 score: estimate = 0.04, z = 14.58, 

p < .001) [89]. Exploratory analyses showed a stronger association of the alcohol ApB 

with the non-drug-related PIT in relapsers compared with abstainers with intention-to-

treat analysis, when patients with missing relapse information were categorized as 

relapsers (estimate = 0.08, z = 2.34, p = .020) [89], while this finding was not present 
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with per-protocol analysis when only patients with clear relapse information were 

included (estimate = -0.03, z = -0.81, p = .42) [89]. 

 

 

Figure 6. The behavioral non-drug-related PIT effect as a function of the alcohol 

approach bias (i.e., D-diff score).  

The PIT effect in study 2 [89] of this dissertation was reflected as the influence of Pavlovian 

CS value on the number of button presses in the transfer test (visualized as the slopes of 

lines). In this figure, the D-diff score was transformed into a two-level factor using median split 

for illustrative purposes. Patients who showed a greater alcohol approach bias (ApB) 

exhibited a stronger PIT effect than patients with a lower alcohol ApB. Modified from Chen et 

al. 2022 [89]. 

 

At the neural level, the alcohol ApB was associated with the  PIT-related activity in the 

right NAcc (x = 16, y = 14, z = −12, t (67) = 3.40, psvc-FWE = .010) [89]. Further detailed 

results can be found in the original publication [89]. The association between the 

alcohol ApB and NAcc PIT effect did not differ between relapsers and abstainers, 

either using per-protocol or intention-to-treat analysis (psvc-FWE ≥ .156) [89]. 
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3.3 CBM training effects 

Patients who underwent the CBM training showed a distinct change of the alcohol 

ApB in comparison to those who underwent the placebo training, as indicated by an 

interaction between training condition and assessment time on aAAT D-diff score 

(estimate = -0.21, t = -2.20, p = .03) in the expected direction, i.e., bias decreased 

after the CBM training and increased after the placebo training (Figure 7) [90]. 

However, post-hoc analyses suggest that the ApB did not change significantly in 

either training group (CBM training group: estimate = -0.08, t = -1.30, p = .20; placebo 

group: estimate = 0.13, t = 1.78, p = .08) [90], which did not support an impact of 

CBM training on reducing alcohol ApB in a strict interpretation manner.  

 

Figure 7. Alcohol approach bias (ApB) (i.e., D-diff score) in alcohol-dependent patients 

as a function of training condition and assessment time.  

There was no significant change in ApB following CBM training or placebo training. From 

Chen et al., 2022 [90]. 

 

With respect to the impact of training on the non-drug-related PIT, the nonsignificant 

interaction (Pavlovian CS value * training condition * assessment time: estimate =  
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0.006, z = 0.55, p = .58) indicates no difference between the two training conditions in 

PIT change [90].  Exploratory analyses indicated that patients’ non-drug-related PIT 

effect decreased following both the CBM training (Pavlovian CS value × assessment 

time: estimate = -0.04, z = -5.41, p < .001) and the placebo training (Pavlovian CS 

value × assessment time: estimate = -0.04, z = -5.01, p < .001) [90]. A null finding 

was also observed for the training on drug-related PIT (beverage type × training 

condition × assessment time: estimate = 0.02, z = 0.58, p = .56) [90]. The drug- 

related PIT effect did not change significantly in either training group.  

The exploratory analysis regarding the relapse status in the six-month follow-up 

showed nonsignificant difference in relapse risk between the two training groups with 

either per-protocol or intention-to-treat analysis (p ≥ .17) [90]. Further exploratory 

analyses examined if prospective relapsers and abstainers differed in the alcohol ApB 

or PIT effects. Result indicated that prospective relaspers showed a greater alcohol 

ApB than abstainers, especially at the posttest aAAT (estimate = 0.19, t = 2.41, p 

= .02) [90]. Similarly, relapsers showed a stronger non-drug-related PIT effect than 

abstainers across two assessment times (estimate = -0.05, z = -3.92, p < .001) [90]. 

The two groups did not differ significantly regarding drug-related PIT. Further detailed 

results can be found in the original publication [90]. 

Internal consistency analyses were additionally conducted for both the aAAT and PIT 

tasks. Followed Cousijn et al. [103], Cronbach’s α was calculated using each 

approach bias score per picture stimulus in the aAAT, resulting in Cronbach’s α 

values ranging from 0.51 to 0.71 (alcohol stimuli at pretest aAAT: 7 items, Cronbach’s 

α = 0.51; soft drink stimuli at pretest aAAT: 7 items, Cronbach’s α = 0.61; alcohol 

stimuli at posttest aAAT: 7 items, Cronbach’s α = 0.52; soft drink stimuli at posttest 

aAAT: 7 items, Cronbach’s α = 0.71), which are comparable to similar studies 

assessing implicit approach bias [95, 103, 104]. Regarding PIT tasks, split-half 

reliability analyses showed high correlations between individual non-drug-related PIT 

effects calculated separately for odd and even trials (r = 0.93 and 0.94 at pretest and 
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posttest, respectively). These correlations remained consistent across both the CBM 

training group (r = 0.93 and 0.94 at pretest and posttest respectively) and the placebo 

training group (r = 0.92 and 0.95 at pretest and posttest respectively). Likewise, high 

internal consistency was observed for drug-related PIT (r = 0.91 and 0.94 at pretest 

and posttest, respectively). These results align with the previously demonstrated 

moderate to high reliability of our PIT tasks [105]. 

 

4. Discussion 

In conclusion, study 1 [88] of this dissertation found an association of the OPRM1 

A118G polymorphism with the non-drug-related PIT in patients with AD and healthy 

subjects. That is, OPRM1 G+ carriers exhibited a stronger behavioral non-drug-

related PIT effect than G- carriers. This OPRM1 polymorphism and PIT association 

was not significantly different between patients and age-matched controls, but was 

different between prospectively relapsing and abstaining patients, with the significant 

interaction showed only in relapsing but not in abstaining patients [88]. Study 2 [89] 

observed an association of the alcohol ApB with behavioral and neural non-drug-

related PIT effects in patients with AD, and the association with the behavioral PIT 

was associated with the severity of AD and trait impulsivity of patients. Study 3 [90] of 

this dissertation did not observe a significant impact of CBM training on either drug-

related or non-drug-related PIT in patients with AD. Findings from the three studies 

are discussed below.  

4.1 Association between OPRM1 A118G polymorphism and non-drug-related 

PIT  

Study 1 [88] shows for the first time that a OPRM1 polymorphism that affects receptor 

affinity [72] is also a modulator of the magnitude of PIT effect in human, and indicates 
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a difference between prospective relapsers and abstainers in this gene–behavior 

interaction.  

The finding that OPRM1 polymorphism is associated with PIT is in line with Weber et 

al. [65], in which decreased PIT effects were observed in healthy subjects 

administrated with opioid receptor antagonist. Compared to Weber et al. [65], study 1 

used monetary rewards rather than food, and applied a PIT task that consists of both 

excitatory and inhibitory Pavlovian CSs. The converging evidence implies an effect of 

the OPRM1 gene on Pavlovian mechanisms, in both people with AD and non-

dependent healthy subjects.  

There was no significant difference in this gene-behavior association between 

patients and age-matched controls in this study. Past research showed contradictory 

findings with respect to the effect this polymorphism on alcohol-related behavior. It 

was reported that OPRM1 G+ carriers have a higher subjective feeling of intoxication 

[106], alcohol craving [107] and an increased risk of a family history of AD [106]. On 

the other hand, a meta-analysis with 17 studies suggests no association between the 

OPRM1 genotype with AD [108]. In study 1 of this dissertation, instead of being a 

marker of AD, the OPRM1 gene-PIT association may have more importance in 

predicting mechanisms related to relapse in patients with AD. As found in study 1, the 

OPRM1 gene-PIT association was significant only in prospective relapsers but not 

abstainers, and a difference in PIT effect between relapsers and abstainers was 

found only in G+ carriers, not in G- carriers, indicating that OPRM1 may modulate PIT 

and interact with treatment outcome in some persons with AD [88].   

4.2 Association between alcohol ApB and non-drug-related PIT 

Converging evidence from study 1 [88] and previous findings [69] suggest that both 

the alcohol ApB and the non-drug-related PIT are modulated by OPRM1 gene. Study 

2 [89] provides further direct evidence of a significant association between the alcohol 
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ApB and behavioral as well as neural non-drug-related PIT in patients with AD. This 

finding links two well-developed paradigms in AD research, and indicates that the 

mechanisms of the two paradigms overlap at least partially. The magnitude of the 

alcohol ApB was positively associated with the right NAcc PIT effect in our study. 

Previous research suggests the involvement of the right NAcc in alcohol-related CS 

(i.e., beer flavor) [109], finding in study 2 of this dissertation indicates a role of the 

right NAcc in Pavlovian conditioning assessed by both paradigms.  

The behavioral association was modulated by trait impulsivity, which is in line with the 

previous findings that impulsive processes may play a role in both the alcohol ApB 

[87] and the PIT effect [11], hypothetically reflecting shared mechanisms of the 

alcohol ApB and the PIT effect that are also implicated in impulsive processes. 

Alcohol cues were used in aAAT, while non-drug-related cues were used in PIT in our 

study, reflecting that impulsive decision making in individuals with AD can be 

triggered by both alcohol cues as well as non-alcohol cues [89].  

The aAAT-PIT association was associated with the severity of AD in patients (note 

that the trait impulsivity was positively correlated with the severity of AD in this study; 

see the original publication [89]). We speculate that more severe form of alcohol 

intake and dependence could contribute to increasingly fast and hence “impulsive” 

decision making elicited by conditioned cues, which contributes to the association of 

the alcohol ApB with the non-drug-related PIT observed in this study. However, 

impulsive decision making, on the other hand, can also be the cause and not only the 

consequence of excessive alcohol intake. Longitudinal studies are needed to further 

elucidate the associations between impulsive decision making, development of AD, 

and cue reactivity. 

4.3 CBM training effects 

Although previous findings suggest that CBM training can affect other alcohol cue-

related behavior [10, 70], and the study 2 of this dissertation provides evidence of an 
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association between the alcohol ApB targeted by CBM training and the non-drug-

related PIT, study 3 of this dissertation did not observe an impact of CBM training on 

drug-related or non-drug-related PIT effects in people with AD. These findings imply 

that CBM may not interact directly with the processes evaluated by our PIT 

paradigms.  

The nonsignificant impact of training on drug-related PIT may be due in part to an 

already existing inhibition effect of the alcohol cues compared to the water cues on 

instrumental behavior shown in the PIT alcohol versus water cue task prior to training, 

which may lead to a ceiling effect to further increase the inhibition of alcohol cues. 

The non-drug-related PIT, although found to be associated with the alcohol ApB in 

study 2, was not affected by CBM training. Previous research indicates that changes 

in the alcohol ApB may be related to the CBM training efficacy [12, 85, 86, 110]. 

Several previous studies that did not find a generalized impact of the CBM training on 

implicit alcohol association also did not observe a significant change of the alcohol 

ApB [80, 81, 83]. Study 3 of this dissertation did not support an effect of CBM on 

decreasing the alcohol ApB in patients with AD, which may be associated with our 

null findings regarding the PIT tasks. The nonsignificant decrease in the alcohol ApB 

may be due to the absence of an alcohol ApB prior to the training. Similar to the 

inhibition effect of alcohol cues in drug-related PIT, this hypothetically “aversive” 

impact of alcohol cues in our study could be due to the motivation to remain abstinent 

after detoxification [43]. Together, CBM training in study 3 did not significantly affect 

the non-drug-related or the drug-related PIT effects nor the alcohol ApB [90]. Given 

the mixed findings on the efficacy of training, further studies are needed to elucidate 

the mechanisms of CBM interventions in AD. 

4.4 Limitations 

Several limitations of this dissertation should be stated. First, the non-drug-related 

PIT task applied in all three studies of this dissertation cannot be categorized as an 
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outcome-specific or a general PIT task, because monetary outcomes were used as 

both the instrumental outcomes and the Pavlovian USs, albeit with different values. 

Future studies applying a PIT task that can disentangle out-specific and general PIT 

are needed. Second, in all three studies, there are a larger number of patients who 

had missing relapse information (n = 41/49/38 in study 1/2/3 respectively), which 

leads to a relatively small sample size for the analyses involving future relapse. In 

study 1, the sample size of alcohol-dependent G+ carriers who relapsed versus who 

abstained in follow-up was 16 versus 14 respectively, requiring replication studies 

with larger sample sizes. In study 2, group differences between relapsers and 

abstainers did not reach significance when excluding those with missing relapse 

information, which was probably due to insufficient statistical power. Similarly, the null 

effect of CBM training in study 3 on reducing the relapse risk may be explained by a 

lack of statistical power, as the sample sizes in past studies were much larger [10, 12, 

74, 76]. Third, the aAAT used in this dissertation, as well as in prior research using 

similar implicit measures [95, 103, 104], displayed relatively low internal reliability. 

The limited internal reliability may contribute to the inconsistent results observed 

across studies using the aAAT. It is critical to develop measures of approach bias 

with improved internal reliability in future research [103]. Fourth, causal interpretations 

cannot be derived from association findings (e.g., the alcohol ApB - PIT association 

observed in study 2), longitudinal research is warranted to further illustrate potentially 

causal relationships and their underlying mechanisms. 
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5. Conclusion 

In conclusion, this dissertation presents evidence that non-drug-related PIT effect is 

modulated by the OPRM1 polymorphism in patients with AD and healthy subjects, 

and this gene-behavior association differed between subsequent relapsers and 

abstainers [88]. This finding suggests that Pavlovian mechanisms could be a target 

for therapeutic interventions, and such interventions could be particularly effective in a 

genetically defined subgroup. Moreover, alcohol approach bias is associated with 

both the behavioral and neural non-drug-related PIT in patients with AD, and the 

association with behavioral PIT was related to the severity of AD and trait impulsivity 

[89]. The cognitive bias modification training targeting on the alcohol approach bias, 

however, did not significantly influence the non-drug-related or the drug-related PIT 

effects nor the alcohol approach bias [90]. Therefore, modifying Pavlovian 

mechanisms should not rely on the modification of the approach bias but explore 

other interventions, e.g., increasing cognitive inhibition rather than motor approach. 

Findings of this dissertation underscore the role of the opioid system in Pavlovian 

mechanisms in humans that manifests in the PIT effect and may have clinical 

relevance for the treatment of AD. Specifically, pharmacological modification of opiate 

receptors (e.g., by antagonists) may be a promising approach. Furthermore, our 

results indicate an association between impulsive decision making, an alcohol 

approach bias and alterations in PIT. Future studies should further elucidate the 

underlying mechanisms of how the neurobiological correlates of impulsivity and their 

interaction with endorphinergic neurotransmission can affect PIT, which will contribute 

to a better understanding of the mechanism, mediators, and moderators of cognitive 

bias modification interventions, and thus may enhance the effectiveness of cognitive 

bias modification interventions for AD. 
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