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General Introduction




1.1.  Alcohol Dependence

Already in the 16™ century Shakespeare’s lago was spot on to say, “good wine is a good
familiar creature, if it be well used”. The use of alcohol constitutes a common custom in
society; in the Netherlands approximately 80 percent of the adult population drinks alcohol
(CBS, Central Bureau of Statistics). Drinking alcohol can have positive effects, for example a
temporary rise in happiness and sociability, but the potential negative effects can be severe.
The most detrimental effects arise when people are no longer able to control their alcohol use,
and develop an alcohol dependence. Those who suffer from alcohol dependence often exhibit
impulsive and hazardous behaviour and are more likely to suffer from other physical and
mental health problems (Bahorik et al.,, 2016; Kessler, 2004; Feil et al., 2010). The
Netherlands Institute for Mental Health and Addiction (Trimbos) stated that approximately
1% of the Dutch population fit the criteria (according to DSM-1V) of an alcohol dependence,
and this proportion is even higher in some countries (e.g. USA: 7%). The recently updated
diagnostic manual (DSM-5V; American Psychiatric Association, 2013) refers to an alcohol
use disorder (AUD) and combines the criteria of the previous two DSM-IV categories:
alcohol abuse disorder and alcohol dependence. The DSM-5 considers an alcohol use
disorder to be a continuum with a severity score of 1 to 11. The description of the symptoms
remained roughly the same, only replacing “recurring legal problems” (which is very much
dependent on culture) by subjective craving. The eleven symptoms that are described are
related to; the amount of control over drinking people have, the problems it causes in their
everyday life, and the physical effects of the dependence. A mild disorder is characterised as
having two to three symptoms, a moderate four to five, and a severe disorder as having more
than six symptoms. AUD is used as a diagnostic term, for simplicity and readability in this

thesis the term addiction or dependence will be used.

There are several theories on how an addiction is acquired and maintained and there
are certainly multiple influences that contribute; one important dysfunctional process is
reward processing. According to Robinson and Berridge (1993, 2008) addiction arises when
the system that processes rewarding stimuli becomes overly sensitive to cues of reward (the
drugs or alcohol); the incentive salience of the drug increases, creating the pathological desire
for the drug. From a neuronal perspective some cells become more responsive towards drug
related stimuli, they ‘sensitize’, and therefore increase the salience and the need for the drug.
Addiction is due to pathological development of the reward system; by linking reward to

salient stimuli in a way that eventually drugs aren't ‘liked” anymore but simply ‘wanted’.



Liking is the hedonic appreciation of the drug, but wanting is a stronger desire, which could
be independent from the pleasure the drug might cause. This is also shown by a dysfunction
in the dopaminergic neurons of mesolimbic pathways, which play an important role in the
reward processing system (Blum et al., 2013; Morales et al., 2012). This complex brain
pathway consists of many predominantly subcortical areas, such as the ventral tegmental
area, amygdala, nucleus accumbens, and these have repeatedly been found to deviate in
substance addicted populations (Bihler & Mann, 2011). The dysregulated motivational
system could be characterised by predominantly positive reinforcement, seeking the
rewarding qualities of the alcohol, in stages of hazardous drinking, and negative
reinforcement, avoiding withdrawal and negative affect, in stages of dependence (Koob & Le
Moal, 2008).

Regulating reward is also important for this motivational network, therefore next to
reward processing, another central aspect in the development of an addiction is the lack of
control over this behaviour. Addicted patients often show deficits in cognitive functions and
this aligns with dysfunctions in the frontal cortex (Goldstein & Volkow, 2002, 2011). The
lateral prefrontal cortex is believed to be responsible for making new associations, goal
directed behaviour and flexible responses (Miller, 2000; Munataka et al., 2011). It is
important for learning to associate certain behaviour with specific outcomes and short or long
term goals. In order to retain information about relations between stimuli and outcomes
information must be stored in short term memory and accessed in the right situations. People
who have frontal damage are often very disinhibited and impulsive; they only respond to
information in a very direct manner and are no longer able to monitor the relevance of
multiple outcomes (Gouveia et al., 2007; Roca et al. 2010). Alcohol dependent patients could
have weaker prefrontal control processes to begin with and these could be further deteriorated
by alcohol use (Bates, Bowden, & Barry, 2002). The interplay between motivational and
control processes in addiction is often described in the context of dual process models
(Gladwin et al., 2011; Wiers et al., 2007). In general terms this model refers to the imbalance
between the relatively automatic reward seeking processes and the slower reflective

processes that play a role during development of an addiction.

A main symptom of addiction that represents the dysfunctional reward system and
requires cognitive control is craving: the strong desire for the drug. It is one of four phases of
a vicious circle, that cause the maintenance of addiction; intoxication, binging, withdrawal,
and craving (Goldstein & Volkow, 2002; 2011). Alcohol users show altered frontal and



subcortical reward related activations when viewing alcohol cues (George et al., 2001; Sinha,
2013; Tapert et al., 2004; Wilson et al., 2004). While viewing alcohol cues alcoholic patients
compared to social drinkers showed increased activations in the left DLPFC, and anterior
thalamus (George et al., 2001), and also in the subcallosal cortex, anterior cingulate cortex
(ACC), left prefrontal cortex, and bilateral insular regions (Tapert et al., 2004). Reviews
indicate that the amygdala, anterior cingulate cortex (ACC), orbitofrontal cortex (OFC) and
dorsolateral prefrontal cortex (DLPFC) are related to cue-elicited craving, and that these
activation patterns differed depending on treatment status (Wilson et al., 2004). The medial
prefrontal cortex (mPFC) also plays a relevant role, particularly in relation to self-regulation
(Sinha, 2013). The stage of craving is especially important when looking at possible
treatment since it occurs before relapse, and increased craving has been associated with
higher chance to relapse (Bottlender & Soyka., 2004; Sinha et al., 2013). A possible way to
treat alcohol addiction is to reduce the craving for alcohol by disrupting the connection
between the alcohol cues, the appetitive associations and behaviour or by increasing control

over these associations and cravings.

Alcohol has widespread short-term effects on neural signalling after consumption, and
with frequent use these effects plus the neural adaptions related to addiction can have
prolonged effects (Bates, Bowden, & Barry, 2002; Sutherland, Sheedy, & Kril, 2014). Long
term alcohol use is also related to cognitive decline in many functions such as decision
making, inhibition and memory, although some can recover with prolonged abstinence
(Fernandez-Serrano et al. 2011; Schulte et al., 2014). These neural and cognitive processes
underlying addiction are partly predisposed and usually develop over many years of frequent
heavy use. It usually takes a long time before alcohol addicted people seek treatment (85% do
not seek help at all, Cohen et al., 2007), and it is a disorder that is very difficult to treat.
Although there are many effective treatments, they often show small effects and a year after
treatment-discharge the overall treatment response rates are around 50% (Project MATCH
Research Group, 1997; Koob & Volkow, 2010). One of the treatment approaches is cognitive
behavioural therapy (CBT), where patients learn new skills to deal with their relapse triggers,
but a meta-analysis reported only small effects of treatment (Magill & Ray, 2009).
Pharmacological treatments have also been studied extensively, but are only modestly
effective and sometimes suffer from compliance issues (Zindel & Kranzler, 2014). Further

research into new therapies is therefore important. In this project we investigated a
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combination of two potentially valuable interventions, namely cognitive bias modification

(CBM) and transcranial direct current stimulation (tDCS).
1.2.  Cognitive Bias Modification

Cognitive bias modification (CBM) is a form of computerised training that aims to
automatically train a more beneficial reaction to disorder-relevant cues (Gladwin et al., 2011,
Macleod, 2012). It is based on the idea that those that develop, or are at risk to develop an
addiction, differentially process information related to the drug of choice (Wiers et al., 2007).
Preferential processing of, or a bias for, certain information is a basic form of behaviour;
individuals may for example, have implicit or explicit biases for people, places, or pythons.
Implicit biases can be measured in different cognitive domains; such as attention, memory, or
action tendencies. These implicit measures assess processes in cognition or attitude in an
automatic manner (de Houwer, 2005). One well-known task that is used to measure a
memory bias is the Implicit Association Task (IAT, Greenwald, 1998). In this task two
categories of words with two subcategories, for example race (white vs. black) and valence
(good vs. bad) words must be categorised via only two response keys so that e.g. white and
good are assigned to one key and black and bad to the other. By measuring the difference in
speed for categorising good with white (and bad with black) vs. good with black (and bad
with white), the ease with which someone could associate positive or negative words with a
certain race could be measured. The idea was that these tasks could uncover covert processes,
by predicting certain (e.g. interracial) behaviour better then self-report (Greenwald et al.,
2009). The words that are used can be adapted to investigate everything from anxiety biases

towards spiders and addiction biases towards alcohol (Greenwald et al., 1998;2009).

The classical IAT are assumed to assess associative memories, but the most studied
implicit process in CBM research is probably the attentional bias; the selective attention for
disorder-related cues. The visual field is setup is such a way that there is central focus point
and the periphery is less sharp. When a snake crosses your path in the corner of your eye your
attention is immediately drawn to it, and this can be a very useful reaction from an
evolutionary perspective. However, when attention becomes fixed on certain stimuli (e.g. a
stick, alcohol) at some point it may not be a constructive process anymore. Quickly detecting
a snake in the bush may save your life, but thinking every stick is a snake might render you
lifeless. A common method to measure an attentional bias is with a visual probe task (VPT,
MacLeod, Mathews, & Tata, 1986). In a VVPT, two different stimuli (e.g. a picture/word of a
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spider and of a flower) are presented briefly on opposite sides of the screen and then followed
by a probe on one or the other side. If the probe appears on the spot where attention was
located response times will be faster, and thus can measure which stimulus captures or holds

the attention more.

A third bias concerns action tendencies or inclinations to approach or avoid certain
stimuli. This fits well with the definition of an emotional response by Frijda (1989), who
states that emotional experiences are situational appraisals leading to action tendencies.
Measuring action tendencies is thus very relevant to measure the underlying motivational
processes. One way to assess a bias in action tendencies is with varieties of the Approach
Avoidance Task (AAT) (Heuer, Rinck, & Becker, 2007). In this task participants react to
stimuli with an actual pushing or pulling movement of a joystick, which results in a decrease
or increase in size of the stimulus, creating a sense of avoidance or approach. These tasks are
all examples of ways to measure cognitive biases, the processes targeted by CBM.

For these biases to play a relevant role in addiction it is important that they are related
to or can predict behaviour that is typical for alcohol users. One way to investigate the role of
these biases in alcoholism development is by studying a heavy drinking student sample.
College students are generally used for both practical (availability) and theoretical (at risk
sample) reasons. Heavy drinkers compared to light drinkers have been shown to have a
stronger attentional bias and approach bias (Cox, Yeates, Regan, 1999; Field et al., 2004,
2008), and alcohol use or problems was associated with stronger biases (Cox, Brown,
Rowlands, 2003; Duka & Townshend, 2004; Ostafin, Marlatt, Greenwald, 2008; Ostafin &
Palfai, 2006; Wiers et al., 2002). Also in alcohol dependent samples these biases play a
relevant role (Dickson, Gately, & Field, 2013; Noél et al., 2006; Flaudias et al., 2013).
Implicit processes are not always straight-forward: although alcohol users repeatedly showed
stronger cognitive biases (in action, attention, & association) for alcohol, they showed
stronger negative than positive alcohol associations on the IAT (de Houwer et al,. 2004;
Wiers et al., 2002). Also the stage of dependence and the specific tasks that are used are
relevant when measuring the underlying biases, for example, stronger avoidance has also
been found in patients in treatment (Flaudias et al., 2013; Spruyt et al., 2012; Towshend &
Duka, 2007; Wiers, Gladwin & Rinck, 2013).

The cognitive bias tasks are a way of assessing the current biased state of processing
of an individual. In CBM, these assessment tasks have been modified into training paradigms

12



with the aim to modify the cognitive bias. The most frequently used CBM techniques target
attentional biases and approach biases. In an assessment alcohol-AAT 50% of alcohol and
non-alcohol stimuli are pushed (avoided) and 50% are pulled (approached). In a CBM variety
the contingencies are changed so that (almost) all of the alcohol stimuli are pushed and
(almost) all of the non-alcohol pictures are pulled, with the aim that participants learn to
automatically react to alcohol cues with an avoidance response. This alcohol approach bias
retraining has been investigated in two large samples of alcohol-dependent inpatients, and
adding four to twelve 15 minute sessions to regular treatment reduced relapse with 9 or 11%
(Eberl et al., 2013; Wiers et al., 2011). This endeavour of modifying tasks to change instead
of measure biases started in anxiety with an attentional bias modification (ABM) paradigm
(Macleod et al., 2002). ABM was mostly performed in anxiety research, but there was also
one successful study in alcohol-dependent patients (Schoenmakers et al.,, 2010).
Interpretation training (CBM-I) has also been used primarily in anxiety, but there has been
one recent study in heavy drinkers (Woud et al., 2015). Only alcohol approach bias
retraining, and attentional bias retraining will be investigated in this thesis. In recent years,
there has been some discussion on the effectiveness of these techniques (e.g. Christiansen,
Schoenmakers, & Field, 2015; Cox et al., 2014; Macleod, 2012). However, with some of the
positive effects in mind and the relatively ease with which the trainings can be applied, it is
important to further research the trainings, and investigate if there are ways to get more

convincing findings.
1.3.  Transcranial Direct Current Stimulation

Transcranial direct current stimulation (tDCS) is a form of non-invasive brain stimulation
where weak electrical currents are used to try to influence neuronal signalling. The other
brain stimulation technique that is frequently used is repetitive transcranial magnetic
stimulation (rTMS, not used in this thesis). There are multiple ways of applying transcranial
electrical stimulation, including alternating current at certain frequencies or with noise
distribution. In the case of direct current stimulation the current flows constantly from one
positive electrode (anode) to the negative electrode (cathode). The use of electrical currents to
influence physiology is very old; in the 18" century Aldini already tried to treat people with
melancholy with electrical currents (Lewis et al., 2016). In the 19" century the technique
faded somewhat to the background, and in the 20" century there was more interest in the
clinical application of higher electrical currents (Electroconvulsive Therapy, ECT). The use

of non-invasive current has resurfaced again about 15 year ago. In the seminal paper by
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Nitsche & Paulus (2000) tDCS was found to increase excitability of the motor cortex by
combining direct current with transcranial magnetic stimulation (TMS). The TMS caoil
generates a brief magnetic pulse and this can depolarizing the underlying neurons (George et
al., 2002). The effects of these pulses can be measured in the amplitudes of the motor evoked
potentials (MEPSs). It was found that five minutes of electrical stimulation could increase the
excitability (MEPs induced by TMS) of the cortex, and that cathodal stimulation could reduce
this excitability. These effects lasted for a few minutes after stimulation, and longer
stimulation periods have found to create longer excitability changes (Nitsche et al., 2005).

Although this basic mechanism seems quite clear, the precise underlying mechanisms
(the cellular processes and translation to other protocols) are still largely unknown (Berker,
Bikson, Bestmann, 2013; Fertonani, & Miniussi, 2016). Pharmacological studies can provide
useful insights into the specific neuronal receptors that tDCS had an effect on. Drugs that
blocked calcium or sodium channels reduced online effects of tDCS, and NMDA antagonists
reduced after-effects of tDCS (Liebetanz et al., 2002; Nitsche et al., 2003). According to this
model online effects are mostly dependent on processes related to membrane polarisation,
and after-effects on plasticity and long-term-potentiation (Stagg & Nitsche, 2011). This
enhancement in learning potential of the brain could potentially have longer lasting effects.
Animal models and neuroimaging studies show that tDCS can not only excite the motor
cortex, but also activate frontal regions (Takano et al., 2011; Weber et al., 2014). However,
one meta-analysis questions all neurophysiological findings and states that only the effects on
motor evoked potentials are reliably found (Horvath et al., 2014), but this paper was also
criticised (Antal et al., 2015). Nevertheless, it is important to note that since tDCS does not
induce neuronal depolarisation, but modulates activity, the working mechanism is dependent
on the tasks that are performed during stimulation and the existing state of the brain. It is
therefore also important to consider the effects tDCS has in the context of the specific tasks

or process it is intended to modulate.

Due to its effects on plasticity, tDCS has been studied broadly as a way to increase
cognitive functioning. Working memory has been studied most often with this form of
stimulation and is a process that is very much depending on the functioning of the
dorsolateral prefrontal (DLPFC), which plays an important role in the storing and
manipulation of information (Kane & Engle, 2002). Anodal stimulation of the left DLPFC
improved working memory performance in several experiments (Fregni et al., 2005; Gladwin
et al., 2012; Keeser et al., 2010; Meiron et al., 2012). Gladwin and colleagues (2012)

14



demonstrated that tDCS does not simply influence short term memory (a component of
working memory) as performance on a Sternberg task was only improved when the memory
load was high and words were coupled with a distractor. DLPFC stimulation could have
made several responses more attainable, and in such a way facilitate decision making because
the correct response could be discerned more easily. An increase in the ease with which
associations were activated was also found in an implicit association task (Gladwin et al.,
2012) and a remote association task (Cerruti et al., 2009). Also in other cognitive domains
related to addiction, DLPFC stimulation has had effects on performance. In a risk-taking task
participants who received anodal right DLPFC stimulation chose less risky options than those
who received sham or left anodal stimulation (Fecteau et al., 2007). These effects on
cognitive processes are usually short-lasting and tested during or right after stimulation.
However, when stimulation is applied over multiple sessions it might have prolonged effects
and improve learning. Transcranial stimulation on the motor cortex can improve implicit
motor learning (Savic & Meier, 2016). Frontal tDCS could also increase performance on

different cognitive training paradigms (Elmasry, Loo & Martin, 2015).

The proposed beneficial effects of tDCS on the cortical processes makes it potentially
interesting to use it to treat psychological disorder of psychopathology. It has been shown to
be safe; side-effects are usually minor and only present during the first period of stimulation
(Poreisz et al., 2007; Nitsche et al., 2008). It is an easy to apply, cost-efficient, and relatively
painless technique, making it a feasible intervention application. TDCS has already been
studied in relation to depression, anxiety, and neurological disorders (Nitsche & Paulus,
2011). Research into tDCS and addiction has also been developing. Several studies reported
that tDCS could reduce craving with bilateral left and right DLPFC and unilateral left DLPFC
stimulation (Boggio et al., 2008; Fregni et al., 2008a; Goldman et al., 2011; Montenegro et
al., 2012). A recent meta-analysis showed a moderate effect of neurostimulation (tDCS &
rTMS) on craving (Jansen et al., 2013). One study also showed an effect of tDCS on relapse
(Klauss et al., 2014). The general effects of tDCS as a mechanism to increase control over
craving, and to increase the learning of more beneficial biases could make it a relevant

therapeutic addition to addiction treatment.
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1.4. Outline Thesis

In this project our main aim was to investigate whether the combination of tDCS and CBM
could be a useful addition to the treatment of alcohol dependence. We also wanted to

investigate the basic processes involved and what the effects were on implicit processes.

Chapter 2 investigated the effect of a single session of anodal tDCS on cognitive biases in
heavy drinkers. In order to get a first indication of whether tDCS was able to modulate a bias
for alcohol, we performed a study with heavy drinkers, where they performed two implicit
association tasks. We also tested whether the stimulation could reduce craving. We
investigated the effects of anodal tDCS over the left DLPFC and the right IFG.

Chapter 3 investigated the effect of three sessions of anodal tDCS over the DLPFC combined
with alcohol approach bias retraining (type of CBM) in a heavy drinking sample. We
investigated whether this combination could have effect on behaviour, biases, and also

electrophysiological responses.

Chapter 4 investigated the effect of four sessions of anodal tDCS over the DLPFC combined
with alcohol approach bias retraining in a clinical sample of alcohol-dependent patients. We

investigated whether this combination could have effect on behaviour, biases, and relapse.

Chapter 5 investigated the effect of four sessions of anodal tDCS over the DLPFC combined
with attentional bias retraining in a clinical sample of alcohol-dependent patients. We
investigated whether this combination could have effect on behaviour, biases, and

physiology.

Chapter 6 gives a summary and discussion of all findings, specifically regarding the central
questions of CBM and tDCS efficacy. Methodological limitations and future
recommendations regarding the outcome measurements and the intervention techniques are

also given.
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Chapter 2

Transcranial Direct Current Stimulation, Implicit

Alcohol Associations and Craving

This chapter is published as: den Uyl, T.E., Gladwin, T.E., Wiers, R.W., (2015). Transcranial
direct current stimulation, implicit alcohol associations and craving. Biological Psychology,
105, 37-42.



Abstract

Previous research has shown that stimulation of the left dorsolateral prefrontal cortex
(DLPFC) enhances working memory (e.g. in the n-back task), and reduces craving for
cigarettes and alcohol. Stimulation of the right inferior frontal gyrus (IFG) improves response
inhibition. The underlying mechanisms are not clearly understood, nor is it known whether
IFG stimulation also reduces craving. Here, we compared effects of DLPFC, IFG, and sham
stimulation on craving in heavy drinkers in a small sample (n=41). We also tested effects of
tDCS on overcoming response biases due to associations between alcohol and valence and
alcohol and approach, using Implicit Association Tests (IATs). Mild craving was reduced
after DLPFC stimulation. Categorization of valence attribute words in the IAT was faster
after DLPFC stimulation. We conclude that DLPFC stimulation can reduce craving in heavy
drinkers, but found no evidence for tDCS induced changes in alcohol biases, although low

power necessitates caution.
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2.1. Introduction

Transcranial direct current stimulation (tDCS) is a technique that can influence cortical
plasticity and excitability, and it has been used to manipulate cognitive processes. With tDCS
two electrodes are placed on top of the skull and a very low electrical current is transmitted
through, which increases excitability under the anodal electrode and decreases excitability
under the cathodal electrode (Nitsche et al., 2003). By influencing activity in certain cortical
areas during relevant cognitive processes, tDCS may have beneficial effects. Anodal
stimulation of the dorsolateral prefrontal cortex (DLPFC) increases performance in several
cognitive domains, such as working memory (e.g. Fregni et al., 2005; Gladwin et al., and
decision making (e.g. Dockery, Hueckel-Weng, Birbaumer, & Plewnia, 2009; Fecteau et al.,
2007). The DLPFC is involved in many processes related to addiction; mainly higher-order
cognitive processes such as behaviour monitoring and attentional and memory processes
(Goldstein & Volkow, 2011). The lack of control over impulses has also been proposed to
constitute an important factor (Goldstein & Volkow, 2011; Jentsch & Taylor, 1999).
Therefore, improving the functioning of the DLPFC could have beneficial effects in
addiction. Indeed, anodal tDCS of DLPFC has been found to reduce craving for several
substances, such as alcohol, cigarettes and food (Boggio et al., 2008; Fregni et al.,
2008a;2008b; Goldman et al., 2011). To the best of our knowledge, effects of stimulation of
other brain regions on craving have not yet been tested. Anodal stimulation of the right
inferior frontal gyrus (IFG) has been found to increase inhibitory control, measured by a stop-
signal task ( Ditye, Jacobson, Walsh, & Lavidor, 2012; Jacobson, Javitt, & Lavidor, 2011).
Therefore stimulation of this region may also decrease craving and/or increase control over

impulses to use addictive substances.

The current study had two goals. First, we aimed to extend previous results of tDCS
on craving. We investigated whether the effects on craving are also present in heavy drinkers
and whether the IFG is also an effective target area. Second, we explored the effects of
prefrontal stimulation on the ability to change or overcome biases due to automatic
processing of alcohol-related information. The reduction of automatic processing biases may
be a potential mediating mechanism for effects of tDCS on craving. One potentially
important automatic process is the automatic activation of alcohol associations, which can be
measured using an Implicit Association Task (IAT). The IAT has been developed to measure

associations between two concepts by comparing performance on a classification task when
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certain response-categories are grouped together (Greenwald, McGhee, & Schwartz, 1998).
The grouping is congruent when the response-categories that are grouped together are
associated in memory and incongruent when the associated response-categories are mapped
to opposite responses. In a standard alcohol IAT, participants categorize alcohol and other
beverages together with positive and negative attribute words. If participants have strong
positive associations with alcohol they will show improved performance when “alcohol”
responses are grouped with “positive” than with “negative” responses. Perhaps unexpectedly,
many studies found that both heavy and light drinkers are faster to sort alcohol with negative
than with positive attribute words (Wiers et al.,, 2002; Meta-analysis, Rooke, Hine, &
Thorsteinsson, 2008). However, heavy drinkers were found to be somewhat less negative
than light drinkers. When positive and negative associations were measured separately, heavy
drinkers showed both positive and negative associations with alcohol, with positive and not
negative associations correlating with drinking (Houben & Wiers, 2008). Implicit valence
and arousal associations with alcohol have also been found to predict drinking prospectively
(Wiers et al., 2002). The IAT has also been tested with approach and avoidance attribute
words instead of valence or arousal words; alcohol-approach associations correlated with a
higher urge to drink (Palfai & Ostafin, 2003), and with alcohol use and problems (Ostafin &
Palfai, 2006). Automatic alcohol-related processes, such as those measured by the IAT, play
a potentially important role in the development and maintenance of alcohol addiction. It has
been demonstrated that changing alcohol-approach tendencies (and related associations) in
alcohol-dependent patients helped them to remain abstinent (Wiers, Eberl, Rinck, Becker, &
Lindenmeyer, 2011; Eberl et al., 2013).

Prefrontal tDCS could be hypothesized to influence the executive processes that allow
biases due to automatic associations to be overcome. In line with this hypothesis, an fMRI
study found that the DLPFC was more active during incompatible than during compatible
trials (Ames et al., 2014). This leads to the possibility that prefrontal stimulation will result in
a relatively negative bias, due to a shift from impulsive to reflective evaluation. This would
align with findings in the context of attentional biases: several studies reported a fast alcohol-
approach attentional bias while using alcohol, followed by a slow disengagement bias when
patients were abstinent (Noél et al., 2006; Townshend & Duka, 2007; Vollstadt-Klein,
Loeber, von der Goltz, Mann, & Kiefer, 2009).
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As yet, little is known of effects of tDCS on IAT performance. A previous study with
a classical IAT with insect and flower words showed that tDCS of the DLPFC did not reduce
the bias, and actually selectively improved performance within congruent trials (positive-
flowers and negative-insects; Gladwin, den Uyl, & Wiers, 2012). One explanation of this is
that stimulation of DLPFC facilitates the recall of information but does not affect the
processes leading to incongruence costs in the context of an IAT, thus only leading to a
beneficial outcome in the congruent condition where the task-related response is in line with
the existing bias. However, effects on alcohol-related 1ATs have not yet been studied. One
possibility we explored is that prefrontal tDCS would enhance the ability to overcome biases,
in line with previous work on the enhancement of working memory and executive function.
Another possibility is that it would actually enhance performance for the congruent response-
grouping, as in our previous study. Given the repeated finding that negative alcohol-
associations are stronger than positive alcohol associations, tDCS could then make alcohol
associations more negative. In either case, if tDCS can affect biases due to alcohol

associations, this could provide clues on how tDCS is able to reduce craving.

To these aims, we tested the effects of tDCS on self-reported alcohol craving and on
two variants of the 1AT, one with positive and negative words (affective IAT) and one with
approach/avoidance words (motivation IAT). Based on previous research, the main target
area was the left DLPFC. Since addiction is associated with weakened ability to inhibit
drinking behaviour (Goldstein & Volkow, 2011), the right IFG was also explored in our
setup. We hypothesized that, similar to alcohol-dependent patients, heavy drinkers would also
demonstrate reduced craving after receiving DLPFC and possibly also IFG stimulation. As
described above, we further explored effects of tDCS on cognitive processes indexed by the
IAT.

2.2. Method

2.2.1. Participants

Forty eight students (age: M= 21.7, SD= 2.8; gender: 17 M/ 31F) were included. The study
focused on hazardous drinkers (AUDIT > 8 at screening via email). On the testing day six
participants scored lower than 8 when retaking the AUDIT, and were excluded from the final
sample. One participant did not perform the experiment as required and was also excluded.
The final analytical sample therefore consisted of 41 participants (age: M = 21.7; SD = 3.0;
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gender: 15 M/ 26 F). All were right handed and were Dutch speaking healthy participants. As
is common in a Dutch student population approximately 60% were occasional drug-users
(cannabis/other). They did not meet any tDCS exclusion criteria to ensure the safety of the
stimulation (exclusion criteria were; central nervous system disorders (e.g. epilepsy,
meningitis), or other neurological damage (stroke, severe concussion), the use of
psychopharmacological medication, a pacemaker, metal in the head, pregnancy,
claustrophobia, regular headaches/ nausea/ panic attacks, direct family with epilepsy, skin
conditions (e.g. eczema)). Participants gave written informed consent and the study was

approved by the faculty’s ethics committee.
2.2.2. Materials

Participants performed two different versions of the alcohol Implicit Association Test (1AT),
one with approach and avoidance words (motivation IAT; similar as Ostafin & Palfai, 2006)
and one with positive words and negative words (affective IAT; similar as Houben, Nosek, &
Wiers 2010). In the IAT, participants are required to categorize words into a category shown
on the left or right of the screen. Two categories (target vs. attribute) are represented with two
subcategories (target: alcoholic drinks vs. regular drinks and attribute: positive vs. negative
words or in 2" IAT attribute: approach vs. avoidance words). In a single category block only
target (or attribute) words were shown on the screen (one subcategory left and one right).
Words were presented in the middle of the screen and must be categorized as alcoholic or
non-alcoholic beverage (or approach/avoid; or pleasant/unpleasant). In combined blocks,
target and attribute category-words were alternated, thus two categories were associated with
the same response-key. In one combined block pleasant words were coupled with alcohol
words and unpleasant with non-alcohol words (alcohol-positive block) and in another block
unpleasant words were to be categorized with alcohol words (alcohol-negative block). The
IAT consisted of 7 blocks; with 3 single (with a total of 30 trials) and 4 combined (with a
total of 120 trials) blocks (Table 2.1). The order (first alcohol-positive, then alcohol-negative
or vice versa) of the blocks was randomized across subjects (due to a randomization error the
distribution was slightly askew; 63% received the alcohol-negative and 61% the alcohol-
avoidance block first, there was no difference in the distribution of order per group,
(respectively, ¥*(2) = 1.53, p = 0.47; ¥*(2) = .25, p = 0.88 ). Participants received the IAT in
the same order before and after tDCS. Each subcategory had five different words; in the
combined practice each word was presented once. In order to minimize exemplar learning,

different sets of words were wused for each AT session (approach/avoid or
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pleasant/unpleasant and pre and post tDCS). Order and combination of words were

randomized across subjects.

Craving was measured with the alcohol approach and avoidance questionnaire
(AAAQ, McEvoy, Stritzke, French, Lang, & Ketterman, 2004). The AAAQ consists of 14
questions on a 9-Likert scale on attitudes towards alcohol at a specific moment. Three
subscales were used; measuring mild inclinations to drink (inclined/indulgent scale), strong
inclinations to drink (obsessed/compelled scale), and inclination to avoid drinking
(resolved/regulated scale) (McEvoy et al., 2004). Students scored relatively high on the
Inclined scale and this scale was most predictive of drinking behaviour. Participants also
filled out the alcohol use disorder identification questionnaire (AUDIT, Saunders et al., 1993)
and a retrospective one week alcohol diary before testing. The AUDIT assessed alcohol use

(first 3 multiple choice questions) and alcohol related problems (7 multiple choice questions).

Table 2.1. Blocks. Overview of block design and amount of trials in the Implicit Association Test

Block type Trials
1. Target practice 10
2. Attribute practice 10
3. Combined alcohol-positive practice 20
4. Combined alcohol-positive 40
5. Target reversed practice 10
6. Combined alcohol-negative practice 20
7. Combined alcohol-negative 40

2.2.3. Transcranial Direct Current Stimulation

The current was administered by using two 35 cm2 (7 x 5) electrodes that were placed on the
head and kept in place with rubber straps. The current strength used was 1 mA and the
stimulation was kept constant for 10 minutes for active stimulation and for 30 seconds for
sham stimulation. In the sham stimulation condition the tDCS apparatus stopped
automatically without notification of the participant. For the stimulation of the left
dorsolateral prefrontal cortex the anodal electrode was placed on F3. For right inferior frontal
gyrus stimulation the electrode was placed on the crossing of F7 and Cz and Fz and T3
(Jacobson et al., 2011). The reference electrode (cathodal) was placed on the contralateral
supraorbital region. The experimenter was blind to the sham or real stimulation type (a
function incorporated in the neuroConn DC-stimulator Plus). One third of the DLPFC

stimulations and one third of the IFG stimulations were sham, creating three equal groups.
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Figure 2.1. Implicit Association Test. This figure shows four different trials of the combined
block in the IAT. The categories are displayed in the left and right corner of the screen. Target
(soda/alcohol) or attribute (positive/negative) words appear in the middle and belong to one
of these categories. In an alcohol-positive combined block, alcohol and pleasant words require
the same response (e.g. in the trial left above: the left button); and soda and unpleasant words

require the same response.

2.2.4. Design and Procedure

The study used a mixed repeated measures design with tDCS type as between subject
variable. Participants were informed of the in- and exclusion criteria beforehand. All testing
sessions were done in the afternoon as it was expected that craving in a student population
would be less likely in the morning. Participants first filled out several questionnaires,
performed a practise version of the IAT and then completed both IATs once.' After the task,
the tDCS electrodes were strapped to the head and subjects received 10 minutes of
stimulation while they read a student psychology magazine. Participants also filled out the
AAAQ before and after tDCS. Participants were randomly assigned to receive either DLPFC,

! Participants also performed an Approach Avoidance Task (AAT), but due to problems (high error rates/ low
reliability, see Appendix B) with this specific version of the task it is excluded from this paper
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IFG or sham stimulation. After stimulation they completed both IAT’s again in the same

order. The experiment took approximately one hour.
2.2.5. Statistical Analysis

A repeated measures ANOVA was used to test the effects of tDCS on craving in heavy
drinkers. TDCS was the between-subjects factor and pre- and post-measurement of the
Inclined score was the within-subjects factor. We primarily considered the subscale Inclined
of the AAAQ, since students scored highest on this scale (McEvoy et al., 2004). Difference
scores were calculated (pre minus post-tDCS), to do planned comparisons with sham
stimulation as control condition, and test the specific hypothesis that DLPFC stimulation
would decrease craving compared to sham, and inspect the effect of IFG stimulation. For the
affective IAT a bias score was calculated (in order to check for correlations with behaviour)
by subtracting combined alcohol-positive trials (or alcohol-approach trials) from combined
alcohol-negative trials (or alcohol-avoid trials), for both reaction time and accuracy. This bias
score was also compared to zero with a one-sample t-test to look at the baseline bias in the
sample. The reliability of the IAT was tested with Cronbach alpha, by taking the bias scores
for each separate word category (positive/negative/alcohol/soda). Effects of tDCS on the IAT
were tested with a repeated measures ANOVA with tDCS as between subject variable and
within-subject factors Time (pre- and post-tDCS), Block-type (alcohol-positive vs. alcohol-
negative), Target-type (target vs. attribute), and Word-type (target (alcohol vs. non-alcohol)
& attribute (negative vs. positive)) (baseline data were also assessed by excluding the factor
time and only looking at the pre-tDCS data). Interactions involving Time and (between-
subject factor) Group were relevant for an effect of tDCS. Significant interactions were
followed by single group comparisons with sham stimulation. Analogous analyses were

performed for the motivation IAT.

2.3. Results

2.3.1. Demographic variables

All participants tolerated the stimulation well and none asked for the stimulation to be
terminated (for side-effects see Appendix A). Groups did not differ on baseline

characteristics (Table 2.2).
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Table 2.2. Demographic variables and baseline scores.

DLPFC group IFG group Sham group p-value
Gender (F/M) 8/6 10/5 8/4 0.84
Age 21.1 +29 21.6 +3.2 22.4 +2.7 0.52
AUDIT 15.2 +3.3 13.9 +5.5 13.9 +3.3 0.66
Drinks last week 20.1 +11.8 15.7 +9.1 18.1 +13.9 0.59
AAAQ inclined 5.5 +1.2 4.9 +1.8 5.0 +1.8 0.56
% used drugs this month  57% 73% 50% 0.45

Note. The alcohol use disorder identification questionnaire (AUDIT), total amount of drinks in
past week, approach avoidance alcohol questionnaire (AAAQ) inclined scale. The ‘% used drugs
this month’, refers to the percentage of participants per group that had used any sort of drugs

(cannabis, XTC, etc.) at least once in the previous month.
2.3.2. Craving

The interaction between tDCS and time on Inclined scores was significant (F(2,38) = 4.13, p
=.024,n* = 0.18; Figure 2.1). Planned contrasts with difference scores (post-pre) showed that
craving decreased after DLPFC stimulation compared to sham stimulation (t(38)= -1.88, p
(one-sided) = .034, d = 0.762). Craving did not change significantly after IFG stimulation
compared to sham stimulation (t(38) = 0.79; p = .43).
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Figure 2.2. Effects of tDCS on craving. Mean score on Inclined scale (Likert scale 1-9) before
and after stimulation. Error bars represent standard errors. There is a significant decrease in

craving after DLPFC stimulation compared to sham stimulation
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2.3.2. Affective IAT

The affective IAT showed good internal reliability (see Appendix B). The bias scores,
however, did not correlate significantly with AUDIT, TLFB, or AAAQ Inclined scores.? Bias
score did correlate strongly with the order of the blocks (-0.59, p<.001), showing that
performance was dependent on time-on-task, adding extra variance to the bias scores. At
baseline the bias score differed significantly from zero; there was a negative bias in the
sample (t(40) = -3.19, p = .003; when the bias score was corrected for order effects this effect
remained, t(40) = -2.67, p =.01). The ANOVA with tDCS and the affective IAT showed only
one interaction effect involving Group and Time; the three-way interaction including Target-
type (F(2,38) = 4.00, p = .027, n* = .17). Further analysis showed that this interaction was
significant when comparing DLPFC stimulation to sham (F(1,24) = 7.0, p = .014); there was
a significant decrease in reaction times for attribute words after DLPFC (and not IFG or
sham) stimulation (F(1,13)= 12.60, p = .004, Figure 2.3). There was also a trend for an
interaction with Block-type ( F(1,13) = 4.11, p = .063); but follow-up analysis showed that

there were no significant differences compared to sham stimulation (p>.3). There were no

*
—
m pre-tDCS
post-tDCS
IFG

sham
targets attributes

stimulation effects on accuracy.

950

il

DLPFC sham DLPFC

mean RT
(=]

o

o

Figure 2.3. Effects of tDCS on categorizing Target-type. Mean reaction times for
categorizing targets and attribute words before and after (DLPFC/IFG/sham) tDCS.
Error bars represent standard errors. After DLPFC stimulation (compared to sham)

participants respond faster to attribute words compared to target words.

% There were also no significant correlations when the D600 (Greenwald et al., 2003) score was used.
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2.3.2. Motivation IAT

The motivation IAT showed good internal reliability for each word category
(Cronbach’s alpha 4 items; pre-test = .83, post-test = .82). The bias score did not correlate
with AUDIT, craving, or explicit measures (p>0.3). There was no significant bias at baseline
(p > .8). No effects of tDCS on the motivation IAT were found (Figure 2.4). There was a
significant interaction with Target-type and Time (F(1,38) = 4.5, p =.04, n* = .11), indicating
that participants, regardless of Group (the interaction with Group was not-significant, p =
0.19 ) were faster at attribute words the second time. There were no effects on accuracy,
although there was a trend for accuracy to increase after sham stimulation (F(2,38)=2.66,
p=.083, n° = .12).
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2.4. Discussion

This study examined the effects of anodal tDCS over the DLPFC and IFG on craving and two
implicit association tests. It gives new support for the possibility for tDCS of the DLPFC to
also influence mild craving in heavy drinkers, in line with earlier studies indicating
reductions in stronger forms of craving in alcohol-dependent patients (Boggio et al., 2008). In
the present sample of heavy drinking students, effects were found on a scale that measured
inclinations to drink; somewhat weaker feelings of craving. Stimulation of the IFG did not
decrease craving. Previously this form of stimulation has been shown to increase response
inhibition in a stop-signal task (Jacobson et al., 2011). Although inhibition of motor
responses is conceptually different from craving related inhibition of thoughts and desires,
similar effects could be expected when inhibiting craving-related thoughts. However, whether
the IFG solely plays a role in response inhibition is debated; some areas might also be related
to attention processes (Boehler, Appelbaum, Krebs, Hopf, & Woldorff, 2010; Nikolaou,
Field, Critchley, & Duka, 2013). It may be the enhanced attention to stop-stimuli in an
inhibition task that improves performance, however, enhanced attention to alcohol without
inhibition instructions might not lead to decreased craving.

Craving requires cognitive processing, by elaboration and imagination of the
substance and situation (Kavanagh, Andrade & May, 2005). DLPFC stimulation has been
suggested to interfere with a craving response by interrupting the processes normally leading
to craving (Fregni et al., 2008a; Boggio et al., 2008). However, the precise mechanisms are
still unclear. These results showed that even small inclinations towards alcohol, that are likely
prompted by the processing of alcohol related stimuli or alcohol related imaginative
questions, may be reduced by anodal tDCS in heavy drinkers. This suggests that tDCS of the
DLPFC does not only interrupt a maladaptive craving process, but affects common reward

processing pathways in a continuous matter.

No clear effects of tDCS were found on alcohol association biases in the two IATS.
DLPFC stimulation did improve reaction times when categorising attribute words. This might
be interpreted as an improvement of general emotional processing, which has previously been
found as a result of DLPFC stimulation (Nitsche et al., 2012). However, attributes was also
the category participants performed the worst on at baseline, hence the one in which they
could improve the most; another alternative explanation for this effect is a facilitation of

performance on relatively difficult trials, which has also been found in previous studies
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(Gladwin, den Uyl, & Wiers, 2012; Cerruti & Schlaug, 2009; Meiron & Lavidor, 2012).
However, neither an overall reduction in bias nor a shift to a more negative association was

found.

In contrast with previous research none of the bias scores correlated with drinking
behaviour. This may have been due to the low variance in the sample, since we only included
hazardous drinkers and no light drinkers. The absence of a specific bias does make it more
difficult to draw conclusions on whether tDCS can influence the bias score that exists in this
population. The results did not precisely match the results found in Gladwin et al. (2012). In
that study, as in the current study, no decrease in bias was found; DLPFC tDCS was in fact
found to selectively result in an improvement in congruent trials. However, in this previous
classical flowers-and-insects IAT experiment three repetitions of the seven blocks were used,
giving a more reliable IAT score and more opportunity to optimise performance, which could
have given rise to the detection of more subtle learning effects. Since bias scores can
diminish after frequent testing, we chose to limit the testing to one block in this design
(where the tasks were done within a short amount of time of each other opposed to at least a
day apart). Also compared to a classical insect IAT (Greenwald et al., 1998), in an alcohol-
IAT, no universal preference is assessed and many people are ambivalent, which indicates
they may have both positive (/approach) associations and negative (/avoidance) associations,
which may differ in relative strength, depending on context (Houben & Wiers, 2006; cf.
Roefs et al., 2006). The target categories are also not necessarily straightforward, since high
sugary (unhealthy) soda drinks might also activate negative associations. The lack of a
significant result on these biases could also be due to the lack of power to find smaller
effects; with these ambiguous biases we would need a much larger sample to be able to detect
all the different facets that underlie these bias scores. It might also be of interest in further
research to classify people beforehand as to which bias they have and in such a way create
groups, who might react differently to a bias manipulation.

This is the first study to show similar trends for DLPFC stimulation in hazardous
drinkers as previously found in dependent subjects. However, the context of craving
questions for heavy drinkers is somewhat different than the craving questions for alcoholics
and it is still an open question whether tDCS will lead to reduction in drinking behaviour in
the long run. In line with the general finding that anodal DLPFC simulation can enhance
cognition; reaction times were reduced on the slowest trials on an IAT. However, no evidence

was found suggesting that alcohol-related automatic associative processes measured by the
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IAT, or biases due to them, are affected by tDCS. Thus, further study is needed to understand
the mechanisms underlying the potentially important effect of tDCS on craving and hence aid

its potential clinical applications.
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Abstract

Cognitive bias modification (CBM) can be used to retrain automatic approach tendencies for
alcohol. We investigated whether changing cortical excitability with transcranial direct
current stimulation (tDCS) could enhance CBM effects in hazardous drinkers. We also
studied the underlying mechanisms by including behavioural (craving, implicit associations,
approach tendencies) and electrophysiological (Event Related Potentials) measurements. The
analytical sample consisted of 78 hazardous drinkers (AUDIT >8) randomly assigned to four
conditions in a two-by-two factorial design (control/active CBM and sham/active tDCS). The
intervention consisted of three sessions of CBM, specifically alcohol approach bias
retraining, combined with 15 minutes 1 mA tDCS over the left DLPFC. There was a pre- and
post-assessment before and after the intervention that included experimental tasks (Approach
Avoidance Task (AAT), Implicit Association Task (IAT)) and an electroencephalogram
(EEG) with an oddball and cue-reactivity task. TDCS decreased cue-induced craving (but not
overall craving) on post-assessment. CBM did not induce an avoidance bias during
assessment. During the training active and control CBM only differed in bias score during the
first session. We found no enhancement effects of tDCS on CBM. Electrophysiological data
showed no clear effects of active tDCS or CBM on the P300. There were no
electrophysiological or behavioural effects of repeated CBM and/or tDCS, except for an
effect of tDCS on craving. Applied in these specific ways these techniques appear to have
limited effects in a hazardous drinking population.

34



3.1. Introduction

Young adults, especially college students, show excessive and hazardous drinking (Hingson,
Zha, & Weitzman 2009). In hazardous drinkers a relation has been found between implicit
alcohol biases and alcohol consumption or alcohol related problems (R.W. Wiers et al.,
2007). Implicit alcohol biases represent preferences in processing of alcohol-related
information and can be measured with for example, an Implicit Association Test (IAT, Palfai
& Ostafin 2003), a Visual Probe Task (VPT, Townshend & Duka, 2001), or an Approach
Avoidance Test (AAT, R.W. Wiers et al. 2009). In a cognitive bias modification (CBM)
paradigm, some of these tasks are adapted into a training version (review: R.W. Wiers et al.
2013). In a specific type of CBM, the alcohol approach bias retraining, people learn to avoid
alcohol stimuli by pushing them with a joystick. A single session of this training was found to
reduce the alcohol approach bias in hazardous drinkers, and in those successfully trained (i.e.
became faster to avoid alcohol) reduced alcohol consumption in a subsequent taste test (R.W.
Wiers et al. 2010). In two patient studies the training was effective in reducing relapse (Eberl
et al. 2013; R.W. Wiers et al. 2011), and these outcomes were mediated by changes in
alcohol approach action tendency and approach association (Eberl et al., 2013; Gladwin et al.,
2015). We are interested in further enhancing bias changing effects of retraining with

transcranial direct current stimulation (tDCS).

TDCS is a neuromodulation technique with which a small electrical current is sent
through the brain, believed to influence excitability (Nitsche & Paulus 2000). Changes in
neural excitability and plasticity arise via cellular mechanisms that can influence membrane
polarisation (Monai et al., 2016; Nitsche et al., 2003). Due to changes in neuraal processes
electrical currents can increase cortical blood flow (a measure of brain activity) and modulate
cortical connectivity (Stagg et al., 2013, Zheng et al., 2012), the exact neural effects are still
under investigation, but the effects are likely variable and task-dependent. By modulating the
cortical activity and possibly increasing efficiency tDCS can influence cognitive processes;
working memory performance, which is highly dependent on the dorsolateral prefrontal
cortex (DLPFC), has often been successfully improved with tDCS over the DLPFC (review:
Brunoni & VanderHasselt, 2014). By also affecting NMDA receptors (Nitsche et al.,2003;
Monte-Silva et al., 2013), tDCS could enhance plasticity in the brain and is therefore of
interest to the goal of enhancing learning effects of cognitive training (Elmasry, Loo, &
Martin 2015), and in this study more specifically CBM. For example, greater Attentional Bias
Modification was obtained after a single session of DLPFC tDCS (Clarke et al., 2014). And
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better stop signal performance was found after a behavioural inhibition training combined
with anodal right inferior frontal gyrus (IFG, an area involved in inhibitory processes)
stimulation compared to sham stimulation (Ditye et al., 2012). In a sample of heavy drinkers
riIFG stimulation did not reduce craving, whereas left DLPFC stimulation did (den Uyl,
Gladwin, & Wiers 2015); others also show the potential clinical relevance of DLPFC
stimulation for alcohol craving (Boggio et al., 2008). Changing DLPFC activity is relevant in
relation to implicit biases, since when cognitive control (of which working memory is a
component of) is low, people are driven more by implicit alcohol biases (Wiers et al., 2013).
Also in cannabis users higher DLPFC activation during an approach trial predicted a decrease

in problem severity (Cousijn et al., 2012).

In this study we investigated whether tDCS could enhance the effects of alcohol
approach bias retraining on alcohol related implicit cognitive processes and drinking
behaviour. In order to further investigate the possible mechanisms of CBM and tDCS we
included a electrophysiological measurement with an electroencephalogram (EEG). Event
related potentials (ERPS) can signal abnormal processes that may contribute to the aetiology
of alcohol addiction. The P300, a positive peak appearing around 300-600 ms after
presentation of an infrequent stimuli (Polich & Kok, 1995), is frequently studied and is
believed to be able to signal motivational and emotional relevance (Hajcak, MacNamara, &
Olvet 2010). Previous research has shown that in an oddball task, with frequent non-target
stimuli and infrequent target stimuli, hazardous drinkers and binge drinkers have a higher
P300 peak for alcohol target stimuli (Petit et al., 2013; Ceballos et al., 2012). Also those
hazardous drinkers with a higher risk for dependence showed increased P300 for alcohol
stimuli (Bartholow et al. 2007; Bartholow et al. 2010), and alcohol dependent patients with
increased P300 for alcohol were more likely to relapse (Petit et al., 2015). This P300 response

can be useful to measure the objective motivational salience alcohol stimuli have.

In this study we use behavioural and electrophysiological measures to investigate
whether tDCS can enhance CBM in hazardous drinkers. The participants received three
sessions of a combination of (sham/active) tDCS and (control/active) CBM . Before and after
these training sessions they performed two implicit tasks to measure their alcohol approach
bias, and they completed an Oddball task and cue-exposure task, during which EEG was
measured. We expected that tDCS facilitated CBM would improve scores on alcohol related

measures (such as reduced craving, bias, etc.). The factorial design also makes it possible to
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compare main effects of tDCS and CBM on behavioural and electrophysiological measures to

further explore the underlying mechanisms of these techniques.
3.2. Method

3.2.1. Participants

The recruitment message for this study aimed at finding participants who drank heavily and
would like to cut back on their drinking. Participants were selected for participation if they
scored higher than 8 on the AUDIT (indicating hazardous drinking, Saunders et al., 1993),
but no screening questionnaire was used for motivation. Participants were screened for tDCS
safety criteria (such as epilepsy, neurological damage, see e.g. den Uyl, Gladwin, Wiers 2015
for an overview). We included 86 participants in the study, of which six dropped-out during
the experiment (scheduling difficulties) and two participants were excluded (one was a heavy
cannabis user, one did not speak fluent Dutch). The analytical sample resulted in 78 Dutch-
speaking participants (51 women, 27 men) between the age of 18 and 35 (mean: 21,8, SD:
3,2). All participants were randomly assigned to one of the four conditions of the 2-by-2
factorial design. All participants gave written informed consent and the study was approved
by the local ethical committee. Participants received either 60 euro’s or participation credits

for completing the experiment.
3.2.2. Intervention

Transcranial direct current stimulation: The stimulation was administered with two 35 cm?
electrodes inserted in saline soaked sponges. With rubber straps the anodal electrode was
placed on the F3 position of the 10-20 EEG system (corresponding to the DLPFC area) and
the cathodal above the contralateral supraorbital region. For active stimulation the current
was held constant at 1 mA for 15 minutes. Which is a current strength commonly and
successfully used in studies with healthy participants (e.g. Clarke et al., 2014; den Uyl,
Gladwin, & Wiers,2014; Gladwin et al., 2012). For sham stimulation the device was
automatically turned off after 30 seconds. The neuroConn device has a blinding function, so
that neither participant nor experimenter were aware of whether active or sham stimulation
was administered. The participants received only one session of (sham/active) tDCS a day
and received three sessions within three or four days.
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Approach bias retraining: While receiving the stimulation participants performed the
approach bias retraining. In this training participants viewed alcohol and non-alcoholic
pictures and responded to the orientation (here: left or right tilt, cf. Cousijn et al., 2011) of the
pictures, which caused either alcohol or non-alcoholic pictures to be pulled or pushed (cf.
R.W. Wiers et al. 2010). In the active training 90% of the alcohol stimuli required a pushing
movement with a joystick (during which the picture size also decreases, visualising
avoidance), and 10% of the alcohol pictures required a pulling movement (and vice versa for
the non-alcohol pictures). In the control training the contingency was kept at 50%, so
remained in assessment phase (cf. R. W. Wiers et al., 2011;2013) The stimuli set consisted of
25 alcohol and 25 non-alcohol pictures from the Amsterdam Beverage Picture Set (Pronk et
al. 2015). The training consisted of three blocks of 100 trials. During training session two and
three participants received the whole training one more time after the tDCS was finished in

order to maximise potential training effects.
3.2.3. Questionnaires

The Alcohol Use Disorder Identification Test (AUDIT) was used to screen for alcohol related
problems, where someone with a score of 8 or higher (out of 40) is considered a hazardous
drinker (Saunders et al. 1993). The Fagerstrom Test for Nicotine Dependence (FTND)
contained several questions assessing the severity of nicotine dependence (Heatherton et al.
1991). The items were summed to reach a score between 0 (very low dependence) and 10
(high dependence). The Readiness to Change Questionnaire (RCQ) contained 12 questions
and measured different stages (contemplation, precontemplation, action) of motivation to
change drinking behaviour (Budd & Rollnick 1996). A continuous scale (with
precontemplation reverse scored) was used where positive scores represented higher
motivation and negative scores lower motivation (range -24 to +24) (Forsberg et al. 2004).
The Alcohol Approach and Avoidance Questionnaire (AAAQ) measured craving (McEvoy et
al. 2004). We used the Inclined scale, measuring inclinations to approach alcohol, as an
outcome measurement, since it contained mild craving questions (den Uyl, Gladwin, & R.W.
Wiers 2015)°. This scale consisted of 4 questions on a 9-Likert scale, where higher scores
indicated higher craving. In order to measure alcohol use participants filled out how much
they had drunk on each day of the preceding week. A calendar and an explanation of a
standard drink (10 mg alcohol) were given as assistance. All drinks in the preceding week

¥ We also included a short 6 item DAQ before and after tDCS, which showed floor effects (only asks for strong
feelings of craving) and thus was not included.
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were summed to obtain a total score. Side effects due to tDCS were measured after each
stimulation session. On a 4 item scale participants indicated whether they experienced;

itching, burning, tingling, pain, headache, nausea, dizziness, or fatigue.

3.2.4. Behavioural outcome measurements

Approach Avoidance Task: The approach avoidance task is the assessment form of the
approach bias retraining. In this task 50% of the alcohol pictures were presented in push
format and 50% in pull format (same for non-alcoholic pictures). The task consisted of 96
trials. An approach bias was measured by calculating the median RT for each category and
then subtracting the push and pull trials for both picture types and then subtracting the
alcohol approach bias score from the non-alcohol approach bias score, so that a positive score

indicated an approach bias towards alcohol (R.W. Wiers et al., 2009).

Implicit Association Test: The IAT is a classification task that measured the strength
of association between two concepts (Greenwald, McGhee, & Schwartz 1998). Participants
were required to categorise words into two categories, alcohol vs. non-alcohol, and approach
vs. avoidance (Ostafin & Palfai., 2006). These categories were shown on each side of the
screen, while words (e.g. beer, cola, take, avoid) appear in the centre of the screen that were
categorised with a left (F) or right (J) button press. In an approach-alcohol block, alcohol and
approach words (and non-alcohol and avoidance) were categorised with the same response,
and in an avoid-alcohol block alcohol and avoid words (and non-alcohol and approach) were
categorised with the same response. For each category five different target words were used.
The 7-block structure was used, with single categories practise blocks (block 1,2,5), practise
blocks (3, 6) with both categories (10 trials), and an experimental block (4,7) with both
categories (40 trials). In block 5 the approach-avoidance categories switch, so that two
different blocks (alcohol-approach vs. alcohol avoid) were created, the order was
counterbalanced across participants. An approach bias was determined by subtracting the
average reaction time for the alcohol-approach block from the alcohol-avoidance block;
positive scores represented an approach association with alcohol.*

* We also administered an IAT with valence words, however this is not included in this paper, since hazardous
drinkers generally have a negative bias (den Uyl, Gladwin, Wiers 2015). We also included a paper-and-pencil
Stroop, which is also not included.
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3.2.5. Electrophysiological outcome measurements

Alcohol oddball task: In the oddball task in each block 48 frequent (office supplies)
stimuli were shown and 16 infrequent (8 alcohol, 8 non-alcohol) stimuli were shown. Each
block was repeated 4 times, resulting in 32 (12,5%) alcohol trials, and 32 (12,5%) non-
alcohol trials. The participants were instructed to push the left button (left hand) for objects
and the right button (right hand) for beverages (button press was counterbalanced). The
stimuli were shown for 800 ms, and interstimulus interval was jittered between 1000 and
1400 ms.

Cue craving task: In the craving task alcohol or non-alcohol pictures were presented
on the screen for 800 ms, after which a green screen indicated that participants could give a
response to the question how much they desired the drink they just viewed. Answers were
given on a scale from 1 to 4 (not at all, a little, much, very much), with number 1 to 4 on the
keyboard with the right hand. The order (1 = not at all, vs. very much) was changed in the
middle of the task and practised before each block so participants could indicate the right
feeling without looking at the keyboard. Twenty-four alcohol pictures and 24 non-alcohol
pictures were shown (of different types, e.g. beer and wine) were shown twice (resulting in

48 trials). Inter-stimulus interval (after response) was jittered between 900 and 1100 ms.

EEG recording and analysis: Electrophysiological data were recorded from 64 scalp
electrodes with a Biosemi system (Biosemi, Amsterdam, Netherlands). Six bipolar electrodes
were used; four were placed around the eyes to measure the horizontal and vertical eye
movements, and two were placed on the mastoids as a reference. Data was recorded with a
sampling rate of 1024 Hz. A low-pass filter of 100 Hz was used and data were down sampled
to 256 Hz offline. Data analysis was performed with Brain Vision Analyser Software
(Version 2, Brain products). All electrodes were re-referenced to the mastoids. A high pass
filter of 0.01 was used, and an extra 30 Hz low-pass filter was used for ERP analysis. The

algorithm of Gratton et al,. (1983) was applied for ocular correction.

Epochs (-200, 800) around stimulus presentation were created and baseline corrected
for both tasks. Epochs with artefacts were deleted by using semi-automatic artefact rejection.
In the Oddball per subject an average of 4,9 (pre-assessment) and 6.4 (post-assessment)
segments were deleted, in the craving task an average of 6.8 (pre-assessment) and 5.8 (post-
assessment) were deleted. There were no significant differences in amount of deleted

segments between conditions (p>.24), or beverage stimuli-types (p>.16). Epochs were
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averaged for each stimuli category. Peak detection was used to find the P3; for the oddball
task the peak between 300 to 650 ms after stimulus presentation was used, and since the ERP
of the craving task showed two peaks P3 was determined between 300-450 ms, and P3
extended (P3e) between 450-700 ms. The maximum amplitude were extracted for each
Stimulus-Type (Alcohol vs. Non-alcohol). We analysed the peaks on the frontal and parietal
right, central, and left, electrodes (F5, Fz, F6, P5, Pz, P6).

3.2.6. Procedure

Participants were screened for eligibility via email. Participants filled out the baseline
questionnaires (AUDIT, SCQ, RCQ, demographic questions) online (3 to 0 days) before the
experiment. The participants performed the following questionnaires and tasks (in this order);
alcohol use, craving, AAT, IAT, EEG (craving, oddball task), once in the pre-assessment and
once in the post-assessment®. In addition to this, participants performed a craving
questionnaire and another AAT assessment task before the second and the third intervention
session. The first intervention session was administered immediately after the pre-assessment.
All sessions were completed in the afternoon within five (mostly week) days. One week and
one month after the experiment participants received an email with follow-up questionnaires
(alcohol use, RCQ).

3.2.7. Statistical Analysis

All outcome measurements were analysed with a repeated measures ANOVA with Time (2,3,
or 4 measurements) as within factor, and the condition CBM (control vs. active) and tDCS
(sham vs. active) as between-subject variables. Some specific analyses included the within
factor Stimulus-Type (alcohol vs. non-alcohol). For the ERP analysis we also included the
specific electrodes as within factors Location ( parietal vs. frontal) and Hemisphere ( Left,
Central, Right).

3.3. Results

3.3.1. Demographic variables

There were no significant differences on baseline measurements between conditions (Table

3.1). Most participants tolerated the stimulation well (see Appendix A). When each side

® Data not included in this paper: During EEG measurement participants first performed a 3 minutes eyes closed
resting state. They also filled out short questions regarding their mood and sleep quality, and gave a saliva
sample for genetic analysis.
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effect was averaged over all sessions there was an interaction with tDCS and Side-effect-

Type F(7,518)=9.67, p<.01, npzz.12. Follow-up analysis for each side effect show that after
active tDCS (M=2.59, SE=0.15) participants report more itching then after sham (M=1.75,
SE=0.11, t(67)= -4.42, p<.01); participants report less fatigue (M=1.78, SE:0.16) and slightly
less nausea (M=1.02, SE=0.02) after active tDCS than after sham tDCS (fatigue: M=2.41,
SE:0.13, t(67)=3.07, p<.01, nausea: M=1.1, SE=0.03, t(67)=2.22, p=.02).

Table 3.1. Demographic and baseline variables.

Group: 1. 2. 3. 4. Total
M SE M SE M SE M SE M SE P-
value
n 20 19 20 19 78
F/M 13/7 12/7 14/6 12/7 51/27 97
Age 2095 043 2279 088 21.80 086 21.89 060 21.85 036 .23
AUDIT 1610 077 1532 086 17.60 1.02 1574 125 1621 0.49 .59
RCQ 063 045 063 038 050 040 054 041 357 020 .97
% smoker  40.0 42.1 40.0 26.3 372 04 .73
FTND 125 037 088 040 088 040 000 000 083 019 .52
scq 528 037 542 039 511 045 639 038 591 028 .16
Alcoholuse 23.76 3.88 17.79 2.88 2322 259 1932 3.40 21.08 161 .75
Craving
Inclined 483 027 560 038 506 036 480 043 507 018 .16
scale
ﬁgzroaCh 705 1857 584 1136 -10.8 1829 -299 19.09 -6.83 860 .60
ﬁf;_fc'at'o” 1448 38.01 21.18 3435 309 28.01 -443 2426 602 1590 .28

Note: Alcohol use disorder questionnaire (AUDIT), Readiness to Change Questionnaire (RCQ),

Fagerstrom Test for Nicotine Dependence (FTND), Alcohol Use (total amount of alcoholic drinks in

preceding week), Situational confidence questionnaire (SCQ).
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3.3.1. Behavioural results

Approach bias: The ANOVA showed no significant effect of time (over four sessions,
although a statistical trend was observed, p=0.06), and no significant interaction with tDCS,
or CBM (p>0.5). There was however, a significant main effect of CBM (F(1,72)=5.85, p=.02,
npzz.08). Although at baseline (or any other single session) the difference between active and
control CBM is non-significant (p=.12), when all sessions were taken together participants in

the CBM group had a stronger avoidance bias (Figure 3.1).

In order to examine the possible tDCS effects more thoroughly, we also analysed the
approach bias during training. Since in the training the contingency was 90-10%, it was
possible to calculate an approach bias with the few available approach-alcohol trials. The
sessions during which participants received tDCS were included in the ANOVA. As to be
expected there was a main effect of CBM (F(1,74)= 5.10, p=.03, np2:.06), there was also an
interaction with CBM and time (F(2,73)=7.26, p<.01, np2:.17). The interaction with time
showed that there was a difference in bias during training session one (t(50.81)= 3.53, p<.01),
but that this difference disappeared in session two (p=.21) and three (p=.14, Figure 3.1). Even
though in one condition alcohol-approach trials only occur in 10% of the task, there is no
difference in reaction times for frequent and infrequent trials after one training session. There

was no interaction with tDCS (p>.7).

Approach association bias: The ANOVA only showed a significant effect of Time (pre vs.
post-assessment, F(1,74)=10.25,p<.01, npzz.12), the approach bias went from slightly
positive at pre-assessment (M=6.40, SE=16.03) to more negative at post-assessment (M=-
38.50, SE=12.71). There was no interaction with tDCS or CBM (p>.26).

Craving inclined score: The ANOVA only showed a significant effect of Time (session x 4,
F(3,222)=2.81,p=.04, an:.O4); craving decreased over time, follow up contrasts showed that
compared to session 1 (M=5.07, SE 0.18), there was a significant reduction at session 3
(M=4.48, SE=.22, F(1,74)=8.59, p<.01, ,°=.10 )), and at 4 (M=4.56, SE=.25, F(1,74)=4.14,
p=.046, npzz.OS), and not session 2 (M=4.77, SE=-.21, p=.13) . There was no interaction with
tDCS or CBM (p>.18).

Alcohol use previous week: There was a trend for an effect of Time (pre-assessment, 1 week
follow-up, 1 month follow up)®, F(2,74)=2.70, p=.071, an:.SS); planned contrasts showed

® Post-assessment is not included since it overlaps partly with the pre-assessment.
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that from pre-assessment (M=21.02,SE=1.61) to 1 week follow-up (M=16.7,SE=1.5) there
was a significant decrease of alcohol use in the previous week (F(1,74)=5.05, p=.03), and the
decrease 1 month follow-up (M=17.25,SE=1.85) did not reach significance
(F(1,74)=3.44,p=.07). There was no interaction with tDCS or CBM (p>.61).

Figure 3.1. Approach
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3.3.2. Electrophysiological results

Alcohol oddball task: Due to noise in the EEG recording seven participants were excluded
from the analysis. Analysis of the reaction times of the oddball task with Time and Stimulus-
Type (alcohol vs. non-alcohol) showed a significant decrease over Time (F(1,67)=8.38,
p<.01, np2:.ll). There was also a main effect of Stimulus-Type (F(1,67)=25.12, p<.01,
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np2:.27), participants responded faster to alcohol stimuli (M= 484.53, SE=5.52), than non-
alcohol stimuli (M=472.98,SE=5.61).

The ANOVA with P300 amplitude showed a main effect of Time (F(1,67)=13.30,
p<.01, np2:.17), due to a decrease in the overall P300 for Targets. It also showed a main
effect for Location (F(1,67)=343.73, p<.01, np22.83), and Hemisphere (F(2,134)=47.7, p<.01,
npzz.46), and also a significant interaction Location x Hemisphere (F(2,134)=22.45, p<.01,
np2:.25), reflecting that the P300 was highest on Pz (Figure 3.2). There was a significant
interaction with Stimulus-Type and Location (F(1,67)=8.86, p<.01, an:.18); the P300 for
alcohol pictures was larger on the parietal electrodes, but not on the frontal electrodes. There

were no significant interactions with Time, Stimulus-Type and Condition.

Cue craving task: Due to noise in the EEG recording eight participants were
excluded. Analysis of the craving responses showed a significant main effect of Time
F(1,65)=5.36, p=.02, npzz.08, and of Stimulus-Type F(1,65)= 195.23, p<.01, an:.75 , Which
indicated that craving decreased the second session and was higher for non-alcohol pictures.
There was also a significant interaction with Time and tDCS F(1,65)=8.01, p<.01, np2=.11,
which showed that tDCS decreased craving. The interaction with Stimulus-Type was not
significant (p=.56). However, since we were specifically interested in alcohol craving we
analysed the stimuli separately and there was an interaction with Time and tDCS for alcohol
pictures (F(1,65)=4.43, p=.04, an:.06) (and no interaction for non-alcohol pictures
(p=0.15)). This showed that tDCS reduced cue-evoked craving for alcohol, note however,
that there is already a trend level difference at baseline (p=.10) (Figure 3.3).

The ANOVA for the P300 amplitude showed a main effect of Location
F(1,65)=368.44, p<.0l, n,’=.85 and Hemisphere F(2,130)=5.08, p<.01, 1,°=.07, and a
significant Location x Hemisphere interaction F(2,130)=27.79, p<.01, np2=.30, which showed
the P300 was highest at Pz (Figure 3.4). There was a significant interaction with Location and
Stimulus-Type F(1,65)=6.491, p=.01, np2:.09, there was a more positive peak for alcohol on
the parietal electrodes and a more negative peak on the frontal electrodes; however, the
separate analyses for each location were not significant (p>0.3). There was a significant
interaction with Time, Location, Hemisphere, and Stimulus-Type F(2,130)=3.54, p=.03,
np2:.05; the interaction was only significant for the parietal electrodes (F(2,65)=3.53, p=.04,
npzz.lO) and not the frontal electrodes (p=.16), follow-up analysis showed that the peak for
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alcohol stimuli decreased over Time on the Pz (t(68)= 2.18, p=.03) and P5 (t(68)=2.61,
p=.01), but not on P6 (p=.47) or for non-alcohol stimuli (p>.11).

The ANOVA for the extended P300 (P3e) amplitude showed a main effect of
Location (F(1,65)=203.58, p<.01, n,°=.76) and Hemisphere (F(2,130)=30.20, p<.01, n,°=.32)
, and a significant Location x Hemisphere interaction (F(2,130)=8.58, p<.01, np2:.12), which
showed that the P3e was also highest at Pz. There was a main effect for Stimulus-Type
(F(1,65)=5.81, p=.02, an:.OS) and an interaction with Location ((F(1,65)=8.42, p<.01,
np2:.ll); the P3e amplitude was larger for non-alcoholic pictures and this was more
pronounced at the Frontal electrodes. There was a significant interaction with Time,
Hemisphere, Stimulus-Type and tDCS (F(2,130)=8.58, p<.01, np2:.12). The effect was larger
for parietal (p=.09) then frontal electrodes (p=.30) and there was a significant interaction with
Hemisphere and tDCS for non-alcohol stimuli (F(2,130)=3.63, p=.03, nPZ:.OS) and not for
alcohol stimuli (p=.65). This interaction showed that there was an small increase in peak
amplitude on Pz and a decrease on P6 for sham-tDCS, and no difference for active-tDCS,
however, these follow-up tests for each electrode were all non-significant (p>0.34). There
was also a significant interaction with Time, Hemisphere, Location, CBM, and tDCS
(F(2,130)= 4.38, p=.01, an:.OG), but none of the relevant follow-up analyses on location or
hemisphere reached significance (p>.16).

Figure 3.3. Craving EEG
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Figure 3.2. Oddball ERP. ERP’s on the Pz for the Oddball task separately for each group (the number
corresponds with the group). 1: sham-tDCS with control-CBM, 2: active-tDCS with control-CBM, 3:
sham-tDCS with active-CBM, 4: active tDCS with active CBM. Light lines represent the pre-
assessment and dark lines the post-assessment. There is a clear Oddball P300 effect visible for target

(alcohol/non-alcohol) stimuli around 400-500 ms.
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Figure 3.4. ERP’s Craving task. ERP’s on the Pz for the Cue Craving task separately for each
group (the number corresponds with the group). 1: sham-tDCS with control-CBM, 2: active-tDCS
with control-CBM, 3: sham-tDCS with active-CBM, 4: active tDCS with active CBM. Light lines

represent the pre-assessment and dark lines the post-assessment.
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3.4. Discussion

In this study we investigated whether tDCS could enhance an avoidance bias trained with
CBM. There was a decrease in most measures over time; on average students showed a
decrease in craving, drinking, and approach bias. Several sessions of CBM did not reduce
approach bias (in the AAT or IAT) at post-assessment, but surprisingly, analysis of the bias
scores during the second training session indicated that in both the control training and active
training no bias was found (i.e. bias scores were around zero). In the absence of clear CBM
effects it is perhaps not surprising we found no evidence for an enhancement of CBM due to
tDCS in any of the outcome measurements. TDCS itself did not reduce craving on the
Inclined scale of the alcohol craving questionnaire; however, it did reduce cue-evoked
craving for alcohol pictures in the EEG task. Another possibly interesting tDCS effect was
that participants reported less fatigue after active stimulation. The different interventions did
not affect the P300 for alcohol stimuli.

CBM did not lead to a more negative bias over time; training data showed that after
the first training participants did not show a bias, that is they were as fast to approach alcohol
as to avoid alcohol stimuli. It is likely that participants learned to fully ignore the contents of
the picture and only responded to the task-relevant (content-irrelevant) feature, the tilt of the
picture, and that this reduced the efficacy of the training. However, in alcoholic patients no
significant differences were found between a relevant and irrelevant feature version of the
training (R.W. Wiers et al., 2011). For future studies with a sub-clinical sample it might be
better to create a relevant feature training condition. Furthermore a previous study with two
sessions of approach bias retraining (also irrelevant feature 90-10%) with heavy drinking
undergraduates also did not find evidence of training effects (Lindgren et al., 2015). It is
likely that hazardous drinkers perform differently than alcoholic patients, since there are
many differences in population characteristics, for example, the gender distribution, age,
severity of impairments, and motivation to change behaviour. We tried to recruit participants
who wanted to reduce their drinking, but on average motivation to change was low. Although
we focused on changing automatic processes (which could occur independent of motivation)
future studies might benefit from recruiting only participants with high motivation to change
(Wiers et al., 2016). Students were also not asked to abstain from drinking during the period

in which they performed sessions of the experiment.
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With an absence of clear CBM effects it becomes difficult to judge whether tDCS
could enhance the training. Although tDCS showed no effect on reaction times during the
training, it remains to be investigated whether tDCS can enhance CBM when it is successful
in reversing a bias, for instance, in clinical samples. It should be noted that recent
neuroimaging findings demonstrated an important role for the medial prefrontal cortex in
reducing approach bias scores (C.E. Wiers et al., 2015a). This area is important for encoding
the motivational value of the addictive stimuli; it could be that effectiveness of CBM
treatment is mostly dependent on changing the automatic reactions towards these alcohol
stimuli, and less dependent on the cognitive control over these stimuli. In that case,
improving cognitive and inhibitory processes in the DLPFC might not be an effective
strategy to reduce this cognitive bias. Also since tDCS does not directly activate neurons, but
facilitates activation, the effects are highly dependent on the activated brain networks, if the

relevant networks are not (or already optimally) activated it might not have any effects at all.

As found in previous studies tDCS could reduce cue-evoked craving, specifically the
desire to drink presented pictures of different beverages (Boggio et al., 2008). It is likely that,
especially in this non-dependent sample, cue-evoked craving is a more appropriate target for
craving reduction; compared to simple questions an alcohol cue is more potent in creating a
craving response, and thus the potential to control it. However, these effects on craving still
remain unstable due to low craving scores and a small baseline difference. There was an
interesting unexpected difference in the side-effects after tDCS stimulation. The decrease in
fatigue after tDCS might represent more efficient processing during the CBM task, thereby
not causing an increase in fatigue. Improved efficiency or attention would not lead to a
stronger bias, but it could for example, lead to improvements in working memory in long and

difficult tasks, where sustained attention is important.

These specific electrophysiological measures did not provide extra information as an
intervention outcome in this study. Similar as in previous research (Petit et al., 2013;
Ceballos et al., 2012), a higher amplitude for the P300 peak was found for alcohol pictures on
the parietal electrodes, which could indicate preferential processing of alcohol stimuli in this
sample. Hazardous drinkers also responded faster to alcohol stimuli in the oddball task. An
important note regarding the task is that both infrequent and frequent stimuli required a
response, thus lacking the inhibitory effect typically seen in Oddball tasks. The inhibitory
effect might be especially relevant for finding a large difference between alcohol or non-

alcohol stimuli in the physiological response. The craving task showed a similar larger P300
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for alcohol stimuli on the parietal electrodes, but a higher extended P300 peak on the frontal
electrodes for non-alcohol stimuli, which might be related to the larger craving response
participants showed for non-alcohol stimuli. The P300 for alcohol stimuli was slightly
reduced after the intervention on the central and left parietal electrodes, possibly indicating

some reduced sensitivity for alcohol pictures, however, this did not differ per condition.

This study did not show that CBM has any effects in a hazardous drinking student
sample, most likely due to the participants characteristics (non-abstinent and non-clinical)
and/or due to the specific training (irrelevant feature). TDCS did not have any effect on
CBM, either during training or on the outcome measurements. The ability of tDCS to reduce
alcohol cue-evoked craving was further supported within a sub-clinical sample, and a
beneficial effect on fatigue was unexpectedly found. Although in this sample the tDCS
effects did not extend to actual drinking behaviour, and did not have electrophysiological
consequences, it is important to note that we examined effects that occur after an
intervention, and not direct effects that occur immediately after CBM or tDCS. Our results
support the further use of tDCS as a method to reduce alcohol craving and may help develop

new ways to enhance cognitive training with tDCS.
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Abstract
Two studies showed an improvement in clinical outcomes after alcohol approach bias
retraining, a form of cognitive bias modification (CBM). We investigated whether
transcranial direct current stimulation (tDCS) could enhance effects of CBM. TDCS is a
neuromodulation technique that can increase neuroplasticity, and has previously been found
to reduce craving. One hundred alcohol-dependent inpatients (91 used for analysis) were
randomized into 3 experimental groups in a double-blind parallel design. The experimental
group received 4 sessions of CBM while receiving 2 mA of anodal tDCS over the DLPFC.
There were two control groups: One received sham stimulation during training and one
received active stimulation at a different moment. Treatment outcomes were abstinence
duration (primary) and relapse after 3 and 12 months, craving, and approach bias (secondary).
Craving and approach bias scores decreased over time; there were no significant interactions
with experimental condition. There was no effect on abstinence duration after three months
(x2(2) =3.53, p=0.77). However, a logistic regression on relapse rates after one year,
(standard outcome in the clinic, but not-preregistered), showed a trend when relevant
predictors were included; relapse was lower in the condition receiving active stimulation
during CBM only when comparing to sham stimulation (B=1.52, S.E.=.836, p=.07, without
predictors: p=.19 ). No strong evidence for a specific enhancement effect of tDCS on CBM
was found. However, in a post-hoc analysis tDCS combined with CBM showed a promising
trend on treatment outcome. Important limitations are discussed and replication is necessary

to find more reliable effects.
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4.1. Introduction

Alcohol dependence is characterised by reduced self-regulation, increased cravings, and
frequent relapses, and is difficult to treat with treatment response rates of 40 to 60% after a
year (Project MATCH Research Group, 1997; Koob & Volkow, 2010). Two recent studies
with large samples showed a beneficial effect of cognitive training aimed at retraining
automatic approach reactions towards alcohol, when added to regular treatment (R.W. Wiers
et al., 2011; Eberl et al., 2013). In this form of cognitive bias modification (CBM), patients
perform several sessions in which they repeatedly simulate pushing away alcohol, by pushing
away pictures with a joystick. Relapse rates one year after treatment discharge were reduced
by 13 and 9%, respectively (R. W. Wiers et al., 2011; Eberl et al., 2013), and this effect was
mediated by a change in cognitive bias (Eberl et al., 2013; Gladwin et al., 2015). Although
these effects are promising, one year after treatment still almost half of the patients had
relapsed. Hence, there is still room for improvement. This study investigated the potential of
transcranial direct current stimulation (tDCS), a brain stimulation technique that can increase

plasticity (Nitsche & Paulus 2000), to augment alcohol approach bias retraining.

TDCS modulates neuronal processing via a small electrical current. The current
(usually 1 to 2 mA) near the anodal electrode can increase excitability in the underlying
cortex, whereas the cathodal electrode can decrease excitability (Nitsche & Paulus, 2000).
These changes in excitability can facilitate or inhibit associated cognitive processes. First
studies indicate that stimulating the cortex could improve cognitive training (Elmasry et al.,
2015), making the technique of interest to CBM.

The dorsolateral prefrontal cortex (DLPFC) has been frequently targeted in research
ranging from working memory (Brunoni & Vanderhasselt, 2014) to depression (Nitsche, et
al., 2009), with promising results. Recent studies have also found that stimulation of the
DLPFC can reduce alcohol craving (Boggio et al., 2008, den Uyl et al., 2015) and tDCS
sessions on five consecutive days could reduce alcohol relapse (Klauss et al., 2014) and
amount of cigarettes smoked (Boggio et al., 2009). The DPLFC is involved in executive
functions (e.g., planning, flexibility and goal directed behaviour), which are related to
addiction (Goldstein & Volkow, 2011). Decreased craving is correlated with increases in
DLPFC activation, which could be related to improvements in self-regulation (Kober et al.,
2010). Further, alcohol stimuli induce strong craving responses in alcohol dependent patients,

and these could increase motivation to approach alcohol (Veilleux & Skinner, 2015).
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Approach inclinations towards alcohol and craving are closely linked theoretically (Breiner et
al., 1999). If stimulating the DLPFC can increase self-regulation, it could help patients to
overcome automatic approach tendencies for alcohol. It should be noted that as yet studies of
effects on implicit measures in heavy drinkers have not supported the hypothesis that anodal
tDCS of the DLPFC can reduce such biases (Gladwin et al., 2012, den Uyl et al., 2014, den
Uyl et al., 2016). Nevertheless, tDCS could improve the efficacy of alcohol approach bias
retraining in a clinical sample, e.g. by increasing the ease with which new avoidance

associations are formed or by increases in cognitive control over these associations.

This study will therefore investigate whether tDCS enhances the effects of approach
bias retraining, primarily by comparing the effects of four sessions of CBM with left DLPFC
tDCS with four sessions of CBM with sham tDCS. In the first patient study with alcohol
approach bias retraining four sessions were sufficient to influence alcohol bias and relapse
(R.W. Wiers et al., 2011). The study is done in the same clinic as the previous two CBM
studies; where, given previous positive findings, approach bias retraining is now part of
regular treatment. However, since tDCS already has been found to diminish craving by itself,
we wanted to control for these effects. In order to separate a main effect of tDCS from an
enhancing effect on CBM we introduced an extra control group that also received four active
tDCS sessions, but not simultaneously with training. We hypothesized that combining tDCS
with CBM would result in a stronger reduction of the alcohol approach bias and a stronger
reduction in craving, compared to the control groups. We also hypothesised that the
combination of tDCS and CBM would have a beneficial effect on treatment outcomes: length

of abstinence and occurrence of relapse after three months and one year.

4.2. Method

4.2.1. Participants

The study was performed in the Salus clinic, Lindow in Germany, where patients received
three months of inpatient treatment. Patients participated in testing between February and
July 2014. Participants were recruited within the first weeks of their treatment and could
participate if none of the tDCS exclusion criteria applied (exclusion criteria were: epilepsy,
multiple sclerosis or other neurological illness, previous brain injury/infection, metal in the
brain, pacemaker, pregnancy, claustrophobia, recent fainting/panic attack, frequent headaches

or dizziness, eczema or other skin conditions). We aimed at a sample of 90, which would
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give reasonable power to find medium to large effects (similar to Klauss et al., 2014), and
was considered feasible. To account for dropout a total of 100 patients were included in the
study. The analytical sample consisted of 91 patients (Figure 4.1), consisting of 30 women
and 61 men, mean age 47 (SD 8.8) years (Table 4.1). Two patients did not continue the study
(without providing a reason), one patient dropped out due to the tDCS being uncomfortable,
one realised later that she was not allowed to participate (due to history of epilepsy), three
patients left the clinic during treatment, two were excluded after finishing the study (one due
to a testing error, one did not receive standard treatment). All participants gave written
informed consent. Ethical approval was received from the ethics committee of the German
Pension Fund (the financer of treatment of alcohol dependence in rehabilitation clinics) and
the University of Chemnitz. The trial was registered in the Dutch Clinical Trial Registry
(Number: NTR4475).

Enrollment

‘ Assessed for eligibility (n=150-300) |

Excluded (n = not recorded) |

>
| Randomized (n=100) |
v
Allocation l l l

Allocated to intervention 1 (n=31) Allocated to intervention 2 (n=33) Allocated to intervention 3 (n=36)

— Received allocated intervention (n=30)
— Did not receive allocated intervention
(testing error (n=1).

- Received allocated intervention (n=33)
— Did not receive allocated intervention (left
the clinic early (n=1), did not fit inclusion

- Received allocated intervention (n=31)
- Did not receive allocated intervention (left
the clinic early (n=2), dropout due to side-

criteria (n=1) effects (n=1), did not attend appointment

(n=2)

Analysis A A4 A
e P

Analysed (n=30) Analysed (n=30) Analysed (n=31)
" Excluded from analysis (n=0) - Excluded from analysis (was already — Excluded from analysis (n=0)
abstinent) (n=1)

Follow-Up A \ 4 \ J
bt S )
Analysed for follow-up (3 months: n=23, 1 Analysed for 1 year follow-up (3 months: Analysed for 1 year follow-up (3 months:

year: n=21)
Lost to follow-up (could not be reached) (3
months: n=7, 1 year: n=9)

n=19, 1 year: n=18)
Lost to follow-up (could not be reached) (3
months: n=12, 1 year: n=12)

n=20, 1 year: n=25)
Lost to follow-up (could not be reached) (3
months: n=11, 1 year: n=6)

Figure 4.1. Flow Diagram according to CONSORT 2010.
4.2.2. Design & Treatment

Design: This study used a double-blind design with three experimental conditions. Since
approach bias retraining was a regular part of treatment, all groups received four sessions of
this training, while undergoing (sham/active) tDCS. The training was initiated after the tDCS
was turned on for approximately 1 minute and lasted for 15-20 minutes (depending on the
speed of the participant). In order to maintain the double blind structure all participants also
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received 4 sessions of (sham/active) tDCS while watching a neutral nature video. Hence,
participants could receive active stimulation either during CBM or during the video without
the patient or the experimenter knowing the condition. Participants were randomly assigned
to one of three conditions; 1. Experimental intervention: active tDCS during CBM (and sham
during video), 2. Active control intervention: Sham tDCS during CBM (and sham during
video), 3. Additional Active control intervention: active tDCS separate from CBM (sham
tDCS during CBM, and active tDCS during video). The tDCS device had a blinding function,
which used pre-programmed 5 number codes that determined whether active or sham
stimulation was given. The different conditions were created by selecting the appropriate
(sham/active) codes for each block; the list was subsequently randomised with the Excel rand
function, so none of the involved researchers knew the group condition. The order of first
receiving the block of CBM or video sessions was counterbalanced.

Transcranial direct current stimulation: In each session rubber straps were attached to the
head to hold the saline soaked sponges that contained the electrodes. A 35 cm? electrode was
used over F3 (targeting left DLPFC), and a 100 cm? electrode was used over the F4, to
approximate unilateral stimulation (Boggio et al,. 2009). In order to reduce shunting, care
was taken that the electrodes were at least 8 cm apart (by slightly adjusting the F4 electrode).
The current strength was 2 mA and administered with a neuroConn DC-stimulator Plus. In
order to reduce the likelihood that patients recognised the sham stimulation a longer ramping
period was used of 2 minutes (O’Connel et al., 2012); the fade-out time was 10 seconds.
During tDCS sessions with active stimulation the current lasted for 20 minutes (including
fade-in), during sham stimulation the current was automatically turned off after 30 seconds
(after fade-in).

Alcohol approach bias retraining: In this task participants were required to respond to tilted
pictures of alcohol-containing beverages and of soft-drinks, with an approach or avoidance
movement. In total 16 alcohol and 16 soft-drink pictures were used. The participant was
instructed to make a pull movement when the picture was tilted to the left, and to make a
push movement when the picture was tilted to the right. Congruent with a pull-movement the
picture became larger, suggesting approach, and with a push-movement the picture became
smaller, suggesting avoidance. Participants received a training in which all alcohol pictures
were presented in the push-format, and all non-alcohol pictures in the pull-format. Each
training session consisted of 390 trials, which were preceded by 40 assessment trials. During

assessment the contingency of pushing or pulling alcohol or soft-drink was 50%.
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4.2.3. Outcome measures

Approach Avoidance Task: The assessment version of the task was similar to the training
version, but the contingency of pushing or pulling alcohol (or soft-drink) was 50%. The task
contained 80 trials (20 per condition) and included 10 alcohol pictures and 10 soft-drink
pictures. It was preceded by 12 (in the first assessment) or 4 (in the second assessment)
practise trials with neutral tilted images in order to familiarize the patients with the push and

pull movements in response to picture tilt.

Pennsylvania Alcohol Craving Questionnaire (PACS): Craving was measured with a German
translation of the PACS craving questionnaire (Flannery et al., 1999), which measured
overall craving in the preceding week. It included 5 questions on the frequency and strength
of craving, with different answer options on a 0 to 6 scale; which were summed for a total

Score.

Relapse: We investigated length to relapse (primary outcome) after three months and
occurrence of relapse after three months and one year. Patients were contacted via a letter,
which was sent to them three/twelve months after discharge from the clinic, with questions
regarding their frequency and latency of relapse and further treatment. If no response was
given, patients were contacted via telephone. There is a discrepancy in the data we collected
compared to what was in the trial registration; we have not been able to collect percentage of
drinking days, since this would have required an unfeasible change in the standard follow-up
procedure of the clinic. For the three months relapse data, relapsed was defined as more than
one lapse or a lapse of more than 3 days (as in R. W. Wiers et al., 2011), for the one year
measurement relapse was defined by clinicians who were blind to condition, scored in
accordance with the German Addiction Society (as in R. W. Wiers et al., 2011; Eberl et al.,
2013). Two scores were used, complete abstinence, and improvement (no more than one
relapse and abstinent again for at least one month at follow-up), both were scores as success,

in line with standard procedures in the clinic.
4.2.4. Questionnaires

Alcohol Use Disorder Identification Test (AUDIT): Hazardous alcohol use was measured
with a German version of the AUDIT (Dybek et al., 2006, Saunders et al.,1993). It contained
10 questions on alcohol use and problems over the last year with answer options ranging
from 0 to 4 points.
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Beck Depression Inventory (BDI): Symptoms of depression were measured with a German
version of the BDI (Beck & Steer, 1993, Hautzinger et al., 1994). It contained 21 questions
with statements on mood and feelings in the past week with answer option ranging from 0 to
3 points.

Symptom Checklist 90-R (SCL90-R): Physical and psychological impairment of a person in
the past week was measured with the German version of the SCL-90-R (Derogatis, 1983,

Franke, 1995). It contained 90 questions, with answer option ranging from 0 to 4 points.

Adverse effects tDCS questionnaire: Possible side effects of the tDCS stimulation were
assessed with an adapted version of the Adverse Effects tDCS questionnaire translated to
German (Brunoni et al., 2011). It contained 10 possible side effects (itching, tingling,
burning, scalp pain, neck pain, headache, dizziness, sleepiness, trouble concentrating,
nausea), which were scored on a 1 to 4 scale, and also included the question whether the side
effect was believed to be related to tDCS (also scored on a 1-4 scale). We also added two
questions on the strength of the stimulation and the uncomfortableness of the stimulation, on
a scale of 1 to 10.

4.2.5. Procedure

After entering the clinic, patients were asked to attend an information session about the study
where they received information and could decide whether they would like to participate.
Patients filled out the list with exclusion criteria, which were checked by their physician.
When patients entered the clinic, and again when they left, they performed a test battery to
assess neuropsychological functioning. The alcohol approach bias assessment data was
gathered in this ‘neurocheck’ test battery (which included a working memory task, Stroop
task, AAT, and IAT). Participants started the study sometime between their second to fifth
week in the clinic. When participants were suitable and willing to participate, an appointment
was made by the experimenters; during their first appointment, patients were allocated to one
of the three conditions. On the first day of the experiment, they filled out the PACS’. Then
followed the first training block of four sessions of CBM or video-presentation with tDCS
stimulation. All four sessions were completed within one week, with only one training

session per day. After the first block, there was a break of at least one week between the last

" patients also did a physiological cue-exposure measurement during this pre- or post-assessment, and a working
memory task was performed before block 2 and in the post-assessment. These data are not included in this
paper. Participants also filled out short mood visual analogue scales at the beginning and end of each testing
day.

60



session of block one and the first session of block two. The four sessions within block two
were also performed within one week. At the beginning of block two and after block one the
PACS was administered again (for simplicity only the final assessment is included in the

analysis).
4.2.6. Data Analysis

For the continuous outcome variables (PACS, alcohol bias) with multiple measurements, we
used a repeated measures ANOVA with the different time-points (before and after treatment)
as within factor and Condition as between factor. In case of a large deviation of normality
(PACS scores) a non-parametric test was also performed (a related sample Wilcoxon Signed
rank test for time effects and a Kruskal-Wallis test on difference scores for between-subjects
effects). These non-parametric outcomes were only reported if they differ in conclusion from
the ANOVA. A non-parametric test was also used for length to relapse. For effect-size
calculations for parametric tests, partial eta squared was used, and for non-parametric tests
Cramer’s V was used. For the binary relapse data we performed automatic multiple
imputation (MI, with SPSS 20) to estimate the missing values. Since we had approximately
30% missing data, we used 30 imputations (Bodner, 2008). We used all demographic
variables from Table 4.1 and the outcome measures from Table 4.2 as predictors. We
performed a logistic regression with complete cases and M1 analysis. The same predictors as
in R. W. Wiers et al. (2011) were entered in the first step, since this study was similar and the
predictors were relevant for relapse prediction, which allows for testing incremental variance
explained in the second step (cf. Cohen et al., 2013). Condition was entered as two dummy
variables in the second step. To obtain a pooled result in the MI analysis of the second step
we used the median p-value, which gives a good estimate of the significance of a categorical
variable (personal communication with I. Eekhout). In case of a follow-up analysis we

compared two groups separately in the logistic regression.

4.3. Results

4.3.1. Demographic variables

Except for one patient who did not continue the study due to side effects, the patients
tolerated the stimulation well. Participants typically reported either no or small side effects
and could not discern sham or active stimulation (see Appendix A). Patients reported more
side effects (such as itching, burning, sleepiness) during active stimulation, but could not
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differentiate between active and sham stimulation (See Appendix A). All patients were
randomly assigned to one of the 3 conditions; however, there was a significant baseline
difference in when participants started the experiment and also a trend level difference in
AUDIT score. Patients in group 1 started on average a few days later then groups 2 & 3, and
had a slightly higher AUDIT score (Table 4.1).

Table 4.1. Demographic variables.

1. active tDCS + 2. sham tDCS+ 3. active tDCS separate

CBM CBM from CBM
M SD M SD M SD p
Gender (F/M) 10/20 9/21 11/20 0.901
Smoker (Y/N) 21/9 26/4 21/10 0.241
Age (years) 49.7 9.1 46.4 8.2 46.8 9.0 0.291
Duration problems (years) 11.3 9.0 12.8 10.4 11.0 10.3 0.623
Alcohol problems (AUDIT) 27.5 6.5 24.0 6.2 24.3 7.3 0.086
Number of detoxifications 2.5 2.5 2.0 2.6 1.7 2.0 0.234
Duration of treatment (days) 82.0 8.0 80.1 11.0 81.1 10.8 0.765
Start experiment (days) 27.5 114 22.3 8.7 20.3 8.3 0.012
Depression (BDI score) 13.0 9.2 16.0 13.3 12.3 13.1 0.438
Mental burden (GSI SCL-90) 63.1 10.8 63.2 12.2 57.7 11.8 0.110
Craving baseline (PACS) 7.3 5.7 5.9 5.7 4.4 53 0.142

Note: Overview of the mean (M) and standard deviation (SD) of the baseline scores for all
demographic variables per group. There is a difference in the amount of days in the clinic after which
the participants started the study. AUDIT = Alcohol use Disorder Identification Test, BDI = Beck’s
Depression Index, SCL-90 =Symptom Checklist-90-Revised, PACS = Penn Alcohol Craving

Questionnaire.

4.3.2. Alcohol bias

The data for the pre-intervention and post-intervention alcohol bias was collected separately
during the neuropsychological test-battery; however, since not all patients attended this
appointment 23% of the data is missing (2 missed both assessments, 2 missed the pre-
treatment assessment, 14 missed the post-treatment assessment, 2 had the assessment at the
wrong time). The task showed moderate internal reliability (see Appendix B). There was a
main effect of Time, F(1,67) =17.18, p < 0.01, npz =0.204, representing a reduction in alcohol
bias from pre to post-treatment, but no interaction with Condition, p=0.27, npz =0.038 (Table
4.2).
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To further investigate effects of tDCS on bias scores, we also analysed the short
assessment before each training session. Since we wanted to compare tDCS and sham effects
during CBM, the group receiving tDCS separate from CBM (of which half had already
received tDCS) is excluded from this analysis. Again, a main effect of Time was found,
F(3,174) = 5.27, p=0.002, npz = 0.083, but no interaction with Condition F(3,174) = 3.37,
p=0.252, npz = 0.023. When we explored the temporal effects more closely with a simple
contrast with session 1 as a reference category, there was a significant Session x Condition
interaction for session 2, F(1,58) = 4.26, p=0.044, npz =0.068, but not for sessions 3 or 4, both
p>0.2 (Figure 4.2).

Figure 4.2. Alcohol bias
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4.3.3. Craving

Craving decreased over Time, F(1,87) = 7.98, p<0.01, npz = 0.084, but there was no
interaction with Condition, p=0.38, npz = 0.022 (Table 4.2). Overall craving was very low
with a mean score of 5.9 (out of possible 30 points), and the scores were highly skewed
(29.7% of the participants scored O craving at assessment 1), but non-parametric alternatives

also only showed a main effect of Time.

4.3.4. Relapse after three months

Three-months follow-up data was obtained from 68% of the participants (Table 4.2b). There
was no significant difference between groups in the primary outcome time to relapse XZ(Z)

=3.53, p=0.77, V=0.13. A logistic regression was computed with the predictors gender,
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alcohol problems and psychopathology-related variables, in the MI analysis the median of all
imputations was not significant (step 2: ¥*(2) = 2.49, p=.29; Complete case (CC) analysis:
p=.23). AUDIT score was a trend-level significant predictor of relapse; more alcohol
problems were associated with higher chance of relapse (Table 4.3).

Table 4.2. Intervention outcomes.

a 1. active tDCS + CBM 2. sham tDCS + 3. active tDCS separate
CBM from CBM

Outcome measurements M SE M SD M SD p

Craving Pre-assessment 7.1 1.0 5.9 1.0 4.4 1.0 38

(PACS) Post-assessment 5.6 1.0 4.4 1.0 41 1.0 ’

Alcohol Pre-assessment 433 30.3 13.2 31.7 69.3 28.5

bias Post-assessment -26.8 17.1 -38.7 17.9 -58.0 16.1

Clinical Time to relapse 5.4 1.7 7.1 1.3 6 1.4 .76

(cQ) (n=17)

b 1. active tDCS + 2. sham tDCS + 3. active tDCS separate
CBM CBM from CBM

Outcome measurements Relapsed Abstinent  Relapsed Abstinent Relapsed Abstinent

Clinical Three months 12 (7) 18 18 (11) 12 15 (11) 16

(CC) One year 12 (9) 18 19 (12) 11 12 (6) 19

Table 2a shows the results on continuous outcome measurements; craving, alcohol bias, and time to
relapse. The mean and standard error is given for the pre- and post-assessment, p-values represent
outcomes of the ANOVA interaction Time x Condition. PACS = Pennsylvania Alcohol Craving
Questionnaire. Table 2b shows the binary results of the relapse occurrences. Missing is relapse data

is shown with amount of patients that are missing within brackets.
4.3.5. Relapse after one year

One year follow-up data was obtained from 70% of the participants (Table 4.2b). The median
of the logistic regression showed a trend-level significant effect of treatment condition (step
2: ¥%(2) = 5.37, p=.07 (Table 4.3), CC analysis: p=.07). There were no other significant
predictors of relapse. A follow-up analysis indicated a trend level effect between the active
tDCS combined with CBM group compared to the sham-tDCS group (B=1.52, S.E=.836,
p=.07, CC analysis: p=.03 ), indicating slightly less relapse after 1 year in the experimental
group. However, only when controlling for other predictors; when covariates were excluded
the effect was no longer significant (p=.19, CC: p=.09). The combined and separate tDCS
group comparison was not significant (p=.68), nor the comparison between the tDCS

separately from CBM and sham-tDCS group (p=.19).
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Table 4.3. Logistic regression results with missing=relapse data for 3 months and 1 year.

3 months relapse 1 year relapse
Variable B SE Wald p B SE  Wald p
Step 1 Gender 0.936 0.564 2.760 .097 0.736 0.538 1.873 .171

Duration alcohol problems  0.016 0.025 0.396 .529 -0.029 0.025 1.333 .248
Number of detoxifications -0.231 0.118 3.874 .049 0.054 0.109 0.244 .622
Alcohol problems (AUDIT) 0.103 0.041 6.462 .011 0.053 0.037 1.996 .158

Duration of treatment (days) -0.079 0.029 7.189 .007 -0.021 0.024 0.743 .389

Depression (BDI) 0.039 0.037 1.133 .287 -0.035 0.036 0.946 .331
SCL-90-R -0.027 0.053 0.271 .603 0.041 0.051 0.649 .421
Step 2 Dummy 1 tDCS simultaneous -1.082 0.617 3.074 .080 -1.420 0.601 5.585 .018
Dummy 2 tDCS separate -.372 0.593 0.394 .530 -1.138 0.586 3.779 .052

Note: AUDIT = Alcohol use Disorder Identification Test, BDI = Beck’s Depression Inventory, SCL-90
=Symptom Checklist-90-Revised, PACS = Pennsylvania Alcohol Craving Questionnaire. In condition
dummy 1 the group that received tDCS simultaneous with CBM is scored as 1 and the other 2 groups
as 0, in the condition dummy 2 the group that received tDCS separate from CBM is scored as 1 and

the other 2 group as 0.

4.4. Discussion

In this study we failed to find the predicted enhancement effect of tDCS on CBM training. A
promising trend was found on probability of relapse (on the one-year follow-up measure used
standardly in the clinic, but not preregistered), but the hypotheses regarding the addition of
tDCS to cognitive training in alcoholism treatment were not confirmed for alcohol approach
bias, craving, or time to relapse. In an exploratory analysis on the effect of tDCS on bias
scores from training session 1 to session 2, we found a small beneficial effect, which is in line
with the theoretical mechanism that tDCS would improve the rate of learning. However, this
(small) effect did not persist over time, since both groups reached the same avoidance bias in
session four and there was no effect on alcohol bias pre- and post-intervention scores; the
clinical relevance then is questionable. The relapse rates are promising with more patients
remaining abstinent in the group that received tDCS combined with CBM. There was no

difference between the groups that received tDCS in combination with or separate from
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CBM,; it is therefore difficult to say whether this protective effect on relapse was due to active
tDCS or the simultaneous application of tDCS during CBM sessions. Furthermore, the effect
IS not very robust, being only trend-level significant in the least biased multiple imputation
analysis, and only when covariates were taken into account. Nevertheless, enhancing
plasticity in the DLPFC may have contributed to improvements in treatment retention or
general improvements in regulating behaviour. In dependent patients the DLPFC shows
dysfunctional activity when regulating memory, attentional and inhibitory processes related
to alcohol (Goldstein & Volkow, 2011); repeated stimulation of this area may help restore its
functioning (Fecteau et al., 2010). Better measurements need to be further investigated to find
the exact underpinnings. For example, by including neuroimaging techniques which may be
used to associate stronger activations in the stimulated areas during cognitive control tasks to

better treatment outcome.

A limitation of the study is that there were some inconsistencies in the clinical trial
registration and the execution of the study. We had originally planned (and registered) to use
length of abstinence as a primary outcome measure and frequency of drinking days as
secondary, since a continuous measurement could reveal more subtle effects. However, that
appeared not feasible in the reality of clinical research. Further, abstinence duration has the
disadvantage of only being available for the subset of patients who relapse, and does not
include information about the relapse distribution or severity of relapse. Experiments in a
clinical setting represent several difficulties; it is also challenging to control for comorbidity,
medication use, and drop-out, and these implications could influence outcomes. Another
limitation of the study is that only active CBM conditions were used, preventing a full
factorial design involving placebo CBM. Consequently, the conclusions drawn from this
study are limited to effects of tDCS manipulations given in addition to active CBM.
However, the fact that active tDCS on top of CBM and treatment as usual could still

somewhat reduce relapse rates could be considered even more valuable.

A reason for the lack of findings on most behavioural measures could be due to the
instruments used for the outcome measurements. Craving was very low in the sample (as is
commonly found in a clinic), and therefore it was difficult to measure small fluctuations in
craving. Future studies should look into more sensitive ways to measure craving and could
benefit from including stronger cue-reactivity procedures to induce craving. The scores on
the approach-avoidance task only showed a small effect in the training. It could be that after a

certain number of sessions, participants reach a ceiling and no longer reduce their reaction
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times; however, this does not exclude the possibility for changes occurring in brain activity.
Also it might be that differences in cognitive tasks in a clinical sample are more likely found
in accuracy rates (Dedoncker et al., 2016), therefore, these tasks might be too simple (with
high accuracy rates) to find effects.

Regarding possible CBM enhancement effects it is also uncertain whether tDCS was
placed over the most appropriate area. Recent neuroimaging findings showed that reductions
in alcohol approach bias (after CBM) were associated with reduction in activity in the medial
prefrontal cortex (C.E. Wiers et al., 2015a), and in another study with an Approach-
Avoidance Task, no DLPFC activity was found in the avoid-alcohol contrast in patients
versus controls (C.E. Wiers et al., 2014). It could be the case that the DLPFC is less relevant
in these alcohol approach associations. Or it may be more relevant to stimulate the DLPFC in
a different CBM paradigm, as recently it was found that tDCS caused a greater change in bias
in an attention modification paradigm in anxiety (Clarke et al., 2014). Even if the appropriate
area is targeted, there are still uncertainties surrounding tDCS; e.g., on how much current is A
ctually reaching the brain (Kim et al., 2014), and which parameters are most suitable. There
is also current critique of tDCS research lacking convincing findings in neurophysiological
studies (Horvath et al., 2014). However, this meta-analysis has also been criticized by other
researchers (Antal et al., 2015). Furthermore, several more specific review articles have
convincingly concluded that tDCS has beneficial effects (Nitsche et al,. 2009; Brunoni &
Vanderhasselt, 2014, Dedoncker et al., 2016), so it could also be a problem in difficulties
measuring the underlying effects.

This study investigated whether transcranial Direct Current Stimulation could enhance
alcohol approach bias retraining. Although the behaviour outcomes, craving and approach
bias after treatment, did not change due to the manipulation, an exploratory analysis showed
learning efficiency was briefly enhanced by tDCS. There was a trend level beneficial effect
of tDCS on relapse rates after one year in the condition that received the combination
intervention, but no differentiation could be made between the best timing (concomitant or
not with CBM). Although several limitations in this study warrant caution, these albeit more
exploratory findings fit with previous studies that show potentially large benefits of tDCS in
helping alcohol dependent patients cope with relapse (Klauss et al., 2014). This study
provides some support for a positive view of tDCS for treatment augmentation, but more
research is needed to better explore its possible effects and how best to optimize and measure

them.
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Abstract

Retraining attentional processes might be a relevant add-on to treatment in alcohol addiction.
This study investigated whether transcranial direct current stimulation (tDCS) could increase
training effects. TDCS is a brain stimulation technique that could influence cortical plasticity.
Also independent of training, tDCS could help alcohol-dependent patients to overcome
craving and reduce relapse. Here these approaches were combined to investigate effects in the
treatment of alcoholism. Ninety-eight patients (analytical sample=83) were randomly
assigned to four groups in a two-by-two factorial design. Patients received four sessions of
ABM (control or real training) combined with 2mA tDCS (active: 20 min or sham: 30 sec)
over the left DLPFC. Attentional bias and craving were assessed before and after the
intervention. Attentional bias was also measured during training. We also used new trial
based scores that measured variability in attentional bias. Attentional bias scores indicated
that while patients were doing the training, only the group with active tDCS and real ABM
displayed an overall negative bias. From pre- to post-assessment, there were no main or
interaction effects of tDCS and ABM on the bias scores, craving and heart rate variability.
There was no evidence of a beneficial effect of tDCS or ABM; however, long term clinical
effects are still being investigated. Whether the absence of effect was due to issues with the
outcomes measurements (e.g. lack of craving, unreliable bias measurements or with unknown

validity) or aspects of the intervention, should be further investigated.
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5.1. Introduction

For someone with an alcohol dependence the image of alcohol can be a salient stimulus that
captures attention and activates an emotional response (Franken, 2003). Automatically
triggered responses to alcohol are potentially relevant for various stages of addiction and
have been studied broadly (for a review, see: Wiers et al., 2013). Cognitive bias modification
(CBM) paradigms are a family of novel interventions that aim to directly address these
processes. In these paradigms automatic responses are retrained (into beneficial reactions)
with computerized training. Several CBM studies (mostly with another variety of CBM:
approach bias retraining) have shown positive findings in alcohol-dependent populations
(Eberl et al.,2013; Manning et al., 2016; Schoenmakers et al., 2010; Wiers et al., 2011). The
current clinical study focused on alcohol attentional retraining (or Attentional Bias
Modification: ABM), in which participants are trained to no longer focus attention on
alcohol-related stimuli. An attentional bias is often measured with a Visual Probe Task (VPT)
in which targets can follow non-alcohol or alcohol-related stimuli. A relatively fast response
time when a target is presented on the location where the alcohol-related stimuli had been
indicates an attentional bias. In a training version, targets always follow non-alcohol stimuli,
guiding attention away from the alcohol. Most ABM studies included smokers or hazardous
drinkers; as of yet only one ABM study has been published with an alcohol dependent sample
(see the review: Christiansen, Schoenmakers, & Field, 2015). In this study ABM was found
to reduce attentional bias and time to relapse (Schoenmakers et al., 2010). There is currently
debate on the effectiveness of ABM methods (Christiansen et al., 2015; Cox et al., 2014;
Macleod, 2012), also with regards to anxiety research, a field where ABM has been tested
extensively (Beard, 2011; Emmelkamp, 2012; Clarke, Notebaert, Macleod, 2014; Cristea,
Kok, & Cuijpers, 2015; Mogoase, David, Koster, 2014). However Macleod & Grafton (2016)
have demonstrated that beneficial clinical results have consistently been found in anxiety
when ABM successfully changed the bias, and no effects were found when ABM did not
result in a change of bias. It is therefore relevant to further investigate ABM in a clinical
sample, and examine if these bias changing effects can be improved.

An attentional bias towards alcohol can be explained by incentive sensitization; a
neural process where the brain becomes more responsive to addicted substances after
repeated use (Robinson & Berridge, 1993). From an evolutionary perspective, it makes sense

that rewarding stimuli rapidly grab attention (Theeuwes & Belopolsky, 2012; Chelazzi et al.,
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2013). An attentional bias may play a role in the maintenance of addiction, and may hinder
recovery. The relation between attentional bias and dependence related processes such as
relapse and craving is complex: Relapse predictions showed rather inconsistent findings
(Christianen et al., 2015), and a meta-analysis showed only a modest relation to craving
(Field, Munafo, Franken, 2009). This could also be due to the measurement-issues, for
example, craving is complex and difficult to measure (Breiner et al., 1999), and the
assessment of attentional bias is often unreliable (Ataya et al., 2012). Neuroimaging studies
show that subcortical brain regions, like the amygdala play a significant role in triggering
attentional processes (Vuilleumier, 2005). The lateral prefrontal cortex is involved in
controlling attention over emotional stimuli, and the lack of control over an attentional bias
might be related to impairments in these regions (Arnsten & Rubia, 2012; Bishop, 2009;
Browning et al., 2010).

Clarke et al. (2014) found that sending a small electrical current through the left
dorsolateral prefrontal cortex (DLPFC) with transcranial direct current stimulation (tDCS)
could modulate attentional bias in highly anxious participants. Anodal stimulation, which is
believed to increase excitability under the electrode (whereas cathodal decreases excitability),
increased bias acquisition. A similar study found no effect on attentional bias, but did find
that anodal stimulation combined with ABM reduced fixation on angry faces (Heeren et al.,
2015). Although the exact underlying mechanisms of tDCS are still under investigation
anodal tDCS is used to increase efficiency and plasticity in a certain cortical area (Medeiros
et al., 2012; Nitsche & Paulus, 2000; Rahman et al., 2013), and increase cognitive
performance (Hill, Fitzgerald, & Hoy, 2015; Nitsche & Paulus, 2011). Adding tDCS to the
ABM training might increase the acquisition of the alcohol bias further, and thus provide a
valuable addition to alcohol dependence treatment. Also stimulation of the DLPFC (either
left or right) without any simultaneous task or training has previously been successfully used
to reduce craving in alcoholics and reduce relapse (Boggio et al., 2008; Klauss et al., 2014).
A previous study combining tDCS with a alcohol approach bias retraining also showed a
trend level effect on relapse, although it did not lead to a stronger bias at post-test (den Uyl,
Gladwin, & Wiers, 2016).

In order to get a more elaborative insight into the condition of the patients, and since
craving is a subjective state and can be difficult to report, we also included heart rate
variability. It has repeatedly been shown that addicted patients (and other patients with

psychiatric disorders) have lower heart rate variability (HRV; fluctuations in heart rate
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interval) at rest (meta-analysis: Quintana et al., 2013b). Reduced baseline HRV is believed to
be related to impairments in self-regulation and represents reduced activation of the
parasympathic pathway and reduced prefrontal control (Karpyak et al., 2013; Thayer et al.,
2009; Quintana et al., 2013a). HRV has also been measured in response to alcohol cue
reactivity, and many studies have found increased HRV in alcoholic patients when viewing
alcohol stimuli (Erblich et al., 2011; Rajan et al., 1998; Jansma et al., 2000; Ingjaldsson, et
al., 2003). Stronger HRV response to addictive stimuli might indicate more regulatory effort
when processing these cues, since, those with higher HRV had; higher craving (Culbertson et
al., 2010; Ashare et al., 2012); higher chance to relapse (Garland et al., 2012b); a stronger
attentional bias (Garland et al., 2012c); and lower ability to stop smoking (Ashare et al.,
2012). These stronger responses towards alcohol in the autonomic nervous system might
represent a deficit in regulating emotional and appetitive responses (Garland et al., 2012a).
Including heart rate variability as an outcome measurement might provide extra information

on indirect processes, which may be affected by the intervention.

In this study we tested whether four sessions of ABM (control vs. real) training
combined with 2 mA anodal DLPFC tDCS (sham vs. active) had beneficial effects on
behaviour and clinical measures in inpatient alcohol dependent patients. We hypothesized
that ABM training would reduce attentional bias and that tDCS would reduce craving. We
further hypothesize that those patients who received tDCS stimulation while doing ABM
would develop a stronger avoidance for alcohol-related stimuli. To further investigate the
attentional processes in the VPT, and due to low reliability of the current attentional bias, we
also included new measures that used trial-level calculation of fluctuations in biases (Zvielli
et al., 2014; Naim et al., 2015; Gladwin, 2016). Attentional biases might not be static, but
could fluctuate between approaching and avoiding of the stimuli, and these fluctuations might
be relevant in anxiety and addiction related attentional processes (Zvielli et al., 2014). Higher
scores of variability have been found to be associated with heavier use in hazardous drinkers
(Gladwin, 2016).

5.2. Method

5.2.1. Participants

Patients were recruited who were following an inpatient treatment in the Salus Clinic in

Lindow, Germany, with an average length of three months. Patients were included into the
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study from December 2014 to June 2015. Participants were allowed to participate in the study
if none of the tDCS exclusion criteria applied (epilepsy, multiple sclerosis or other
neurological illness, previous brain injury/infection, metal in the brain, pacemaker,
pregnancy, claustrophobia, recent fainting/panic attack, frequent headaches or dizziness,
eczema or other skin conditions). Based on previous studies and feasibility we aimed for a
sample of 100 subjects (Klauss et al., 2014). Ninety-eight patients were included in the study
(Figure 5.1), thirteen dropped out during testing (ten no reason/no further motivation, one due
to craving, one due to relapse, one due to an inclusion error), one was excluded
(analphabetic). The final analytical sample consisted of 83 patients (23 women, and 60 men),
with an average age of 48.6 years (Table 5.1). All patients gave written informed consent and
the study was approved by the ethical committee of the German Pension fund and the
University of Chemnitz. The trial was registered in the Dutch Clinical Trial Registry
(Number: NTR5016).

CONSORT

TRANSPARENT REPORTING of TRIALS

CONSORT 2010 Flow Diagram

(vl | Assessed for eligibility (n=150-300)
4.‘ Excluded (n=not recorded)
Randomized (n = 98)
Allocation l i l l
Allocated to intervention 1 (n=24 } Allocated to intervention 2 (n=23 } Allocated to intervention 3 (n= 26 ) Allocated o intervention 4 {n=25 )
+ Received allocated intervention (n=22) + Received allocated intervention (n=20) + Received allocated intervention (n=21) + Received allocated intervention (n=22)
+ Did not receive allocated intervention {no + Did not receive allocated intervention {did not + Did not receive allocated intervention (did not «+ Did not receive allocated intervention (did not
motivation to continue) (n=2) attend appointment) (n=1}, (no malivation la attend appeintment) (n=2), (did not attend, attend appointment) (n=2}, {no motivation to
continue) (n=1), {inclusion error} {n=1) because of relapse) (n=1), {no mativation lo continua) (n=1}

continue} (n=1), (inclusion error} (n=1), {strong
craving) (n=1)

Analysis l l l l
Analysed (n=22) Analysed {n=20) Analysed (n=20) Analysed {n=21)
+ Excluded from analysis {n=0) + Excluded from analysis (n=0) + Excluded from analysis {(analphabetic n=1) + Excluded from analysis (inclusion error,
primary gambling addiction n=1)
Follow-Up l l l l

‘ 1 year follow-up in progress

1 year follow-up in progress. ‘ ‘ 1 year follow-up in progress ‘ ‘ 1 year follow-up in progress

Figure 5.1. Flow Diagram according to CONSORT 2010.

5.2.2. Design and Intervention

Design: We used a 2x2 double blind factorial design (control vs. real ABM and sham vs.
active tDCS). Patients were randomly assigned to one of the four experimental groups. The
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tDCS device (NeuroConn DC-stimulator Plus) had a function incorporated that could apply
sham or active stimulation with pre-determined codes. In the script for the ABM training a
function was also incorporated to determine control or real ABM with pre-determined codes.
The codes that determined the placebo or real training variety for each group were covertly
randomised within an excel list with the rand function. The training consisted of four sessions

of ABM training (control or real) during which patients received either sham or active tDCS.

Transcranial Direct Current Stimulation: The 2 mA stimulation was given through saline
soaked sponges that contained the electrodes, which were attached to the head with rubber
straps. The 35 cm? anodal electrode was positioned over the F3 (10-20 EEG) location (used
for left DLPFC) and the 100 cm? cathodal electrode was positioned over the F4. When giving
active stimulation the device was turned on for 20 minutes and for sham stimulation the
active stimulation was automatically turned off after 30 seconds (while the display was still
on). A fade-in period of 30 seconds; and a fade-out period of 10 seconds, was used.

Alcohol Attentional Retraining: In this task participants were required to respond to probes
(arrows pointing up or down), which appeared on the location of one of the preceding
pictorial stimuli. The trial started with a fixation cross (with a variable 1SI between 500-1000
ms), followed by two pictures on the left and right of the screen presented for 500 ms. These
two pictures were followed by an arrow on one of the two locations. For upward arrows,
participants were required to press the G of the keyboard, for downward arrows the B, the
probe remained on the screen until a response was given. The attentional bias task was made
similar to Zvielli et al., (2014) and also included trials on which the target was absent and
surprise trials. The two stimuli were either alcohol and non-alcohol beverages, or in some
cases two non-alcohol beverages (absent target), or two objects (surprise trial). In the training
version the probe appeared after the non-alcohol stimulus in 9 out of 12 trials, and the probe
appeared after the alcohol stimulus in 1 out of 12 trials (contingency probe after non-alcohol
vs. probe after alcohol: 90-10%); in the control version of the training the contingency was
kept equivalent (5/12 probe after alcohol, 5/12 probe after non-alcohol). In 1 out of 12 of the
trials the two stimuli were both non-alcohol, and in another 1 out of 12 of the trials the two
stimuli were both objects. The trials with objects were surprise trials, to increase semantic
processing, and required a different response (pressing the space bar; Zvielli et al., 2014). For
the trials with alcohol and non-alcohol stimuli, 16 alcohol and 16 non-alcohol stimuli were
used, 16 different non-alcohol images were used for the absent target trials. The pictures were

matched on colour (e.g. vodka with water), and composition (e.g. presence of a glass/person).
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Local beverages were used and the images were shot according to the protocol from Pronk et
al. (2015). Each training session consisted of 468 trials, which took approximately 15 to 20

minutes.
5.2.3. Outcome Measures

Alcohol Visual Probe Task: The design of the VPT was similar to the ABM training, only
with equal amounts of alcohol, non-alcohol, and absent target trials (36 trials each), it
included 12 surprise trials. The first session was preceded by 20 practise trials to familiarize
participants with the task. We calculated the original attentional bias score by subtracting
average reaction times (only for accurate trials, and outliers >3 SD were deleted) for the
congruent (alcohol target) trials from the incongruent (non-alcohol target) trials. We also
calculated pairwise attentional bias variability scores based on individual trials (c.f. Gladwin,
2016). Pairwise bias scores were calculated by pairing each accurate n™ congruent and
incongruent trial, and creating difference scores based on each trial pair (IT - CT). Variability
was calculated by taking the standard deviation of these pairwise bias scores. Note that also
other techniques exist for calculating the variability scores (Zvieli et al, 2014; Naim et al.,
2015)%. In order to also investigate variability in responses towards the different target
stimuli, we calculated the standard deviation for each condition category (alcohol target, non-
alcohol target, absent target variability) and corrected these for the average reaction time of
each condition (c.f. Gladwin, 2016). By also using the absent target trials (where both stimuli
were non-alcohol) a difference could be made between general variability in the task and
specific variability in responses that involved alcohol stimuli. Reliability scores were
calculated by taking the split-half (first half vs. second half) and the test-retest (pre-

assessment vs. post-assessment) correlations.

Implicit Association Task: Transfer in approach and avoidance associations was measured
with a seven block IAT (Ostafin & Palfai, 2006). Words were presented in the centre of the
screen and were categorised into a category shown on the left or right bottom of the screen
(with k or d of the keyboard). Target categories were alcohol (e.g. beer) or non-alcohol (e.g.
cola), and attribute categories were approach (e.g. grab) or avoid (e.g. push away). Each
attribute categories were shown together in one block to measure the speed to categorise

alcohol with approach (and non-alcohol with avoid) and vice versa. The blocks were

& We have also calculated the score according to the method of Zvieli et al., (2014), and this bias variability
score has a very strong correlation (r=0.92) with the pairwise score used here.
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organised into target category practise (block 1, 24 trials), attribute category practise (block 2,
24 trials), combined approach-alcohol (practise block 3, 24 trials, test block 4, 48 trials),
reversed target category practise (block 4, 24 trials), combined avoid-alcohol (practise block
3, 24 trials, test block 4, 48 trials). The reaction times for the congruent block (approach-
alcohol) were subtracted from the incongruent block (avoid-alcohol) to form an alcohol bias
score. Since order effects can be asymmetrical, all subjects received the same order to

increase predictive validity (Perugini, Richetin, & Zogmaister, 2010).

Craving: Craving during the previous week was measured with the Penn Alcohol Craving
Scale (PACS) (Flannery et al., 1999), which included 5 questions (with a 6 point scale) on

severity and frequency of craving in the previous week.

Heart rate variability (HRV): A physiological measurement was obtained during 5 minutes of
eyes closed rest, after which participants viewed a 5 minute block of alcohol stimuli and non-
alcohol stimuli (order of alcohol and non-alcohol block was counterbalanced). Each block
consisted of 30 pictures which were each shown for a duration varying from 9100 to 10900
ms (in steps of 200 ms). Physiological data was collected with a local program (Vsrrp98,
University of Amsterdam), at 1000 Hz sampling rate. ECG was measured with Ag-AgCL
(silver-silver chloride) electrodes, via a standard three-lead placement. Respiration was
measured with a belt sensor around the ribs measuring inhalation (skin conductance was also
measured, but is not included). Raw data was inspected for errors in IBI recognition and
adjusted manually. As index of HRV we used the root mean square of successive differences
(RMSSD) in RR intervals, which was calculated with Vsrrp98. The HRV measures were log-

transformed to reach normality.
5.2.4. Questionnaires

Alcohol Use Disorder Identification Test (AUDIT): The AUDIT was used to measure
hazardous alcohol use (Dybek et al., 2006, Saunders et al.,1993). The score can be between 0
and 40 (sum of 10 questions), with higher scores representing heavier use/problems in the last

year.

Beck Depression Inventory (BDI): The BDI contained 21 questions to measure depressive
feelings in the past week with answer options ranging from 0 to 3 points ( (Beck & Steer,
1993, Hautzinger et al., 1994).
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Symptom Checklist 90-R (SCL90-R): The SCL-90-R, contained 90 questions (answers from 0
to 4), and measured physical and psychological impairment of a person in the past week
(Derogatis, 1983, Franke, 1995). We used the average score (global severity index, GSI) as a

general indication.

Adverse Effects tDCS Questionnaire: Side-effects of the stimulation were assessed with a
questionnaire that checked 10 possible side-effects (itching, tingling, burning, scalp pain,
neck pain, headache, dizziness, sleepiness, trouble concentrating, nausea; itching, tingling,
burning). Answers could be given from 0 (not present), to 4 (strongly present). We also
included two questions on the estimated strength and the uncomfortableness of the

stimulation, on a scale of 1 to 10.
5.2.5. Procedure

When entering the clinic, alcohol-dependent patients were invited to an information session
on the experiment, those willing and able (inclusion criteria were checked with the physician)
made appointments to participate in the study. During the first appointment patients were
randomly assigned to one of the four groups and gave written informed consent. During the
pre- or post-assessment sessions, patients filled out the PACS (at the beginning) and picture
ratings (at the end), and performed several experimental tasks (in this order: alcohol VPT,
alcohol memory task, IAT, Self-Ordered Pointing Task) and a cue-reactivity task with
physiological measurements®. The first training session was started directly after the pre-
assessment. The four training sessions were done within one week. The post-assessment was
done at least one day and maximum seven days after the last training session (with one
exception, due to illness one patient had the post-assessment ten days after the last training

session).
5.2.6. Data Analysis

Baseline differences on demographics and questionnaires (AUDIT, SCL90-R, BDI) are tested
with an ANOVA. The PACS scores were analysed with non-parametric tests. An effect of
time was investigated with the Wilcoxon signed rank test and Mann-Whitney tests were used

on difference scores for group effects. The continuous data (attentional bias, approach

® We also included an alcohol urge questionnaire (AUQ) which assessed momentary craving, at the beginning
and end of the assessment, however, due to low scores it did not give additional information and was excluded
from the paper. For the sake of conciseness the working memory and physiological skin conductance
measurement are not included.
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associations, variability score, HRV) were analysed with a repeated measures ANOVA with
time as within-subjects factor, the group variables ABM (control vs. real) and tDCS (sham
vs. active) were entered as between-factors. For each variable in the continuous data,
participants with scores higher than three times the standard deviation were considered
outliers and were adjusted to the highest score + 1 (no more than three participants were

adjusted for each variable).
5.3. Results

5.3.1. Demographic variables

All patients tolerated the stimulation well, and there were no differences in reported side-
effects between sham and active stimulation (see Appendix A). There was no difference in
how often people thought they had received real stimulation whether they were in sham or
active tDCS group (Chi-square: p=.35). There were no significant differences between any of

the baseline variables (Table 5.1).

Table 5.1. Demographic variables.

1. control- 2.control- 3.real-ABM  4.real-ABM  Total

ABM + ABM + + sham-tDCS + active-

sham-tDCS active-tDCS tDCS

M SE M SE M SE M SE M SE o]
Gender (F/M) 5/17 4/16 5/15 7/14 21/62 779
Smoker (Y/N) 13/9 16/4 17/3 14/7 60/23 217
Age (years) 4823 193 4865 1.63 49.20 198 48.38 2.06 48.60 0.94 0.99
Duration (years) 18.15 2.28 15.37 231 16.80 2.89 19.00 244 17.37 1.23 0.75
AUDIT 27.27 166 2370 1.52 2440 147 26.00 150 25.40 0.77 0.36

detoxifications 4.00 1.29 1.80 0.77 280 079 371 112 311 052 043
treatment(days) 80.59 2.53 80.30 3.78 75.10 4.30 7343 3.70 77.39 1.80 0.38
Start study 10.68 1.05 11.30 1.22 10.00 1.11 12.62 149 11.16 0.61 0.49
Depression(BDI) 14.27 2.67 12,57 241 11.10 2.96 12,52 233 12.66 1.28 0.86

Mental burden 58.18 3.44 58.27 3.05 5740 3.20 5833 3.21 58.05 1.59 1.00
Craving (PACS) 3.59 0.68 295 064 545 126 438 1.08 4.08 048 0.30

Note: Overview of the mean and standard error of the baseline demographics per group. AUDIT =
Alcohol use Disorder ldentification Test, BDI = Beck’s Depression Index, Mental burden: SCL-90

=Symptom Checklist-90-Revised, PACS = Penn Alcohol Craving Questionnaire.
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5.3.2. Attentional Bias

Correlations: The pre-assessment bias variability score showed good split-half correlations
(r=.67), and reasonable test-retest correlation (r=.41). The attentional bias score showed bad
split-half correlations (r=-.07); and bad test-retest correlations (r=.15, see Appendix B). The
bias variability score correlated negatively with the original bias score (r=-.18). The
variability scores (bias variability, alcohol target/non-alcohol target/absent target variability)
correlate strongly among each other (all r>.6). The bias variability score showed a significant
correlation with duration of alcohol problems ( r=.29) (Table 5.2), larger variability in
responses was associated with longer duration of problems. For the variability scores per
condition, only those involving alcohol stimuli were significantly correlated to duration of
alcohol use (alcohol targets: r=.25, non-alcohol targets r=.22), and not when both stimuli
were non-alcohol (absent targets, r=.091). None of the bias scores correlated with alcohol

problems or craving.

AB pre-post assessment scores: The accuracy on the ABM task in the pre-assessment was
very high (Mean: 96.7%, SD = 3.7); except for two participants who had only 50% accuracy
rates in the first session, and were therefore deleted from the analysis. In the ANOVA on the
original bias scores with Time (pre- and post-assessment) and group (control/real ABM and
sham/active tDCS) there were no significant interactions (p>.67, Table 5.3). There was a
main effect of Time (F(1,77)=4.03, p=.048, 1°=.05), the overall bias went from a slight
avoidance (one-sample t-test: M= -8.03, p=.06) to more neutral at post-assessment (M=0.54,
p=.59). The ANOVA with the new bias variability measure (variance in the trial paired bias
scores) also yielded a significant effect of Time (F(1,77)=61.79, p<0.01, n°=.45); there was a
large decrease in variability from pre- (M=243.56, SE= 6.14) to post-assessment (M=243.56,
SE= 9.65). There were also no interactions with the experimental groups (p>0.21). The
analysis with variability per condition (alcohol target, non-alcohol target, absent target)
yielded a similar pattern, a main effect of Time (F(1,77)=110.7, p<0.01, n?=.59), but no

interactions (p>.22), there were no differences in variability between the different conditions.

AB during training: An ANOVA with Time (4 sessions) was run for the different attentional
bias scores (due to infrequent alcohol-target trials this could also be done for the real-ABM
training). The original bias score showed no significant within-subjects main effects or
interactions with group (p>0.15), however a significant between-subject effect was found for
ABM (F(1,79)=4.87, p=.03, n2:.06), and for the interaction between tDCS and ABM
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(F(1,79)=4.17, p=.04, n°=.05). Bonferroni controlled comparisons indicated that there was
only a negative alcohol bias (faster when the target was behind the non-alcohol target), for
those in the group that received both ABM and tDCS compared to the other groups (group 4
vs. group 1 p=.046, vs. group 2 p=.02, vs. group 3 p=.08; Figure 5.2).

The analysis with the bias variability score showed a main effect of time
(F(1,79)=24.03, p<0.01, 1?=.23), the variability in the paired bias scores decreased
substantially from training sessionl to session 2 (F(1,79)=34.50, p<.01, n2=.30), and
decreased from session 2 to 3 (F(1,79)=5.81, p=.02, n>=.07), but not from session 3 to 4
(p=.61). There were no within-subject interactions with ABM or tDCS (p>.11). There was a
significant between-subject interaction with ABM and tDCS ((F(1,79)=4.32, p=.04, nZ:.OS).
Bonferroni controlled comparisons indicated there was only a difference between the two
groups that received control-ABM; variability was higher in the group that received active
tDCS during then the group receiving sham-tDCS (group 1 vs. group 2: difference: -48.87,
SE: 17.95, p=.048). The analysis with variability per condition showed a main effect of time
(F(1,79)=9.74, p<.01, n’=.11), in the same direction as the general variability score, and there
were no interactions with task condition and group (p>.12). The between-subject interaction
with ABM and tDCS was trend-level significant (p=.08), but none of the pairwise

comparisons were significant (p>.29).
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0 I 1 - T 1
W/f/ 1. control-ABM + sham-tDCS
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Figure 5.2. Bias scores during training. Bias score for each training session was calculated per group.
Error bars represent standard error of the mean. There is only a significant interaction of ABM x tDCS

(without an interaction with Time).
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5.3.3. Implicit Alcohol Approach Association

An ANOVA on the bias scores with time (pre-assessment and post-assessment), tDCS, and
ABM did not give any significant main or interaction effects (p>.4, Table 5.3). The overall
bias was slightly negative at baseline, indicating an avoidance association, but this was not
significant (M=-52.5, SE=35.2, p=.14).

Table 5.2. Correlations of ABM measures.

1 2 3 4 5 6 7
1. original Attentional Bias X
2.Bias variability -.243% X
3.Alcohol target variability -286%* .698%* X
4.Non-alcohol target -.181 .763%* .764** «
variability
5.Absent target variability -230% -601** 696+ 739%* X
6.AUDIT -.012 .022 -.067 -.007 .040 X
7.Duration of problems .013 .288**  253* .223%* .091 -.265* X

8.Craving (PACS) 127 -.107 .065 -.094 -.006 .149 -.181

Note: Spearman correlation for the PACS scores and for the other scores Pearson correlations,

correlation coefficients r with * are significant at .05 level, ** are significant at the 0.01 level.

5.3.4. Craving

Craving was extremely low, 72% of patients scored 5 (seldom craving) or lower at pre-
assessment. Wilcoxon signed rank test showed that craving reduced from pre- (M = 4.08,
SE=0.48) to post-assessment (M=3.39, SE=.41, z =-3.194, p<0.01). Mann-Whitney tests on
difference scores showed no differences between the groups (p>.20).

5.3.5. Heart rate variability

Six patients were not included for the HRV analysis due to measurement errors. The HRV
scores (RMSSD) showed good test-retest correlations, both during rest and during cue
exposure (r>.70, p<0.01), and correlated strongly among each other (r>.90, p<0.01). RMSDD
correlated negatively with heart rate (r<-.58, p<0.01). Respiration (inhalations per minute)

did not correlate with RMSSD (p>.41); respiration did correlate with heart rate during rest
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(r=.23, p=.04), but not during cue exposure (alcohol block: r=.16, p=.17, non-alcohol block:
r=.06, p=.58). There were no correlations with scores related to alcohol use (AUDIT, PACS,
duration of use) and RMSSD (r<.10, p>.39).

An ANOVA with time (pre-post assessment) and block-type (alcohol vs. non-alcohol)
and tDCS, and ABM did not give any significant interactions (Table 5.3). There was no
difference in HRV during the viewing of the alcohol and non-alcohol block (p=.88). There
was only a trend-level interaction with ABM, tDCS, and time (F(1,72)=3.74, p=.07).
However, this was due to a baseline group difference (F(1,73)= 5.24, p=.03) and follow-up
pairwise comparison on difference scores did not show any differences between groups
(p>.16).

Table 5.3. Intervention outcomes.

4. control- 5. control- 6. real-ABM + 7. real-ABM +
ABM + ABM + active-tDCS active-tDCS
sham-tDCS sham tDCS
Outcome measurements M SE M SE M SE M SE p

Craving Pre-assessment 3.6 0.9 3.0 1.0 5.5 1.0 4.4 0.9
.20

(PACS) Post-assessment 3.3 0.8 2.7 0.8 4.0 0.8 3.6 0.8

Original AB  Pre-assessment -2.1 6.9 -6.2 6.2 -14.3 6.6 -5.7 11.1
.46

Post-assessment 3.5 5.9 3.0 6.9 2.7 7.2 0.6 6.0

IAT Pre-assessment -71.6 79.4 -91.8 83.2 18.9 55,5 -62.9 61.3
.63

Post-assessment -58.7 67.5 -68.3 60.7 10.3 60.7 -11.6 75.7

AB Pre-assessment 231.0 23.0 248.8 18.7 240.4 154 2545 18.6
.51

variability Post-assessment 160.9 15,9 198.2 15,9 1594 9.0 169.2 12.1

RMSSD Pre-assessment 1.37 0.31 1.22 0.29 1.19 0.27 1.29 0.29

Alcohol Post-assessment 1.28 0.29 1.22 0.29 1.24 0.29 1.29 0.29
.88

RMSSD Pre-assessment 1.37 0.31 1.20 0.28 1.21 0.30 1.33 0.30

Non-alc Post-assessment 1.28 0.29 1.18 0.28 1.27 0.29 1.27 0.28

Results on outcome measurements; craving, alcohol bias measures, and heart rate variability. The
mean and standard error is given for the pre- and post-assessment, p-values represent outcomes of
the ANOVA interaction time x ABM x tDCS (or non-parametric test on difference score for PACS).

PACS = Pennsylvania Alcohol Craving Questionnaire.

83



5.4. Discussion

In this experiment we investigated the potential beneficial effects of combining tDCS with an
alcohol attentional retraining, by studying the effects on craving and HRV. We also explored
several different attentional bias outcomes. We found some evidence of enhanced learning
during the training with tDCS, in the form of stronger avoidance bias during training only in
the combined group. However, from pre- to post-assessment no beneficial effects of tDCS on
changing attentional bias were found with the original score and implicit association score.
Also no effects were found of tDCS on craving and HRV.

The only potentially relevant effect in the behavioural data was the difference during
training in bias scores while receiving active ABM and tDCS. This fits the expectation that
tDCS could enhance bias acquisition (Clarke et al., 2014). This could be due to enhanced
control over attentional bias, or it could also be that those receiving tDCS actually were better
at noticing and learning the stimulus-response contingency, and therefore were able to speed
reaction times. However, the lack of effects on the post-assessment bias, raises the question
whether the potential tDCS effects could still be maintained offline. However, absence of
effects in the (shorter and later) post-assessment bias task could also be due to difficulties in
measuring attentional bias; the task is not reliable and may have been too easy. It is also
notable that during training there was no large reaction time effect on the trained non-alcohol
targets (except for patients in the active tDCS group that were faster at responding to probes
after non-alcohol targets). It shows that most patients were not using the relevant information
to focus their attention, since otherwise training might have improved reaction times because
the stimuli were predictive of the location of the probe. Reaction times were relatively fast
and accuracy was high so it was not a necessity to use the information. Patients were not
explicitly told of the training goal, hence there was no explicit motivation to focus attention
on the non-alcoholic pictures. Spacebar trials showed that participants did process the
pictures; it is therefore unlikely that they were completely ignoring the contents of the
stimuli. However, the contents of the stimuli appears to have had little impact on their

attention and emotional state.

The variability measures in attentional bias were not useful as an extra outcome
measurement. A potentially interesting finding was the association between duration of
alcohol problems and attentional variability for alcohol pictures. The relation with the

original bias score was slightly counterintuitive, those with a negative bias on the original

84



score also showed more variable responses. An explanation for the relation with a negative
bias and higher variation, could be due to active attempts at defocusing attention from alcohol
stimuli. The exact origin of changes in variability is difficult to assess, since increased
variability could represent increased effort in obtaining a negative bias or unsuccessful
increases of cognitive control. These variability measures might prove to be relevant in more
static states, but did not show any relevance in discerning treatment outcomes. A potentially
better option could be to measure attention in a more direct way, for example, with eye
tracking, which could circumvent complex and confounding processes associated with

response times.

There was no effect of tDCS on craving, which was not entirely unexpected, given
that craving was very low, as shown in previous studies in a clinical inpatient context
(Schoenmakers et al,. 2010; Wiers et al., 2011). Patients did not differ in their physiological
responses towards alcohol-related stimuli compared with non-alcohol related stimuli. No
baseline correlation was found between HRV and aspects of alcohol problems. This could be
due to the absence of feelings of craving, or the relative uniformity in severity of the patients
(only abstinent patients). Future studies could use more active craving manipulations than
simple pictures of alcohol stimuli, but could use for example, videos, or more context
relevant pictures (or situations). Another useful addition could be to include craving
induction with for example, imagery or stress manipulations (Sinha, 2007). This specific
sample of patients already demonstrated a very negative attitude towards alcohol and already
showed an indication of alcohol avoidance association before the intervention. In previous
studies (Eberl et al., 2011; Wiers et al., 2013) approach associations were found at baseline in
the same clinic. This could be the result of random variation (approach and avoidance biases
both occur), or perhaps since the implicit tasks are performed more often in this clinic
patients become more aware of the goals of the task. Nevertheless, in the absence of a
specific detrimental bias, it is difficult to determine which automatic processes could be
targeted with CBM.

This study did not give any evidence for tDCS or alcohol attentional bias retraining as
a beneficial addition to alcohol treatment. It might be due to problems in measuring the
underlying bias, and not the actual training combination. Relapse data are still being
collected, and may provide further evidence on the clinical effectiveness of these
interventions. In a previous study with alcohol approach bias retraining and tDCS also almost

no behavioural effects were found; however, there were trend-level effects on relapse (den
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Uyl et al., 2016). Even though clinical effects are the most relevant, it would be beneficial to
find behavioural measures that can help predict or explain clinical outcomes. Care should be
taken that more qualitative outcome measurements are used and are further investigated.
With some indication of a direct effect of tDCS during training, it still remains useful to

further investigate to potential of tDCS in treatment.
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General Discussion




6.1. Summary of Results

In this thesis our central aim was to investigate whether brain stimulation, in the form of
transcranial direct current stimulation (tDCS), combined with cognitive training, in the form
of cognitive bias modification (CBM), could be a beneficial addition in the treatment of
alcohol addiction. In order to examine this question we first tested the technique in a heavy
drinking (predominantly student) sample, as discussed in chapters two and three. When
participants were performing two Implicit Association Tests after a single session of (offline)
tDCS was administered, we did not find that tDCS could increase the control over the bias.
We only found speeding of reaction times due to anodal left DLPFC stimulation in trials
participants had most trouble with at baseline. Anodal stimulation of the left DLPFC did
reduce craving in a questionnaire scale assessing mild-craving. In order to also explore a
different stimulation protocol we also stimulated the right inferior frontal gyrus (IFG), but
this had no effects on craving or bias score. We then investigated whether several sessions of
alcohol avoidance training (a form of CBM) combined with left DLPFC stimulation could
enhance the acquisition of a training-induced avoidance bias in heavy drinkers (chapter 3).
CBM or tDCS (or the combination) did not have any effect on alcohol bias or a physiological
response to alcohol images measures via the P300. There was however a small reduction due
to tDCS on craving in response to alcohol pictures, similarly to the previous study. Although
other positive findings were predominantly absent, we hypothesised that this was mainly
because of the student sample, which was generally not highly motivated to change. Finally,
we investigated anodal DLPFC stimulation in clinical samples with two forms of CBM: an
alcohol approach bias training (chapter 4) and an alcohol bias retraining (chapter 5). We
found some online effects of active tDCS during the training, which could have reflected
faster learning, however, at post-assessment no beneficial effects of the interventions were
found on craving or implicit bias score. We did find a trend-level effect of tDCS and alcohol

bias retraining on relapse, which could indicate a potentially relevant clinical effect.
6.2. Discussion

6.2.1. Effectiveness of CBM

It was not the aim of this thesis to investigate CBM effectiveness, but since we aimed at
enhancing this process it is important to discuss these findings in the context of general
effects of CBM. We have used an alcohol approach bias training in heavy drinkers and in
patients. However, since every patient received the active training, it is not possible to
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investigate real vs. placebo effects in this task; we did have a placebo vs. real condition in the

clinical trial with attentional retraining.

In the sample of heavy drinkers we did not find a significant reduction on bias-scores
due to CBM, however, there was a main effect of CBM (Figure 3.1). This could partly be due
to a trend-level baseline difference, but also shows that those participants in the CBM group
kept their avoidance bias due to training. Nevertheless, it did not lead to any other relevant
outcomes in drinking behaviour, post-assessment bias score on the IAT, or P300 response.
The absence of reaction time differences between alcohol-push and alcohol-pull trials during
the alcohol avoidance retraining indicated that heavy drinkers did not experience a strong
bias while they were performing the training task. The average bias score that was reached in
the post-assessment session was also quite weak (around -20 ms) in these heavy drinkers,
whereas the bias that was found in patients (Chapter 4) was somewhat stronger (around -60
ms). To date studies trying to change approach bias scores and alcohol use with repeated
sessions in a sub-clinical population have not been very successful (Boendermaker et al.,
2015; Lindgren et al., 2015; Wiers et al., 2015), although attention (control) training has
shown some beneficial results (Cox et al., 2015; Fadardi & Cox, 2009; McGreary et al.,
2014). This study further adds to the belief that approach bias retraining might not be a
successful technique in non-clinical samples not involved in other treatment, and that it might

primarily work as an add-on to clinical treatment (Wiers et al., 2016).

One explanation for a difference in effectiveness between non-clinical and clinical
samples might be their baseline bias, as previous research indicated that approach-bias
retraining is particularly effective in those patients who have a strong bias to begin with
(Eberl et al., 2013). Alcohol users in treatment on average have a stronger bias, and thus can
benefit more from the bias modification. Yet in our attentional bias modification study, at
pre-test patients already demonstrated a small (non-significant) alcohol avoidance bias and
this bias became more neutral. Even though we could not investigate placebo controlled
CBM effects in the alcohol approach bias retraining study, the bias scores did follow the
expected pattern: starting somewhat positive and becoming more negative. Also in the heavy
drinkers, there was a trend for a reduction in bias over time. Thus the lack of positive bias at
pre-test could be specific for the VPT task that was used, perhaps due to the low internal
consistency and the relative ease of the task (the response is simple, and the arrows remain on
the screen). Patients could easily reach a ceiling response, and might not have had motivation

to increase response times (by using the available stimuli that indicated the probe location).
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However, in the study by Schoenmakers et al., 2010 the expected pattern was found and a
similar task and patient sample was used, although more patients were outpatients which

might have made a difference (more chance to encounter alcohol).

The manipulation check with the same bias task did not yield any CBM effects post-
assessment, possibly due to low reliability of the task data or ceiling effects. We also
included an Implicit Association Test (IAT) as a transfer measure. The IAT is usually
considered to have good reliability and internal consistency (Schnabel, Asendorpf, &
Greenwald, 2008), and transfer effects have been found (Gladwin et al., 2015; Wiers et al.,
2011). In the approach bias retraining studies (Chapter 3,4) the IAT approach association
score reduced over time. However, this reduction was not different for placebo or real CBM
training. This could indicate that perhaps control-CBM training also leads to a reduction in
bias. However, in the large CBM studies the control groups remained around zero (Eberl et
al., 2013; Wiers et al., 2011). In the attention retraining also no effects on the IAT were
found, but on average patients already had an alcohol-avoidance bias at baseline (except for
group 3), and the bias remained approximately the same for all groups. This fits with their
negative baseline attentional bias score; it could coincidently have been a sample that already
had an avoidance bias for alcohol. Avoidance biases in a clinic have been found before with a
different avoidance task (Spruyt et al., 2012). Since patients in a clinic have explicit
negative/avoidance associations with alcohol, they might also form negative implicit
associations. Another explanation for a negative bias might be that patients were aware of the
goal of the task (perhaps also due to frequent use of bias modification paradigms in this

clinic), and that the implicit associations were influenced by their explicit beliefs.

Our studies do not demonstrate clear manipulation effects and no transfer effects of
CBM. Whereas there are plausible post-hoc explanations for this (e.g. the sample, or task) it
does somewhat complicate enhancement effects of tDCS. This would not completely
question the validity of CBM, since especially the two large alcohol avoidance retraining
studies are more valuable for CBM effectivity then the studies form this thesis, but changes
due to CBM might be too small to be effected by tDCS. If the window of possible change in
bias scores is small, then it might be difficult to obtain large effects with an indirect
manipulation of these scores. Larger samples might then be necessary, making the intensive

testing design that we used less clinically feasible.

90



6.1.2. Effectiveness of tDCS

One of our main questions was whether tDCS would be a useful addition to addiction
treatment. We hypothesised that this would be especially relevant in the context of
influencing bias modification, but also hypothesised that it would have general effects on
craving. Perhaps surprisingly, we found small but rather consistent effects on craving in the
studies with heavy drinkers, but not in the dependent patients. In chapter 2 we report an effect
of tDCS on the craving scale that measures inclination to drink alcohol in certain situations.
This scale was also the only scale participants indicated that they experienced some craving.
In chapter 3 we did not find an effect on this questionnaire, but did find that when shown
specific images of alcoholic beverages participants reported slightly less craving towards
them. Scores on feelings of craving were very low in these heavy drinkers, but also in alcohol
dependent patients craving was very low. We have tried to measure a broad time window, by
measuring craving over the past week (PACS). We have also tried to measure it during
specific moments before and after the assessment (AUQ, chapter 5), in which they viewed
many alcohol pictures. Neither of these strategies was successful in measuring craving. Low
craving in a clinical setting has been reported before (Schoenmakers et al., 2010; Wiers et al.,
2011). Patients could have problems with reporting their own craving, or simply not crave
any alcohol in that specific clinical context. Unfortunately that makes drawing conclusion on
tDCS effects on craving based on these clinical studies very difficult. Since we found some
effects on craving, and other studies have found moderate effects of neurostimulation (tDCS
and rTMS) on craving, it is likely that neurostimulation could be beneficial (for a review see:

Jansen et al., 2013), but was not detected in our clinical studies, due to low craving levels.

There is evidence that the DLPFC plays a causal role in craving reduction (Jansen et
al., 2013); however, the mechanisms underlying these effects are still uncertain. Different
hypothesis are reported, for example, stimulation of the (left or right) DLPFC could interfere
with the process that induces craving or facilitate the process that controls craving (Boggio et
al., 2008; Pripf et al., 2014). Interference could occur somewhere in the cascade of processing
that induces craving (Boggio et al., 2008). According to the elaborated intrusion model of
craving (Kavanagh, May, Andrade, 2005), craving involves intrusive thoughts that require
working memory (see also van Dillen et al., 2013). A disruption of normal functioning of the
DLPFC due to tDCS might interrupt these pathways. However, another explanation is that
tDCS increases self-regulation of affect and alcohol craving (Boggio et al., 2008; Pripf et al.,

2014; Shahbabaie et al., 2014). A recent study with cigarette craving showed increased
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connectivity between orbitofrontal cortex (OFC) and DLPFC, indicating increased regulation,
however, no effect on craving or heart rate variability was found (Kroczek et al., 2016).
These studies show different explanations; it is also possible that there are different
mechanisms of craving reduction due to DLPFC stimulation, which depend on the task,
person, and stimulation area. Since craving reductions were found in non-dependent alcohol
users, and also in craving for food, it is likely a common mechanism that is affected, and not
necessarily an aberrant process that is returned to normal. Since we could not find effects of
tDCS on other neurophysiological effects, either indirect indications of physiological
responsiveness in HRV, or via attentional motivational responses in ERP’s, we cannot make

any additional judgements on the underlying processes that might have been changed.

Next to a possible enhancement of craving regulation, we hypothesised that specific
avoidance learning could be increased. We found only partially evidence for an effect on
changing the bias. In heavy drinkers a single session of tDCS did not influence the bias on an
IAT in a specific (approach/avoid) direction, and several sessions also did not influence bias
acquisition during training. In the clinical studies we found no effects on post-assessment, but
did see differences during training. In the approach bias retraining there was a small decrease
in bias (during the mini-assessment) in the combination group from training session 1 to
session 2. In the ABM training the bias could be assessed during training (not possible in the
approach bias training, since 100% of trials was push alcohol), and it appeared as if overall
only the combined group demonstrated avoidance responses if all trainings were combined
(and used the stimuli-probe indicators of the task). Thus there were indications that tDCS
might enhance learning during these training tasks, but only in the initial phase. However, the
effects were small, which could be due to complications in CBM tasks, or because tDCS only
had minor effects in these tasks that do not last long enough to affect post-assessments. The
mechanism behind these findings could be a facilitation in learning due to tDCS. It would fit
the model that anodal stimulation increases excitability and enhanced learning of the tasks
that are being performed (Fertonani & Miniussi, 2016). Due to increased activation of a
relevant, currently active network, tDCS could have enhanced formation of relevant
associations. Thus the effect could have been due to a very general learning process not

specific to bias acquisition.

Although the behavioural findings in this thesis were generally weak, we did find an
effect of tDCS on long-term relapse, one year after treatment discharge. It was difficult to

determine whether this effect was due to an interaction with tDCS and CBM (online effects)
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or due to effects of repeated tDCS sessions on neuroplasticity. Given that studies show
recovery of brain function in detoxified alcohol patients (Cardenas et al., 2007), it could be
that increasing neuroplasticity with tDCS might help the frontal cortex to better recover,
similar to effects reported in patients with brain injury treated with tDCS (Butler et al., 2013).
Another possibility is that the general enhancement of plasticity increased retention of their
cognitive behaviour therapies. With other clinical studies in mind, it is likely that tDCS can
have a beneficial effect on addiction treatment (Boggio et al., 2008; Klauss et al., 2016),
although more research is necessary to better substantiate these claims, and increase

understanding of underlying neurocognitive mechanisms.
6.3. Limitations and Future Research

6.3.1. Implicit tasks

In our studies we have used different tasks that have been designed to measure implicit
processes: The Implicit Association test (IAT), the alcohol Approach Avoidance Task (AAT)
and the Visual Probe Task (VPT). We have not found convincing results on these tasks as a
function of manipulation with tDCS and/or CBM. One explanation for this could be the low
reliability and validity scores (Appendix B). If the tasks cannot measure the intended
processes correctly it becomes difficult to determine effectiveness of manipulations on this
task.

Two of the tasks that were used in the training paradigms (AAT, VPT) appeared to be
particularly unreliable; only in the dependent sample did the AAT have reasonable internal
consistency. Low internal reliability of the VPT has also been reported by other researchers
(Ataya et al., 2012; Schmukle, 2005; Staugaard, 2009). It is not surprising that there is no
relation to other processes related to addiction when the task is not consistently representing a
certain process. However, the other CBM studies do show consistent effects on these task
(Eberl, 2013; Wiers et al., 2011); in patients in our study the AAT also had reasonable
internal reliability, moreover with numbers around 300 participants the studies are more
attuned to find small to medium effects on bias scores. Manipulations due to tDCS might be
too small to be reliably measured, with the sample sizes available here (N<100), and as tDCS
studies require a more intensive testing design very large numbers of participants are less
feasible. The difference in reliability in heavy users and alcohol dependent patients could be
due to the ease with which they performed the task. Reaction times and variability are larger

in patients, making a larger bias and more variable responses possible, whereas students
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might be performing at a ceiling level. Further since both tasks can be categorised as non-
relevant feature tasks, in which responses are unrelated to the content (de Houwer, 2003;
Wiers, Gladwin, & Rinck, 2013), participants could ignore the alcohol content and simply
responding to the tilt of the pictures. This could also be the case for the VPT task where the
content could be ignored while the response to the arrows could easily and accurately be
made. Low reliability in the task could also be a reason for the lack of findings of CBM in

heavy alcohol users.

The IAT demonstrated a much better internal reliability and test-retest reliability,
however, in our studies IAT-scores were not strongly associated with alcohol related
behaviour, such as craving and problem severity. The task is consistent, but it is more
uncertain what it is measuring. It could be more consistent because it is a relevant-feature
task (participants classify the stimuli), which are generally more reliable (de Houwer, 2003;
Wiers et al., 2013). These high reliability coefficients are also partly due to the structure of
the task. There are only two relative conditions (congruent vs. incongruent) thus leaving more
trials for calculating the bias difference. However, the VPT also has two contrast categories
(and similar amount of trials) and is not consistent, weakening this explanation. Another
difference is that the comparison between congruent and incongruent trials in the IAT are
separated in blocks, thus processes that contribute to the bias score are time on task effects
(because order was not always counterbalanced) and switching costs (when categories
change), and these cannot be separated from the bias score. A solution to this would be to use
the recoding-free 1AT, in which categories are switched in between trials. Indeed this task
showed good, but lower reliability than a standard IAT (Rothermund et al., 2009), and a
version measuring arousal associations was associated with alcohol use (Houben,
Rothermund & Wiers, 2009). Ideally reliability scores should not be influenced by these

other processes to be able to be assessed correctly.

An easy way to possibly improve the reliability in implicit tasks could be by
increasing the amount of trials. The bias scores might represent relevant information, but
splitting the amount of trials in half minimizes finding the already very small difference. A
good balance should be found, since increasing measurement time could also decrease the
size of the bias (Greenwald et al,. 2003). However, in cases were the task is very simple or no
bias is found, a stronger impact of the salient stimuli on the task might be necessary. For
example, by making the reaction times and performance more dependent on the stimuli that

are being measured (feature-relevant), or by making the task adaptive (e.g. by determining
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individual based settings, such as stimulus type, size and presentation time, that create the
strongest bias per participant). Another approach is to use a different scoring method in the
existing tasks, as done with the attentional variability scores in the VPT (Chapter 5).
Variability in responses may indicate specific aberrant processes (Zvielli et al., 2014; Naim et
al,. 2015; Gladwin, 2016), but in our study it did not hold extra value when measuring ABM
outcomes. There is a large body of research on implicit tasks, some that have demonstrated
promising (reliable and/or valid) results are the visual search task (van Bockstaele, 2016), the
flanker task (Nikolaou, Field, Duka, 2013), and the modified Stroop task (Ataya et al., 2012).
It would be good research practise to include reliability and validity scores of tasks, and to

pilot them when administered in a different population.

The implicit tasks measure accuracy and/or reaction times, used as indirect indicators
to measure the covert motivational response. The measurement of reaction times when
viewing a stimulus, or pushing a joystick are somewhat artificial, and also involve other
processes that influence RT (such as repetition, distractibility, expectations, motivation, etc.).
Thus more direct measurements of automatic processes that relate more to the actual
behaviour someone might show in a certain context might perform better. For example, when
measuring attentional bias this could include eye tracking measurements (Ceballos,
Komogortsev & Turner, 2009), and indeed eye-movement measures of attentional bias have
been found to correlate higher with craving than RT-measures (Field et al., 2009). Regarding
action tendencies, this could include a shift in approach movement (for instance measured
with a balance board, Ly et al., 2014). EEG is a useful technique to measure fast processes
that occur outside of consciousness. We showed that alcohol users have a slightly larger p300
for alcohol stimuli, similar as in other studies (Petit et al., 2014), but further research is
necessary to investigate whether ERP’s can be used as consistent and valid outcome
measurements. Furthermore these measurements involve several analytic and processing
steps, making the results not always easy to obtain or interpret (also shown by extra exclusion
due to noise in the EEG in Chapter 3).

6.3.2. Craving

One important limitation in our clinical studies was that the patients hardly reported any
craving to begin with, which makes testing of the manipulations aimed at reducing craving
hard if not impossible. Craving was also low in the studies with hazardous drinkers, but the
Inclined-scale, which included questions that involved a drinking situation, partly reduced
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this problem. Craving is considered to be an important aspect of alcohol addiction and has
been used to predict treatment outcomes ((Bottlender & Soyka., 2004; Sinha et al., 2013), it is
therefore a serious drawback if it cannot be measured properly. When considering the
wanting vs. liking model of Robinson & Berridge (2008), craving is intended to measure the
‘wanting’ aspects towards alcohol. However, even patients who experience an unconscious
desire for the alcohol, might interpret questions assessing craving (“I want to have a drink™)
more in the manner of how much pleasure alcohol would give them (‘liking’) and how
motivated they are to control their alcohol use. Other studies already showed difficulties in

measuring subjective craving (Schoenmakers et al., 2010; Wiers et al., 2011).

There are several approaches that could optimise craving measurement: improve the
questionnaire, induce craving, and measure craving more directly. There already exist
numerous questionnaires to measure craving, we have used many different ones (Alcohol
Approach and Avoidance Questionnaire (AAAQ), Desire for Alcohol Questionnaire (DAQ),
Alcohol Urge Questionnaire (AUQ), Penn Alcohol Craving Scale (PACS), and a visual
analogues scale (VAS)). All questionnaires overall a great deal in the questions that they
pose. One addition could still be to make the distinction between liking and wanting clearer
(“if there was a beer in front of me, 1 would like to drink it’, “if there was a beer in front of
me, |1 would feel the urge to drink it’), so patients might feel inclined to respond differentially
on them. However, if patients are set in their state of not experiencing or reporting craving, it
is unlikely that any questionnaire would be able to capture it. Craving questionnaires still
hold value, but only for a small subset of people (e.g. perhaps around 25% to 50%) that

actually report craving in the clinic.

A clear difference between our study and other studies that did find effects on craving
is the timing and sample of the study; in the previous studies, none of the subjects were
inpatients, and most had not been abstinent for a long time (Boggio et al., 2008;2009;2010,
Fregni et al., 2008a). One approach would be to only include participants who report craving
in the study, this was done in a study with meth users in a clinic (VAS score lower than 20
were not included, Shahbabaie et al., 2014). However, in our studies this would have made it
impossible to include at least half of the participants. Craving regulation could be measured
better if craving is induced, this could be done by means of cue-exposure (also done in
Boggio et al., 2009). Two studies that did not find effects tDCS effects on craving did not
include a cue-induction procedure (Klauss et al., 2014; Nakamura-Palacio et al., 2012), while
many studies that did induce craving did find effects of tDCS (Boggio et al., 2008;20009;
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Fregni et al., 2008a;2008b). With the exception of Shahbabaei et al., (2014) who found an
increase in cue-induced meth craving with anodal tDCS, and a decrease in craving during
rest. In our studies participants viewed images of alcohol repeatedly during the experiment.
We made new improved standardised pictures for the second clinical study, however, they
were still very static and might be lacking context and were thus insufficient to induce
craving. Perhaps video images or pictures showing more alcohol-related context would
increase the craving induction. The context could also be improved by measuring craving in
situations where people usually experience more craving (e.g. a bar or at home, compared to
a clinic or a lab). Other useful craving induction could be with mental imagery, since it would
enable context creation in the lab, or stress induction, since stress is usually related to craving
and relapse (Sinha, 2007).

If craving can be more reliably induced, it is also worth exploring if in that case
differences in (neuro)physiological response can be measured. There are specific neural
responses towards drug-cues (Goldstein & Volkow, 2002). However, fMRI is an expensive
technique, not easily applied in the clinic. We used heart rate variability (HRV), but did not
find differences between alcohol and non-alcohol images; this might further indicate the little
effect these images had on the patients. HRV might be representative of cognitive
engagement (Thayer et al., 2009), we still have to investigate the role of the galvanic skin
response, perhaps a better indicator of physiological arousal (Reid et al., 2006). A complex
issue in the measurement of craving is the interplay between arousal/motivation and cognitive
control. Stronger DLPFC activation or higher HRV in response to craving might be
associated with more craving regulation. However, if there is no craving to begin with this
complicates the directionality of the effect, since it is uncertain whether this is due to the
absence of craving or successful regulation. Although research is mixed regarding findings
on physiological measurements in alcohol use, it would provide an easy to use and more

direct measurement of craving and thus should be investigated further.
6.3.3. Clinical research

We have performed two small clinical trials and have registered these according to the
consolidated standards of reporting trials (CONSORT) guidelines. These guidelines are
useful and necessary to obtain reliable clinical trials. However, clinical research is often
difficult because of planning, patients, and other practical issues. Important considerations in
clinical trials are risks for selection, performance, detection, attrition, and reporting bias
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(Higgins et al., 2011). We have complied partly to these factors. Participants were randomly
assigned to the condition (selection). There were some differences in the experience between
active and sham tDCS, however, most participants did not correctly recognise their condition
(detection). We did not assess experimenter blinding (performance). This is an important
issue for future studies; however, one would also want to avoid training experimenters to pay
too much attention to the presence, and consequently the characteristics, of the placebo and
active conditions. Missing data is a common problem in clinical research (attrition), we have
reported all missing data and have used the least biased method of multiple imputation to deal
with the missing data. We did not perform intention to treat analysis, but excluded
participants who did not receive the intended treatment or if other valid exclusion criteria
applied. Since the sample size per condition was relatively low, we wanted to limit the
influence of non-contributing participants. Since attrition during the experiment was low the
risk of bias should not be high. In our clinical studies there was inconsistency between the
registered trial and the study (reporting); however, we did not selectively select the outcome,
but the planned outcome was not included in the follow-up questionnaire and we used an

approach that was already used in other studies.

It is very important and difficult in a clinical trial to determine the primary outcome
measurement. Treatment success, not using alcohol anymore, is the obvious primary outcome
in addiction research, however, there is not one variable that best represents all aspects of this
outcome. In our clinical trials we ultimately used the most feasible binary measurement of
relapse, one year after treatment discharge, because this was already assessed in the clinic
(based on the German Sucht society), and reported in previous studies (Eberl et al., 2013,
Wiers et al., 2011). A binary measure does not fully cover the span of information, but the
severity of relapse that is scored as failure is determined beforehand and the score does not
further distinguish different kinds of relapses. A common approach in treatment efficacy
measurement is survival analysis, which also encompasses the time to relapse (Klauss et al.,
2014). Other outcomes are related to the percentage of (heavy) drinking days (Flannery et al.,
2002; Magill & Ray, 2009). In all these measures definitions may differ in what is considered
a relapse or a heavy drinking episode (usually more than 6 standard drinks). In many studies
total abstinence is the aim, but this might not be the preferred goal or the most obtainable
goal for the patient, and a reduction in alcohol use (controlled drinking) can also be a positive

outcome (van Amsterdam & van den Brink, 2011). Treatments might help prevent and/or
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cope with relapse, and with obtaining self-set goals, it would be useful in future research to

be able to discern these processes.

One way to obtain more information on a person’s state outside of the clinic would be
with ecological momentary assessment (EMA, Shiffman, 2009). Most people in the
Netherlands own cell phones and this provides an easier way to reach people, in comparison
with letter and telephone. It might also increase the number of patients that can be reached for
follow-up analysis. There are good approaches to handle missing data, however, there is no
substitute for real data. With EMA situational and personal data could be used to investigate
individual risk factors and chances to relapse (and find the right moment and targets for
intervention). Extensive monitoring systems have for instance already been developed for
bipolar disorder (Miklowitz, 2012). Another personalised approach would be to try and better
predict which groups of participants will benefit from a certain treatment (personalized
medicine). For example, when considering the previous paragraphs this could be those who
have more craving, or a relatively strong approach bias for alcohol. However, as indicated
earlier, both are difficult to measure in a reliable way. An alternative could be genetic
profiling: for example, a g-allele in the OPRM1 gene has been related to relatively strong
craving (Van den Wildenberg et al., 2007) and a relatively strong approach-bias for alcohol
(Wiers et al., 2009). The same gene has also been related to a good response to the
medication Naltrexone (Chamorro et al., 2012). However, a recent prospective genetic
matching study did not confirm genotype-matching to treatment (Oslin et al., 2015). Hence,
the idea of patient-treatment matching is appealing, but needs to be further investigated,
given our current modest understanding of what works for whom and how to reliably

measure that.

Another issue regarding baseline demographics is randomisation and baseline
differences. When randomisation is applied, one would expect similar groups, but with many
variables and a heterogeneous sample this sometimes is not the case. In our research we have
had some studies were there were some (trend-level) baseline differences. Even a non-
significant baseline difference could influence the direction of the effects; if we are testing a
manipulation the assumption that these groups are the same is very important for assessing
intervention effects in small samples. We already stratify based on gender, it might be
advantageous to also stratify on other variables that are vital to your research (e.g. alcohol
use, craving, bias). This will reduce baseline differences, but also has downfalls (Kahan &

Morris, 2012), however, another approach of adding differing baseline characteristics as
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covariate is also debatable (Miller, 2001). The optimal solution (but not always feasible) is of

course to use larger samples.
6.3.3. Cognitive Bias Modification

There has been a recent surge in meta-analyses and reviews on CBM; some optimistic
(Beard, 2011; Clarke, Notebaert, Macleod, 2014; Cox et al., 2014; Macleod & Clarke, 2015;
Gladwin, Wiers, Wiers, 2017; Price et al., 2016; Wiers et al., 2013) and some critical
(Cristea, Kok, & Cuijpers, 2015; 2016; Christiansen, Schoenmakers, & Field, 2015;
Mogoase, David, Koster, 2014; Emmelkamp, 2012). Most focus on anxiety and depression
(generally with ABM), and a few discuss the effects on addiction (Christiansen et al., 2015;
Cristea et al., 2016; Mogoase et al., 2014). The most recent meta-analysis investigated all
CBM techniques (avoidance retraining, interpretation training, attentional bias training, and
also selective inhibition training) in all types of clinical and non-clinical addictions (i.e.
smokers and drinkers) and concluded that there was a small effect, but that CBM did not hold
any clinical relevance in addiction (Cristea et al., 2016, but see comments from Wiers and
Field). One obvious criticism is the fact that they lumped together many qualitatively
different studies: clinical trials with patients and experimental studies with students who were
not motivated to change. When considering the alcohol approach bias retraining, it is likely
that it has little effect on changing drinking behaviour of heavy drinkers, when they are not
motivated to change (Lindgren et al., 2015; Boendermaker et al., 2015; see review: Wiers et
al., 2016). There are not that many clinical studies published yet, but all that exist on alcohol
approach bias retraining show promising effects (Eberl et al., 2013; Wiers et al., 2011),
including a recent study from a different lab which showed effects during detox (Manning et
al, 2016). One web-based study showed some potential for approach bias retraining online for

smokers, although they only compared training to a waiting list (Wittekind et al, 2015).

For the attentional bias retraining studies the results are less conclusive, only one
small study with alcohol patients in the clinic has been done (Schoenmakers et al., 2010).
Four studies were done with multiple sessions of ABM in smokers (Begh et al., 2015;
Elfeddali et al., 2016; Kerst et al., 2014; Lopes, Pires & Bizarro, 2014): Two found effects on
bias (and one also on craving), and only one found effects on smoking cessation, but only for
a subset of heavy smokers (>15 cigarettes/day, Elfeddali, et al., 2016). One study did not find
any effects (Begh et al., 2015), but also did not find a bias for smoking stimuli at baseline.
There was also a critical meta-analysis on anxiety and ABM questioning the potential

100



(Cristea et al., 2015). However, Macleod & Clarke, (2015) argued that negative findings in
anxiety could be explained by the fact that studies that showed absences in clinical findings
also did not show that the bias was changed, indicating a manipulation error. Still with our
study included the evidence for attentional bias modification in addiction is not very
convincing yet. Also the extremely low reliability of the visual probe task could contribute to
some of the conflicting results in ABM research. There may also be fundamental differences
between attentional bias for anxiety and addiction, for example pictures relating to an anxiety
are very salient for anxious people, whereas alcoholics do not report strong responses towards
alcohol pictures (e.g. Michalowski et al., 2002; Wrase et al., 2002).

Clearly CBM effects in alcohol (or anxiety) treatment are small, variable, and
dependent on several factors, however, especially the large sample trials with alcohol
approach provide promise for future research. It should also be added that CBM techniques
are especially non-invasive, accessible and inexpensive (only requiring a computer), thus
relevant clinical effects could be obtained with little effort. CBM research would benefit from
improved implicit tasks, and reports should always include reliability measures. Future
research could also focus on selectively testing of CBM in groups that are expected to benefit
(that have an attentional bias), or first create a bias, for instance, by changing the situation or
craving induction. Studies in heavy drinkers still hold value to investigate the underlying
mechanisms, however, perhaps less so to change the drinking behaviour.

6.3.4. Transcranial Direct Current Stimulation

Just like CBM tDCS has also received ample amount of criticism recently, mainly from one
research group (Horvath et al., 2014;2015). One meta-analysis argued that tDCS has no other
neurophysiological effects other than MEP, and the other that a single session of tDCS has no
reliable effect on cognition. These meta-analyses have been criticised methodologically and
for making too stringent conclusions (Antal et al., 2015), and other meta-analyses with
different approaches do indicate significant findings (e.g. cognition: Dedoncker et al., 2016;
language: Price et al., 2015; working memory: Hill, Fitzgerald, & Hoy, 2015; Mancuso et al.,
2016 , craving: Jansen et al., 2013). Nevertheless, the effects are often small, and there is
growing concern whether effects of tDCS are as straight-forward and multi applicable as first
proposed (or suggested by the media). Some useful suggestions to improve future research

are to include measurements of possible placebo effects, and to conduct a priori selection and
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registration of the outcome measurements, and sufficiently powered studies (Lewis & Bates,
2013).

These reviews also illustrate that the underlying mechanisms of tDCS are complex.
The simple “anodal is excitatory and cathodal is inhibitory model” works on a neuronal level,
but is far too simplistic and does not explain conflicting results in human research
(Karabanov et al., 2015; Fertonani, & Miniussi, 2016). On a cellular level the inhibition or
excitation of groups of neurons is dependent on the direction of the current and the inhibitory
or excitatory role of the activated neuron. The behavioural output consequently also depends
on the current state of the brain and the activation state of the neuronal networks. Another
issue is that most studies focus on the motor cortex, however, motor-cortex excitability does
not necessarily translate to other areas, for example, no correlation has been found between
visual and motor cortex excitability (Boroojerdi et al., 2002; Stewart et al., 2001). TDCS
could be an effective technique, but the underlying mechanisms are puzzling and difficult to
measure. It is very important to investigate these mechanisms, however, because they are so
variable (and one mechanisms does not translate to the other) it is at the same time still

relevant to investigate clinical effectiveness even with limited knowledge of mechanisms.

Next to considerations on the general mechanism underlying tDCS and the variability
in these findings, there is the practical issue of determining optimal tDCS parameters, such as
the positioning and size of the electrodes, the current strength, and the frequency and duration
of stimulation. For DLPFC stimulation we chose two different setups for the reference
electrode, either with the reference on the contralateral supraorbital region (most often used
in working memory studies) or with a larger reference on the contralateral DLPFC site (to
obtain unilateral stimulation). Different reference electrodes lead to a different current flow
and could lead to different neuronal activations. There are limitations to both strategies. The
orbitofrontal cortex (OFC), which is the brain region underneath the supraorbital region, is
also relevant for addiction related processes (Ouellet et al., 2015), thus it is more difficult to
attribute effects to the left DLPFC stimulation. It is uncertain to what extent the larger
contralateral electrode does not affect the underlying hemisphere and the larger size makes
positioning more challenging. It is difficult to determine the best electrode positioning
(DaSilva et al., 2011). The other tDCS parameters, such as strength of stimulation (usually
between 1 mA and 2 mA) and length of stimulation (usually between 10 minutes and 20
minutes), are also typically based on other studies, but in general, decisions in this domain

appear rather arbitrary in nature. It is also difficult to determine whether the current reaches
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the brain of the participant due to individual differences in relevant parameters, such as the
size of the head and the thickness of the skull (Kim et al., 2014).

There are many methodological considerations regarding finding the right target for
tDCS stimulation. An even more central issue concerns the main target of stimulation. We
have chosen to focus on stimulation of the left DLPFC, since there was an abundant amount
of research on tDCS effects on working memory that indicated this area could be targeted in a
successful way. It was also judged to be clinically relevant, for the effects on craving
reduction. Whether tDCS would have a stronger effect when applied on the left or right
DLPFC remains to be determined; perhaps both could be beneficial or there could be
individual differences. There is a clinical trial protocol published where right anodal tDCS
(left cathodal) will be investigated with a different pattern of stimulation (twice 13 minutes,
with 20 minutes break, Trojak et al., 2016), which was successfully used in a smaller study
(Klauss et al., 2014). We did find effects on relapse, these could have also been due to effects
on general plasticity that went beyond the effects of the training. We hypothesised that
stimulation of the left DLPFC might help to overcome a cognitive bias. But recent studies did
not find that the DLPFC was involved in successful alcohol avoidance retraining, nonetheless
the mesolimbic areas (e.g. amygdala, mPFC) did play a relevant role (C.E. Wiers et al.,
2015a;2015b). TDCS cannot directly target deeper regions (such as the amygdale), however,
due to network activations subcortical regions could be activated indirectly (Weber et al.,
2014). A neurocognitive review indicated that studies with patients in treatment did not show
OFC and DLPFC activations at all (Wilson et al., 2004). These authors suggested that frontal
activations are context dependent and only activate when active drug seeking is still present.
This further illustrate the complexity of finding the right target that could be stimulated with
tDCS. It remains that there is a lot of uncertainty around the mechanism of tDCS and the

most useful parameters.

It is difficult to determine the underlying mechanisms and best parameters. One
important improvement for (clinical) research would be if a clear predictor of tDCS
responsiveness could be found. This could be achieved with neuroimaging paradigms
(perhaps preferably the cheaper EEG, compared to fMRI), or with cognitive tasks. For each
person receiving tDCS, it is uncertain whether the current is actually reaching the brain; if
one could find a certain (e.g. 10% increase) on a task due to tDCS, this would provide some
indication that it is reaching its goal, and could then also enhance the process that is intended

to be improved. Or for instance if EEG brain oscillations can be consistently changed due to
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tDCS (Song et al., 2014), this could be an indication of neuronal modulation occurring.
Another option, similar as with Naltrexone and OPRML1 (Chamorro et al., 2012), would be
selecting patients with a specific genetic profile (Chhabra et al, 2015) . However, current
results are not robust enough to be useful predictors at individual levels. A first step could be
to investigate if improvements due to tDCS on one task would predict improvements on

another related task, while also localising the associated neuronal processes.
6.4. General Conclusions

In this thesis our central aim was to investigate whether it was possible to stimulate the
addicted brain with transcranial direct current stimulation (tDCS), to avoid approaching,
attending to, and using alcohol. Overall there are some indications that tDCS can have a
relevant role in alcohol dependence treatment, especially looking at the effects of tDCS on
relapse. However, the underlying mechanism is still uncertain. Craving was reduced only in
heavy drinkers and not in the patient studies, but this was mainly because craving was
extremely low. We found no support for lasting enhancement of CBM by tDCS. Only brief
learning enhancements were found in the clinical studies. CBM itself also did not have the
expected effects; it did not lead to larger bias scores post-assessment on the main bias tasks or
the transfer tasks. Although the results may have been confounded by the poor reliability of
the implicit tasks used. Future research should improve craving measurements, for example
by using stronger craving induction procedures, and use better tasks, for example by making
them more adaptive, to be able to find better outcomes and mediators for treatment success.

Interestingly, after the start of this project a flow of several critical reviews have come
out both regarding tDCS and CBM. With a pessimistic perspective one could say we have
been investigating the combination of two vanishing fields; however, if one then looks at the
amount of inspired counter reviews and comments, we could argue that the fields are actually
thriving. A discussion is always important in research and it is unlikely we will easily find
straight-forward answers. The research presented in this thesis puts itself in the middle of this
discussion; neither a completely critical or affirmative perspective can be argued. In a broader
view one could argue that tDCS and CBM separately have potential for the future, however,
in the specific forms tested in this thesis do not clearly have added benefit when used in a
combination. Eventually tDCS and/or CBM might be used as part of multifaceted, feasible,
affordable, efficient, and effective treatments for alcohol use disorders and other addictions.

There is far more research to be done to find the best approaches.
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Appendix Al. Overview of side-effects reported during the first session of (active/sham)

tDCS

_ .. Chapter3 Chapter 4 Chapter 5

Chapter 2 (n—41) (n=77)2 (n=61)3 (n=83)4
sham DLPFC IFG sham DLPFC sham  DLPFC sham  DLPFC
Itching 1.0 1.9 1.9 0.8* 1.6* 0.5 0.7 0.4 0.4
Tingling 1.3*  2.4* 24% 15 1.7 0.7 1.0 0.7 0.7
Burning 0.7 1.1 1.2 0.9 14 0.4 0.7 0.4 0.3
Pain (scalp) 0.0* 0.2* 0.0 0.1
0.1 0.3 0.3 0.3 0.3

Pain (neck) 0.0 0.2 0.1 0.1
Headache 0.1 0.4 0.3 0.4 0.2 0.1 0.5 0.0 0.1
Fatigue 0.7 1.2 1.0 1.5* 0.7* 0.3 0.0 0.3 0.1
Dizziness 0.3* 0.1* 0.6* 0.1 0.2 0.1 0.0 0.0 0.0
Nausea 0.1 0.1 0.3 0.1 0.0 0.0 0.0 0.0 0.0
Trouble
concentrating X X X X X 0.2 0.6 0.5 0.3
Mean 0.5 0.9 1.0 0.7 0.8 0.2 0.4 0.3 0.2
p-value 08 >.01 24 43

1. Active stimulation was 1 mA for 10 minutes over the left DLPFC (cathode: right supraorbital

area). sham stimulation 1 mA for 30 seconds.

2. Active stimulation was 1 mA for 15 minutes over the left DLPFC (cathode: right supraorbital

area). sham stimulation 1 mA for 30 seconds.

3. Active stimulation was 2 mA for 20 minutes over left DLPFC (cathode: 100 cm? on right
DLPFC). sham stimulation 2 mA for 30 seconds (with a fade-in off 2 minutes).

4. Active stimulation was 2 mA for 20 minutes over left DLPFC (cathode: 100 cm? on right
DLPFC). sham stimulation 2 mA for 30 seconds (with a fade-in off 30 seconds).

Note: Average side-effects (For chapter 2 & 3 on a 5-Likert scale. for Chapter 4 & 5 on a 4-Likert

scale) reported after the first session of anodal and sham tDCS (between subject data). Numbers

with an asterisks (*) differ significantly (p<.05) between active and sham stimulation. The p-value is

given for the overall between-subject test for sham vs. anodal stimulation.
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Appendix A2. Overview of side-effects mean over all sessions of (active/sham) tDCS

Chapter 2 (n=41)" Chapter 3 (n=77)> Chapter 4 (n=61)> Chapter 5 (n=83)*

(single session) sham active  sham active  sham active
Itching X 0.8* 1.6* 0.4* 0.5* 04 04
Tingling X 1.4 1.7 0.6* 0.7* 0.6 0.6
Burning X 0.8 1.2 0.4* 0.6* 0.3 0.3
Pain (scalp) X 0.0* 0.1* 0.0 0.1
0.3 0.3

Pain (neck) X 0.1 0.1 0.1 0.0
Headache X 0.4 0.2 0.0 0.1 0.0 0.1
Fatigue X 1.4% 0.8* 0.2* 0.4* 0.2 0.2
Dizziness X 0.1 0.2 0.0 0.0 0.0 0.0
Nausea X 0.1 0.0 0.0 0.0 0.0 0.0
Trouble
concentrating X X X 0.1* 0.2* 0.3 0.2
Mean X 0.7 0.8 0.2 0.3 0.3 0.2
p-value X 31 >.01 .55

1. Only asingle session

2. 3 sessions (active or sham)

3. 4 sessions active stimulation and 4 sessions sham stimulation

4. 4 sessions (active or sham)

Note: Side-effects (For chapter 3 on a 5-Likert scale. for Chapter 4 & 5 on a 4-Likert scale) averaged
over all sessions of anodal and/or sham tDCS. Chapter 3 and chapter 5 are between-subject analysis,
chapter 4 is within subject analysis (without the group that always received sham). Numbers with an
asterisks (*) differ significantly (p<.05) between active and sham stimulation. The p-value is given for
the overall between- or within-subject test for sham vs. anodal stimulation.
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Appendix A3. Overview of percentage of people reporting strong side-effects in the first
session of (active/sham) tDCS

_ .. Chapter3 Chapter 4 Chapter 5
Chapter 2 (n=41) (n=77)2 (n=61)3 (n=83)*
sham DLPFC IFG sham DLPFC  sham DLPFC sham DLPFC
Itching 17% 29% 33% 8% 22% 0% 0% 0% 2%
Tingling 8% 50% 47% 23% 25% 0% 0% 0% 2%
Burning 8% 14% 7% 8% 19% 0% 3% 0% 0%
Pain (scalp) 0% 0% 0% 0%
0% 0% 0% 0% 0%

Pain (neck) 0% 3% 0% 0%
Headache 0% 0% 0% 0% 0% 0% 0% 0% 2%
Fatigue 0% 14% 7% 23% 3% 0% 3% 0% 2%
Dizziness 0% 0% 0% 0% 0% 0% 0% 0% 0%
Nausea 0% 0% 0% 0% 0% 0% 0% 0% 0%
Trouble

concentrating X X X X X 0% 7% 0% 0%

Note: For chapter 2 & 3 this means a score of 4 (strong) or 5 (very strong) on a 5-Likert scale. For
Chapter 4 & 5 this means a score of 4 (strong) on a 4-Likert scale).

108



Appendix A4. Overview of percentage of people who correctly guessed the tDCS condition

Chapter 3 (n=77)

sham active sham

Chapter 4 (n=81)

Chapter 5 (n=83)

active

correctly
guessed

Almost correctly
guessed

46% 44% 3%

X 14%

29%

41%

Note: Correctly guessed means the entire amount of sessions correctly guessed as sham or active

stimulation (for Chapter 3 only total is inquired, not inquired in Chapter 2). Almost correctly guessed

includes 75% of sessions correctly described as sham or active stimulation. Percentages indicate

people do not correctly recognize sham or active stimulation (below chance level), and are more

likely to report that stimulation is active.
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Appendix B. Overview of reliability and validity scores for implicit tasks.

Chapter 2 Chapter 3 Chapter 4 Chapter 5
(n=49) (n=86) (n=91) (n=83)
IAT'  Reliability  split-half 74 70 -76 83
test-retest 72 .57 .24 .72
validity AAT correlation 15 18 18 -01
AUDIT correlation 10 13 01 -09
craving correlation® 02 15 .07 A4
AAT/ L . -.01 .03 .47 -.07
VPT2 Reliability  split-half
test-retest -.01 .10 -.02 .15
validity AUDIT correlation -09 -04 A1 -04
craving correlation® -14 21 -16 -06
IAT with approach and avoidance words.
For Chapter 2,3,4 the AAT is given, for Chapter 5 the ABM score is given.
3. For Chapter 2,3, the AAAQ Inclined is given, for Chapter 4 and 5 a VAS score

Note: For each bias score (RT difference scores) several reliability and validity measures are given by

means of pearson correlations. The split-half reliability was calculated by taking the bias score for

two random halves of the each participant 20 times, for each iteration a split-half correlation was

obtained and all 20 correlations were then averaged.
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Stimulating the Addicted Brain: The Effects of transcranial Direct Current Stimulation

and Cognitive Bias Modification in Alcohol Users

Alcohol addiction affects millions of people worldwide and is a difficult disorder to treat. In
this PhD project we investigated a new treatment in which we combined brain stimulation
with cognitive training. We used a specific form of computer training called cognitive bias
modification (CBM). Patients who are addicted to alcohol process stimuli that are related to
alcohol differently. For example, for someone with an alcohol addiction an alcoholic
beverage (or an image of alcohol) might quickly draw attention. And when seeing this image
the patient might automatically feel the urge to take or approach the alcohol. CBM aims to
retrain these dysfunctional automatic processes. The alcohol approach bias retraining (a
specific form of CBM) retrains the approach inclinations towards alcohol, by pushing away
alcohol pictures with a joystick. This training has been found to reduce relapse; however, still
on average 50% of the patients relapse. Thus we wanted to further help patients profit from
this training by combining it with a brain stimulation. The technique that we have used is
called transcranial direct current stimulation (tDCS). This brain stimulation technique is
believed to stimulate the underlying brain areas and influence the cognitive processes that
they are involved in. Previous research has found that when tDCS is applied above the
dorsolateral prefrontal cortex (DLFPC) this reduced craving for different substances.

We have carried out four studies: two with heavy drinkers, to investigate the
processes that were involved, and two with clinical samples, to also investigate the treatment
potential of these two techniques. In heavy drinkers we found that tDCS reduced the amount
of craving people reported on a questionnaire (on a moderate craving scale) or when viewing
alcohol pictures. However, we did not find effects of tDCS on the left DLPFC on cognitive
biases. This could be because we tested students that were not motivated to change their
behaviour. We assessed two CBM types in combination with tDCS in an inpatient clinic:
alcohol approach bias retraining and attentional bias retraining. We did not find any effects of
tDCS or CBM on craving, because most patients did not report craving. There were
temporary effects of tDCS during the training task, which could have been due to some
cognitive facilitation. However, these effects where only visibly during the training task and
not in the task after the intervention, therefore they did not last long enough to be clinically
relevant. In two of the four studies we also reported results of two electrophysiological
measurements, heart rate variability (HRV, measured with ECG) and event related potentials

(ERP, measured with EEG). CBM and tDCS also did not influence these measures. However,
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in one study we found a promising trend on relapse one year after patients left the clinic in in
the group that received tDCS and CBM. The effect could not be discerned from a general
tDCS effect or a CBM enhancement effect. Nevertheless, this offers promise for the future of
tDCS research.

Overall, we did not find strong evidence for the combination of these specific forms
of tDCS and CBM as a treatment for alcohol dependent patients. The main limitations in our
studies were the absence of craving in the patients, and the reliability of some of the
computer tasks. Future studies should include stronger craving manipulations, for example by
including videos of alcoholic beverages or a stress induction. We have also given suggestions
for improvements of the computer tasks that measure automatic processes and for other for
example, more direct measurements that could be included. There is currently hot debate on
the effectiveness of tDCS and CBM research, since there have been positive and negative
findings. There can be specific explanations why the interventions sometimes do not have
beneficial results (e.g. regarding the sample or the measurements), and these absent but
sometimes to-be-expected findings, might cloud the overall picture of effectiveness. It is still
important to further investigate CBM and tDCS because they have few side-effects and are
feasible and efficient techniques that show some potential in treatment for different disorders.
More research is needed to find better measurements, discover the underlying processes, and

the best applications, to ultimately improve alcohol addiction treatment.
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Stimuleer het Verslaafde Brein: de Effecten van transcraniéle Gelijkstroom Stimulatie

en Cognitieve Bias Modificatie bij Alcohol Gebruikers.

Alcoholverslaving treft miljoenen mensen wereldwijd en is moeilijk te behandelen. In dit
promotieonderzoek hebben wij een nieuwe behandeling onderzocht waarbij wij
hersenstimulatie en cognitieve training hebben gecombineerd. De cognitieve training die wij
hebben gebruikt is cognitieve bias modificatie (CBM). Patiénten die verslaafd zijn aan
alcohol verwerken stimuli die met alcohol te maken hebben vaak op een andere manier.
Bijvoorbeeld, als iemand met een alcoholverslaving een alcoholisch drankje (of een plaatje
daarvan) ziet, trekt dit plaatje meteen de aandacht. Dit wordt een aandacht bias genoemd. Bij
het zien van het plaatje ontstaat mogelijk de drang om het drankje te pakken of benaderen
(approach bias). Het doel van CBM is om deze dysfunctionele automatische reacties te
hertrainen. Met een alcohol benadering bias hertraining (een specifieke vorm van CBM)
wordt geprobeerd om automatische reacties te veranderen door plaatjes van alcohol op de
computer met een joystick weg te duwen. Eerder onderzoek heeft laten zien dat deze training
terugval kan verminderen, maar nog steeds ligt terugval gemiddeld rond de 50%. Daarom
hebben wij onderzocht of er een manier was om nog meer baat uit deze training te halen door
het te combineren met hersenstimulatie. We hebben hiervoor een techniek gebruikt, genaamd
transcraniéle gelijkstroom stimulatie (tDCS). Deze techniek kan onderliggende
hersengebieden stimuleren en mogelijkerwijs zo de cognitieve processen waar deze een rol
spelen beinvloeden. Onderzoek heeft laten zien dat tDCS, wanneer het boven de dorsolaterale
prefrontale cortex (DLPFC) geplaatst werd, de drang (craving) naar verschillende middelen
kon reduceren.

Wij hebben vier onderzoeken uitgevoerd: twee met zware drinkers om de
onderliggende processen te onderzoeken, en twee met verslaafde patiénten, om de klinische
effecten te onderzoeken. Bij zware drinkers vonden we dat tDCS de drang naar alcohol,
gerapporteerd op een vragenlijst en in reactie op plaatjes, kon verminderen. We vonden
echter geen effect van tDCS over de DLPFC op de cognitieve bias. Dit zou kunnen komen
doordat we studenten hadden getest die niet gemotiveerd waren om hun gedrag te veranderen.
We hebben vervolgens twee CBM types, alcohol benadering bias hertraining en aandacht
bias hertraining, onderzocht in combinatie met tDCS in een verslavingskliniek. We vonden
geen effecten van tDCS of CBM op de craving naar alcohol, dit komt omdat de patiénten
weinig craving naar alcohol rapporteerden. Er waren tijdelijk verbeterde effecten van tDCS

tijdens de training taak, mogelijk zou tDCS de cognitieve processen iets hebben doen
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versnellen. Deze effecten waren echter alleen zichtbaar tijdens de training taak en niet in de
taak afgenomen na de interventie, daarom is het effect niet langdurend genoeg om klinisch
relevant te zijn. In twee van vier studies hebben wij ook elektrofysiologische resultaten
gerapporteerd, namelijk hartslag variabiliteit (HRV, gemeten met ECG), en event related
potentials (ERP, gemeten met EEG). De interventies CBM en tDCS hadden ook hier geen
invioed op. In een van de klinische studies vonden we wel een veelbelovende trend op
terugval een jaar na het verlaten van de kliniek in de groep die tDCS en CBM samen kreeg.
Er kon hier echter geen onderscheid gemaakt worden tussen een potentieel verbeterend effect
van tDCS op CBM of een algemeen tDCS effect. Desondanks laat dit resultaat zien dat tDCS
mogelijk wel potentie heeft voor de toekomst.

Alles bij elkaar genomen hebben wij geen sterk bewijs gevonden voor een combinatie
van deze specifieke vormen van tDCS en CBM om alcoholverslaving te behandelen. Een
belangrijke limitatie in het onderzoek was het gebrek aan craving bij de patiénten, en de
matige betrouwbaarheid van sommige computer taken. Toekomstige studies zouden sterkere
craving manipulaties toe moeten voegen, bijvoorbeeld met videobeelden, echte alcoholische
drankjes, of een stress-manipulatie. We hebben ook suggesties gegeven voor verbeteringen
op de computer taken die de automatische processen meten en voor andere directere maten
die mogelijk gebruikt kunnen worden. Er is momenteel discussie over de effectiviteit van
tDCS en CBM, omdat er positieve en negatieve bevindingen zijn gedaan. Er kunnen
verschillende redenen zijn waarom de interventies soms geen positieve resultaten hebben,
bijvoorbeeld door de geteste deelnemers of de meetinstrumenten. De afwezigheid van
positieve resultaten, ook al zijn ze soms te verwachten, kunnen het gehele beeld van
effectiviteit onduidelijk maken. Het blijft belangrijk om CBM en tDCS verder te onderzoeken
omdat ze weinig bijwerkingen hebben en toegankelijke technieken zijn, die enig potentie
laten zien bij het behandelen van verschillende stoornissen. Meer onderzoek is nodig om
betere instrumenten te vinden, de onderliggende processen te ontdekken, en de beste

toepassing te vinden, om zo uiteindelijk de behandeling van alcoholverslaving te verbeteren.
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Stimulating the Addicted Brain. The Effects of Transcranial Direct Current

Stimulation and Cognitive Bias Modification in Alcohol Users

In this PhD project we investigated a new intervention in which we combined brain
stimulation with cognitive training. We used a form of training called cognitive bias
modification (CBM) aimed at retraining dysfunctional automatic reactions towards
alcohol. We investigated whether transcranial direct current stimulation (tDCS)
applied over the dorsolateral prefrontal cortex (DLPFC) could improve this training.
We carried out four studies: two with heavy drinkers, to investigate the processes
that were involved; and two with clinical samples, to investigate the treatment
potential. We found some evidence for a reduction in craving due to tDCS in the
heavy drinkers. However, patients reported very low craving, therefore this could
not be studied properly. We found a small cognitive facilitation due to tDCS during
the training. But on post-intervention bias scores we found no evidence for an
enhancement effect of tDCS on CBM. In one study we found a promising trend on
relapse in the group that received tDCS and CBM. The effect could not be discerned
from a general tDCS effect or a CBM enhancement effect. Nevertheless, it offers
promise for the future of tDCS research. The specific combinations investigated in
this thesis were not very successful. However, it is important to further investigate
CBM and tDCS because they are feasible techniques that show some potential in

treatment for different disorders.
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