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Introduction: Only two behavioral addictions (BAs) are currently recognized in
international classifications (gambling disorder: GbD; gaming disorder: GmD), while
some of them await further investigation (food addiction: FA; sexual addiction: SA).
Neurocognitive functioning is considered a risk factor for BAs. Research is quite
abundant for GbD and highlights specific deficits in several cognitive functions.
Nevertheless, grey areas still exist. The aim of this research programme is to inves-
tigate the neurocognitive profiles of patients presenting with various BAs and to
establish parallels between different forms of BA to achieve a common addiction
concept.

Methods and Analysis: This research program is composed of two studies sharing the
same methodology but focusing on different samples: the BANCO study aims to
include 30 individuals with a GbD, whereas the BANCO2 study aims to include 30
individuals with a GmD, 30 with a SA, and 30 with a FA. Moreover, for each BA
group, 30 healthy controls will be recruited, matched by sex, age and education level.
Several cognitive tasks will be completed by participants. Cue reactivity and physio-
logical responses, as well as clinical data regarding addiction characteristics and
based on the
cognitive tasks will be computed using principal component analysis (PCA). Overall
cognitive performance and detailed performance on the different cognitive
tasks will be with BAs and their matched
healthy controls using linear models with random effects. Comparisons will also be

personality, will also be investigated. A composite score

compared between individuals
made between BA groups to investigate specific alterations associated with each
disorder.

Discussion: The results of this research programme will impact both research and
clinical areas by (i) providing new knowledge for discussions regarding the inclusion
of BAs under the spectrum of addictive disorders; (ii) improving understanding of
addiction mechanisms in general; (iii) providing clarity in the grey areas in neurocog-
studied
BAs, (iv) guiding clinicians to propose therapeutic alternatives and complementary

nitive research on BAs and improving the understanding of less
programmes.

Trial Registration: BANCO study (ClinicalTrials.gov NCT03202290); BANCO2 study
(ClinicalTrials.gov NCT03967418).
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Introduction

Background and rationale

Behavioral Addictions

Behavioral addictions (BAs) are non-substance addictions.
The object of addiction can, therefore, be a sport, food,
sex, gambling, gaming, or any behavior that could produce
pleasure and provide relief from internal discomfort that is
employed in a pattern characterized by (i) recurrent failure
to control the behavior (powerlessness) and (ii) continua-
tion of the behavior despite significant negative conse-
quences (unmanageability).'

Regarding the actual recognition of BAs, international
manuals of mental diseases recognize only two of them.
The first BA to be acknowledged was gambling disorder
(GbD) in the “Substance-related and addictive disorders”
section of the fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM) in 2013.> The classi-
fication in the tenth edition of the International
Classification of Disease (ICD-10) went from an impulse-
control disorder to an addictive behavior in the ICD-11 in
2018. The second BA, gaming disorder (GmD), was
defined more recently in 2018 in the ICD-11. Other patho-
logical behaviors are often reported as BAs in the litera-
ture, such as sexual addiction (SA),> food addiction
(FA),** excessive exercise,’ kleptomania,” or shopping
addiction.® Recently, SA%'® and FA*'' have been under
particular investigation regarding whether they should be
considered BAs. However, the level of evidence is still too
poor, and further research is needed.

Regarding SA in particular, the lack of evidence rather
than contradictory pieces of evidence seems responsible
for this lack of acknowledgement.'” The ICD-11 included
which has
a prevalence rate of 2.0 to 3.7% in the general

“compulsive sexual behavior disorder”,
population'?, within the “Impulse-control disorder” sec-
tion. This disorder is still awaiting further investigation
regarding the mechanisms of its development and main-
tenance before it can be included in the addiction
section.'® Symptoms presented in the ICD-11 include (i)
sexual activities as the main interest, which leads to
neglect in other spheres, (ii) recurrent failures to control
or diminish sexual activities, (iii) continuation of the beha-
vior despite negative consequences, (iv) persistence of the
behavior even if there is no satisfaction from it, (v) persis-
tence during a prolonged period of time and (vi) negative
impacts in different spheres of daily functioning. '

There have been some arguments in the literature to

consider SA in the framework of an addictive disorder
rather than an impulse-control disorder.'® First, literature
reviews of human studies have suggested that people with
SA experience withdrawal symptoms (such as anxiety or
depression), tolerance (increase in the behavior) and diffi-
culties stopping the behavior.'®'” Second, similar to addic-
tive symptoms, it has been shown that patients with
unregulated use of pornography display higher self-
reported cognitive impulsivity and higher levels of craving
than recreational and frequent users of pornography'®.
Third, the exploration of patterns of cerebral activation
during viewing of explicit sexual videos'® and during
performing an incentive delay task with explicit sexual
stimuli®® showed increased striatal activation in a group
of problematic users of pornography compared to controls,
supporting the idea that sexual cues are more salient for
problematic users of pornography. Taken together, neuroi-
maging studies of people with compulsive sexual behavior
showed a similar pattern of activation to patients with
addiction, specifically in networks implicated in cue
reactivity.”' Finally, even if international classifications
have not yet classified compulsive sexual behavior disor-
der as an addiction, clinicians have already proposed some
treatments recognized as effective in the field of addiction,
such as cognitive behavioral therapy and motivational
interviewing.”® Pharmacological treatments, such as nal-
trexone, which is known to inhibit dopamine release in the
ventral part of the striatum and is used as a treatment to
regulate craving in alcohol use disorder, have been used
with patients with a compulsive sexual behavior disorder
and resulted in improvements in their symptoms.****
These arguments are thus in favour of considering com-
pulsive sexual behavior disorder as a BA, which could
permit the expansion of alternative treatments and
research, thereby providing benefit to patients.*

The concept of FA emerged during the previous cen-
tury, but human research has primarily emerged in the
last decade.’ This concept is based on the model of
substance use disorder as proposed in the DSMZ
Indeed, FA reflects the idea that food can be considered
addictive and can trigger addictive behavior such as (i)
ingestion of a larger amount of food than was intended,
(i1) constant desire or repetitive failure to stop the beha-
vior, (iii) recovery from or engagement in the behavior
occupies much time, (iv) withdrawal from daily life
spheres, and (v) repetition of the behavior despite nega-
2.26-28 a BA

remains under discussion because the ingestion of food

tive consequences Its classification as
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can be likened to the ingestion of substances, while the
behavior of eating itself can be considered the BA.'!'*7-28
FA can be evaluated with the Yale Food Addiction Scale
(YFAS?%), which is a 25-item questionnaire that assesses
eating habits within the last 12 months and is based on
the DSM-5 criteria for substance use disorder.” Using this
questionnaire, research found a prevalence of FA ranging
1.7% to 8.8%
European countries®®. In clinical samples, the prevalence

from in non-clinical samples from
is higher and can reach up to 95.7% in patients diagnosed
with binge eating disorder,>® 60% in patients with anor-
exia nervosa, 81.5% in patients with bulimia nervosa and
72.2% in patients with an eating disorder not otherwise
specified.’! A systematic review of research in bulimia
nervosa showed that FA plays a role in the maintenance
of bulimia nervosa symptoms.*> Moreover, in bulimia
nervosa, the lower the FA severity is, the better the short-
term prognosis after a brief psychoeducation group
session.>® In summary, FA can be found in individuals
with any eating disorder but still needs to be explored to
determine whether it can be considered a diagnostic
entity itself or a transdiagnostic symptom among eating

disorders.?%2®

Regarding neuronal activity patterns,
higher FA scores in a non-clinical sample were correlated
with higher neuronal activation in the anterior cingulate
cortex, medial orbitofrontal cortex and amygdala in
anticipation of palatable food cues, suggesting a link
between FA and motivational networks.** To our knowl-
edge, such an investigation has not been performed in
clinical samples of patients with FA, but it seems that
reward processing circuits are altered in patients with
eating disorders.>> For example, obese individuals com-

pared to controls display altered
36,37

striatal dopamine

functioning and higher activation of motivational net-

when d.2838

works looking at high-calorie foo
Additionally, patients with binge eating disorder or buli-
mia nervosa exhibited higher food cue reactivity than
controls without an eating disorder’®. Therefore, this
body of evidence suggests alterations in the neuronal
circuits involved in reward and motivational processes,
as found in substance use disorder patients®’.
Furthermore, a review of the literature on animal studies
exploring food addiction also supports the classification
of FA as an addiction by showing neurobiological
changes in rodents when exposed to high-fat or highly

palatable food.*

Considering their shared characteristics with other BAs
and substance use disorder, there are strong arguments,
especially clinical arguments, that SA and FA could be
considered BAs.*!

Cognitive Functioning in Addictions

The Interaction of Person-Affect-Cognition-Execution
(I-PACE) model** postulates that addiction is a multi-
step process. During the first step, external and internal
triggers lead to affective or cognitive responses that guide
the decision to realize the behavior to produce gratification or
relief. The repetition of the behavior combined with indivi-
duals’ characteristics progressively modifies the response to
external and internal triggers, leading to the facilitation of
craving and a loss of control over the behavior. Such changes
are increased by deficits in cognitive control over stimuli
related to problematic behaviors. The search for gratification
gradually turns into the search for compensation, and biases
in coping styles and cognition participate in the maintenance
of problematic behaviors.

Thus, factors that influence the loss of control over
urges are central to understanding the mechanisms under-
lying addictions and can be leveraged to achieve recovery
in treatment approaches. Among those factors, cognitive
functioning may play a central role in the loss of
“willpower”.** Indeed, the triadic neurocognitive model
of addiction* postulates that the loss of control over
addictive behaviors is the result of an imbalance between
three key interacting cognitive systems. The impulsive
system processes automatic functions dealing with routine
situations and salient behaviors through the amygdala-
striatum network. The reflective system handles decision
making in new and more complex situations through two
executive networks: (i) frontostriatal and frontoparietal
networks deal with cool executive functions that handle
basic executive functioning without an influence of emo-
tions, while (ii) the ventromedial prefrontal cortex med-
iates hot executive functions that trigger emotional states
based on memories and knowledge. Finally, the interocep-
tive system, which involves the insula, modulates the
interplay between the first two systems. This system is in
charge of translating physiological information into feel-
ings, and therefore, it would be implicated in craving and
urges®. According to this model, addiction is the result of
an imbalance in the interactions among the three systems.
The reflective system would be hypo-activated, leading to
impaired control and undervaluation of future conse-
quences, while the impulsive system would be hyper-

Neuropsychiatric Disease and Treatment 2021:17

2371

Dove:


https://www.dovepress.com
https://www.dovepress.com

Hurel et al

Dove

activated, triggering hyper-salience to addiction-related
cues. Finally, the interoceptive system would allocate
more resources to the hyper-activated impulsive system,
thus favouring addiction-related cues, at the expense of the
reflective system, leading to the loss of willpower.*>*®
Research regarding cognitive functioning in patients
presenting with a BA has mainly been developed in the
field of GbD. Indeed, GbD patients were found to show
impairments in risky decision making,*’ especially in the
context of uncertainty.*® Regarding inhibitory control, ie,
the ability to stop an already programmed action,*’ analy-
sis of the literature highlighted deficits in a large panel of
tasks such as the go-nogo task, stop-signal task (SST) and
Stroop task.’®>' Regarding flexibility, ie, the ability to
adapt behavior or a strategy in the face of a change in
the environment,52 the results have not converged, and
further study is required.’® A review of the literature
showed that attentional processes also seem to be biased,
with an attentional bias towards gambling cues highlighted
in GbD patients.>* Additionally, some cognitive functions,
such as social cognition (ie, all functions that permit the
development and maintenance of relationships with others,
from basic functions such as the detection of emotions to
more complex ones such as the understanding of

3557 are still underexplored,”®>° To our knowledge,

irony),
only one study has explored social cognition in those with
GbD and suggested specific alterations in nonverbal emo-
tional processing.®® Overall, despite the growing literature
exploring neurocognition in those with GbD, further
research is still needed.*®

Regarding GmD, the analysis of the literature has
also shown deficits in several tasks (go-nogo, Stroop,

and SST) assessing inhibitory control.®’

More specifi-
cally, GmD patients seem to display the same pattern of
performance on an SST task as patients with an alcohol
use disorder.®” Regarding decision-making abilities,
GmD patients also seem to choose riskier options®* ®
and have a preference for immediate rewards rather than
later rewards.®* Nevertheless, studies assessing decision
making under uncertainty have obtained mixed results,
and more research is needed.®* Attentional bias towards
videogame-related stimuli has also been highlighted in
a group of players with an addiction to massively multi-
player online role-playing games (MMORPGs) com-
pared to non-addicted players and non-players.®®
Regarding social cognition, only three studies have
been conducted in GmD to our knowledge, and these

studies suggested deficits in specific pre-attentional

emotional face processing®’-®®

as well as specific pat-
terns in social decision making®. Therefore, individuals
with GmD seem to display patterns of neurocognitive
functioning quite similar to those observed in indivi-
duals with GbD. Nevertheless,

needed to confirm these similarities and to characterize

further research is

potential specific alterations.

Regarding FA, the research on neurocognition is
less developed and inconsistent. One study showed,
for example, that obese women with FA displayed
worse performance than obese women without FA
when assessing decision making in a situation of
uncertainty and sustained attention.”® Nevertheless,
these findings were not replicated when comparing
patients with binge eating disorder and FA or patients
with only FA to control patients with obesity and no
FA’!, showing that further research is needed to char-
acterize the neurocognitive functioning of patients with
FA. Additionally, executive functioning was linked to

(i) weight loss in groups of patients with obesity’*’?

7+ show-

and (ii) the presence of binge eating disorder,
ing the importance of cognition in the treatment of
patients presenting with eating disorders, among
whom there is a high prevalence of FA.””

Finally, a review of studies examining cognition in
patients with SA was recently published’®. For exam-
ple, one study found that these patients displayed
enhanced attentional bias towards explicit cues in
a visual dot-probe task.”” Moreover, one study con-
ducted with patients with compulsive sexual behavior
showed a deficit in inhibitory control when they were
compared to controls in a go-nogo task,’® while the
examination of executive functioning of hypersexual
men compared to controls showed no deficits.”’
Finally, it was found in a group of users of internet
pornography that participants with the lowest inhibitory
control abilities in self-report and behavioral tasks dis-
played a higher score on a scale assessing addiction
severity.*® Additionally, the tendency for cybersex
addiction has been linked to executive function diffi-
task

sample.®' These studies suggested the presence of neu-

culties in a multitasking in a non-clinical
rocognitive alterations in SA samples, but further and
more extensive research is still needed. In summary,
the study of the neurocognitive profile of patients seek-
ing treatment for BAs is still in its infancy, especially

for certain disorders and cognitive functions.
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Objectives of the BANCO and BANCO?2 Protocols
Research on GbD, GmD, FA and SA has provided several
clinical arguments suggesting that these disorders be
brought closer to the concept of addictions. However, the
neurocognitive characteristics associated with these disor-
ders are still understudied, especially for SA and FA and
for less investigated aspects of neurocognition (social cog-
nition or flexibility, for example). This literature gap may
explain why the connections of BAs to the general concept
of addiction is still the subject of debate and why certain
disorders, clinically close to addictions, are not currently
recognized as such. Indeed, to our knowledge, no research
has been conducted involving several BAs, exploring
a large panel of cognitive functions, and linking observa-
tions to clinical profiles. This type of research would
permit (i) an exploration of potential common neurocog-
nitive patterns among GbD, GmD, FA and SA in
a transversal neurocognitive investigation of the concept
of BA and (ii) an exploration of the specificities of each of
them. Moreover, the exploration of BAs has the advantage
of allowing the investigation of the neurocognitive char-
acteristics of addictions without the neurotoxic effects
linked to the ingestion of substances. Increasing knowl-
edge in this field would thus provide a better understand-
ing of addiction in general.

Thus, the main objective of the BANCO and
BANCO?2 studies is to investigate the neurocognitive
profiles of patients with BAs and to compare them
with matched healthy controls (HCs). The BANCO
study involves GbD patients and their matched controls,
while the BANCO2 study involves GmD, SA and FA
patients and their matched controls. A secondary objec-
tive of these protocols is to compare each addiction with
each other (including those investigated in separate stu-
dies) to (i) explore potential common neurocognitive
patterns across BAs and (ii) identify specific character-
istics linked to each BA. The global objective is to
enhance the understanding of the general phenomenon
of addiction by obtaining a precise profile of each
addiction.

Finally, the last objective is to link neurocognitive obser-
vations to clinical profiles.

Trial Design

The two studies share the same methodology with a cross-
sectional case-control design allowing comparison of sev-
eral groups of patients with BAs with matched control

groups (ie, participants without any history of a BA) on
several neurocognitive tasks.

Method and Analysis

This study protocol was registered on ClinicalTrials.gov
with the identification NCT03202290 for the BANCO
study and NCT03967418 for the BANCO2 protocol. The
studies began in August 2018 (BANCO protocol) and
October 2019 (BANCO?2 protocol). Recruitment is still in
progress, and no analyses of the data have begun.

Participants
Patient and Public Involvement Statement

The patients and the public were not involved in the design,
conduct, reporting, or dissemination plans of our research.

Sample Size Calculation

Given the exploratory aspect of this study and given the
lack of data in the literature, sample size can be deter-
mined based only on recruiting capacities. Moreover, the
sample sizes in case-control studies on GmD are usually
quite small. For example, a recent meta-analysis explor-
ing the inhibitory control abilities of participants with
GmD®' reported the results of studies assessing only 11
participants in one study and more than 30 participants
in another (mean = 21 participants with GmD per
study). Thus, this study is in the upper part of the
range regarding the number of participants usually
assessed.

Description of the Population

The participants included both patients with BAs and HCs.
Patients were recruited from the Addictology Department of
the University Hospital of Nantes. The patient groups will
include 120 participants seeking treatment for a BA; more
explicitly, GbD (n=30), GmD (n=30), SA (n=30) and FA
(n=30). Each group is matched on sex, age, and level of
education with a group of 30 HCs. The 120 HCs are being
recruited through media announcements (newspapers and
radio), the Internet (link on the research team’s website, insti-
tutional websites, professional networking), and the registry of
volunteers for research that was constituted by the research
team.

Eligibility Criteria

For all participants, the inclusion criteria are (i) being
affiliated with the French healthcare system, (ii) being fluent
in French (writing and reading), (iii) having appropriate
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levels of vision and hearing (with or without correction), and
(iv) willing to accept the application of non-invasive electro-
des. The non-inclusion criteria are (i) being under 15 years
(for the FA, SA and GmD groups) and 18 for the GbD group
as it is not legal to gamble before 18 years of age; (ii)
presenting with current and non-stabilized cardiac, psychia-
tric, endocrine disorders or a lifetime psychotic disorder; (iii)
presenting with a history of neurological disorders; (iv)
receiving psychotropic treatment that had not been stabilized
for at least two weeks; (v) presenting with colour blindness;
(vi) underwent therapy focused on cognitive remediation;
(vil) being under guardianship; (viii) presenting with
a cognitive disorder that impacts daily functioning and
could impact completion of the cognitive tasks described
below; (ix) having participated in a clinical trial on a drug
during the past month; (x) being pregnant; (xi) having elec-
trical implants; (xii) having worked or studied in the field of
psychology; and (xiii) having consumed psychoactive sub-
stances during the past 12 hours. To be included in one of the
four patient groups, participants had to meet the diagnostic
criteria of one of the BAs under study and to be at the
beginning of their treatment (within six months after the
first appointment with the clinician). Regarding the FA
group, eating disorders are accepted as current psychiatric
comorbid disorders because they are a core feature of FA.
The restrictive type of anorexia nervosa is not allowed
because the concept of FA is not particularly valid in this
disorder.* Table 1 presents measures used for the diagnosis of

the BAs (patient groups).

Procedure

The first visit includes the collection of sociodemographic and
clinical characteristics. The second visit includes the neuro-
cognitive assessment. HCs complete both the clinical and
neurocognitive assessments during the same visit (see Table
2 for a schedule). For patients, sociodemographic and clinical
data are retrieved from the EVALADD cohort
(NCTO01248767).

The criteria for discontinuing or modifying the
assessment (clinical or neuropsychological) is the with-
drawal of consent, which leads to the cessation of the
assessment, or the interruption of the assessment
because of the health state of the participant (dizziness,
anxiety, excessive fatigue, etc.), which could be fol-

lowed by resumption of the assessment.

Clinical Assessment

The first visit included a standardized assessment of psy-
chopathological characteristics, personality profile, and
addiction-related characteristics (only for the patients)
through self-reported questionnaires and clinical inter-
views. Table 3 presents the content of the clinical assess-
ment. Moreover, the experimenters also collect data
regarding the following:

e sociodemographic characteristics (sex, age, education
level, professional status);

e current treatments; and

e history of addiction (age of onset, duration, and sev-
eral characteristics) - only for the patients.

Neurocognitive Assessment

All participants (patients and HCs) performed the same
assessment of neurocognitive functioning, including sev-
eral cognitive tasks assessing a wide range of neurocogni-
tive processes.

For several tasks, we use neutral, positive, negative, and
addiction-related pictures (visual probe detection task,
go-nogo task, stop-signal task, and cue-reactivity task)
or words (Stroop task) (see Supporting Files Sl
(Additional Tables 1 and 2)) for the image and word
selection procedure). The use of emotional and addic-

tion-related stimuli allows us to differentiate a bias
towards addiction-related stimuli or to general emotional
stimuli.'®® Regarding the tasks using addiction-related
pictures, we take into account the patient’s preference
using a personalized research perspective. Each addic-
tion has a list of several modalities of pictures (see
details in Table 4), and the participant has to choose
two modalities (except for those with FA, who choose
only one modality) that reflect his/her preferences.
Several cognitive tasks (visual probe detection task,
go-nogo task, stop-signal task, Stroop task, delay discount-
ing task, lowa gambling task, and cue-reactivity task) are
computerized (see Supporting File S2 for details of the

software and apparatus used).

Cognitive Tasks

All the cognitive tasks used in the BANCO and
BANCO?2 studies are briefly described in this section,
and more details are provided in Supporting File S3

(Additional Figure 1). The tasks are presented here in
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Table | Measures Used for the Diagnosis of BA
Pathology Diagnosis Criteria Measures Threshold
Gambling Disorder Gambling disorder section of the NODS® (fair internal reliability®®) adapted to the DSM-5 Score 2 4
(GbD) DSM-5 criteria
Sexual Addiction Diagnostic criteria proposed by In the absence of a validated diagnostic interview, the Score 2 3
(SA) Carnes, Hopkins, and Green (2014)%* structure of the NODS is used, after adoption of Carnes’
diagnosis criteria
Gaming Disorder Internet gaming disorder section of In the absence of a validated diagnostic interview, the Score 25
(GmD) the DSM-5 and gaming disorder structure of the NODS is used, after adaptation to the DSM-5
section of the ICD-11 criteria for internet gaming disorder.
Moreover, the experimenter systematically questions patients
to ensure that they meet the definition of gaming disorder, as
proposed in the ICD-11
Food Addiction Substances dependence criteria of the YFAS 2.0 (French validation, good internal consistency®®) Score 22
(FA) DSM-5 AND significant
distress

Abbreviations: DSM: Diagnostic and Statistical Manual of Mental Disorders; NODS: National Opinion Research Center DSM Screen for Gambling Problems; ICD:

International Classification of Disease; YFAS: Yale Food Addiction Scale

Table 2 Schedule of Enrolment and Assessments Following SPIRIT Guidelines®*®
Study Period
Patient Groups Control Group
Enrolment Assessment Enrolment and Assessment

TIMEPOINT -t ¥ to** to**
ENROLMENT:

Eligibility screen X X
Informed consent X X
ASSESSMENTS:

Clinical Assessment X X
Neurocognitive assessment X X

Notes: *Less than six month before t0; **Time zero, the day of the neurocognitive assessment, X: indicates the timepoint of each step of the study.

their order of presentation to the participants. For all of
the tasks (except the cue-reactivity task), we include
a concurrent assessment of metacognitive abilities (ie,
the ability to appraise, monitor, and control our
thoughts).''*!"3 Indeed, we ask the participant to self-
rate his/her capacity to correctly perform a specific task
before and after completing each task, which provides
concurrent access to both appraisal and monitoring
assessments. This form of metacognition assessment
does not increase cognitive load because monitoring is

not carried out during the task.''* Moreover, to capture

this measure, we use a modified version of the Positive/
Negative Behavioral Addiction Metacognition Scale
(PBAMS/NBAMS),'"> which is a self-report question-
naire that assesses participants’ general knowledge of
their metacognitive capacities.

e
The first cognitive task is the d* task, which is a standardized
and normalized test assessing sustained attention. The partici-

pant is instructed to find a target (a “d” with two points) among
116

€69

distractors (“p” or a “d” with 1 or more than 2 points).
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Table 3 Measures Used for the Clinical Assessment

Measures Used

Clinical Data
Obtained

Psychopathological characteristics

HAD (Hospital Anxiety and Depression Scale)®® (self-reported
questionnaire, good reliability and discriminant validity)®’

Presence and severity of
depression and anxiety

symptoms

MINI (Mini International Neuropsychiatric Interview, good

sensitivity and specificity)”

Screening of psychiatric

and addictive disorders

MIDI (Minnesota Impulsive Disorder Interview, good discriminant
validity)®"'

Screening of comorbid
BAs

WURCS-C (Wender Utah Rating Scale-short version)®? (self-

reported questionnaire, adequate internal consistency)”’®

Retrospective screening
of ADHD during
childhood

ASRS (Adult ADHD Self-Report Scale Symptom Checklist)™
(self-reported questionnaire with a good sensitivity in a substance

use disorder population)”

Presence of ADHD

symptoms in adulthood

Addiction-related characteristics (only for
participants for who the associated section of the
MIDI is positive)

CPGlI (Canadian Problem Gambling Index)®® (self-reported
questionnaire with adequate reliability)

Severity of gambling
disorder

PIUQ-JV (Problematic Internet Use Questionnaire),”” adapted for
videogames (self-reported questionnaire with adequate
psychometric proprieties calculated across nine European

countries)”®

Severity of excessive use

of videogames

SAST-R (Sexual Addiction Screening Test-Revised)”® (self-

. . . . . I
reported questionnaire with an excellent internal consistency)'®

Severity of sexual
addiction

101

EDI-2 (Eating Disorders Inventory-2) = (self-reported

questionnaire with acceptable internal consistency in a binge

eating disorder population)IOZ

Severity of eating
disorders on multiple

aspects

Personality

UPPS-P (Impulsive Behavior Scale)'®® (self-reported questionnaire

with a good internal reliability)'®*

Impulsivity profile

RSES (Rosenberg Self-Esteem Scale)'® (self-reported

questionnaire with acceptable validity and ﬁdelit:y)I06

level of self-esteem

self-
108

TCI-125 (Temperament and Character Inventory)I07 (

reported questionnaire with a good internal consistency)

Temperament and
character profile

TAS-20 (Toronto Alexithymia Scale)'® (self-reported

: RN ACATT
questionnaire)

Alexithymia profile

Table 4 Modalities Proposed for Addiction-Related Pictures

Addiction | Proposed Modalities for Addiction-Related Pictures

GbD Poker, casino, lotteries, sports betting, horse betting

GmD MMORPG (massively-multiplayer online role-playing game), FPS (first person shooter), MOBA (multiplayer online battle area), and
Sandbox and RTS (real-time strategy) together

SA A woman alone, women, a man alone, men, man and woman together

FA Sweet food, salted food or both sweet and salted food

Abbreviations: GbD, gambling disorder; GmD, gaming disorder; SA, sexual addiction; FA, food addiction.

https:
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Difference scores permit an evaluation of visual sustained
attention capacities independent of processing speed abilities.

Stroop Task

This modified version of the Stroop task is used to assess
cognitive inhibitory control related to addiction, as done in
several studies.®®''"'"" As in the original task, the first
three parts include (i) the denomination of colours, (ii) the
reading of words designating colours, and (iii) the designa-
tion of the colour of the ink in which words are
written.'?*'?! In the added emotional part of this modified
version, the participant has to designate the colour of the ink
in which negative, positive, neutral, and addiction-related
words are written. This emotional part assesses the auto-
matic treatment of emotional words and the presence of an
interference bias towards words related to addiction.'®®'¢’
Cue Reactivity

Cue reactivity (ie, arousal and valence processing of sti-
muli) is measured by both subjective and objective
measures.'** All pictures (neutral, positive, negative, and
addiction-related) used for the other tasks (visual dot-probe,
stop-signal, and go-nogo tasks) are presented one by one in
the cue-reactivity task (which is the first computerized task
that includes pictures). The participants simply look at the
pictures, while several physiological indices are recorded to
assess the objective emotional activation produced by pic-
tures. The physiological indices are the inter-beat interval,
skin conductance responses, and electromyography (EMG)
of the corrugator supercilium and the zygomaticus major.
Inter-beat interval and skin conductance measures provide
information about the autonomic nervous system responses
to stimuli and about whether the patients respond to addic-
tion-related pictures differently than emotional or neutral
pictures and control participants. The two EMG electrodes
permit us to distinguish a negative from a positive facial
reaction.'® Afterward, participants subjectively rated the
emotional valence and arousal of each picture, as well as the
level of connection with the object of addiction (sex, gam-
bling, food, or videogame). Each subjective assessment is
performed on a scale ranging from 1 to 5. In addition to
providing a subjective and objective rating of our material,
this task allows us to ensure that the pictures are perceived
as anticipated.

Visual Probe Detection Task (VDP)

This task explores selective attention. A pair of pictures
(one is neutral, and the other one is the cue of interest,
which could be neutral, positive, negative, or addiction-

related) is presented on the screen to the left and right of
a fixation cross.'*® The pictures are then replaced by
a target that appears either to the right or the left of the
fixation cross, and the participant has to detect the target as
quickly as possible. Compared to the d? task, the visual
probe detection task allows the identification of bias of
engagement (congruent condition, with the target appear-
ing at the same position as the cue of interest) and disen-
with  the
appearing at the opposite position of the cue of interest)

gagement (incongruent condition, target
of attention towards emotional and addiction-related

stimuli.

lowa Gambling Task (IGT)

This task is used to evaluate decision making under uncer-
tain conditions and was initially developed to assess
patients with ventromedial prefrontal cortex lesions.**!**
This task is a computerized ecological task, and level of
performance has been associated with the reward system
and inhibitory control abilities.'***'?® The participants are
instructed to choose between 4 possible decks of cards (A,
B, C, and D)."?”:'?® Each decision triggers a monetary gain
but sometimes also a penalty that leads to a net loss. The
level of gain and penalties vary between decks, which
results in two advantageous decks and two disadvanta-
geous decks. Behavioral and physiological responses asso-
ciated with decisions are measured.

Verbal Fluency Tasks

This task assesses spontaneous flexibility, ie, the flow of
available ideas and the ability to generate many answers to
one question by switching from category to category. The
participants provide as many words beginning with the
letter P as possible in two minutes (phonological modality)
without saying the same word twice, without saying two
words from the same family, and without saying a proper
noun.'* The participants do this task a second time, but
they have to provide as many words as possible that
belong to a particular category (here, animals; lexical
modality).

Trail Making Test (TMT)

This task'*° evaluates reactive flexibility, which is the
ability to switch from one set of operating rules to others
and to adapt ways of thinking and acting depending on the
context.'*! This task is a paper-and-pencil task in which
participants must link encircled numbers (from 1 to 25) in
increasing order (TMT-A). In the second part (TMT-B),
the participants need to switch between two operating
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rules by alternately connecting numbers from 1 to 13 and
letters from A to L. In the two parts, the participants must
not lift their pen from the paper and must complete the

task as fast as possible.'*

Modified Wisconsin Card Sorting Test (M-WCST)
This task'®® also assesses reactive flexiblity and rule
deduction. The participants are given a deck of 48 cards
that they have to match with 4 stimulus cards placed in
front of them on the table No information is given to the
participant about how to match the cards, but the experi-
menter gives feedback on whether the match is right or
wrong so that the participant can deduce the correct rule.
Rules change during the task, and the experimenter
informs the participant when this occurs so that the parti-
cipant has to switch the type of matching to find the new
rule.

French Version of the National Adult Reading Test
(fNART)

The fNART measures premorbid intellectual efficiency.'**
It comprises a list of complicated words that do not follow
usual pronunciation rules, and the participants have to read
the list aloud. A good correlation between the English
version of the NART and Wechsler Adult Intelligence
Scale (WAIS-IV) performances, specifically the general
ability index and the verbal comprehension index, has
been shown in the healthy population.'*® This measure
permits us to control for the premorbid intelligence level
of all participants and to take this variable into account as
a confounding factor.

Complex Rey-Osterrieth Figure

This paper-and-pencil task involves a rectangle that sur-
rounds and is surrounded by geometrical forms.'*® The
patients are instructed to copy it, which permits us to
observe visuoconstruction abilities. Moreover, the way
the participant builds his drawing (begins with the central
rectangle, draws it element by element or even stroke by
stroke) is an indicator of organizational strategies'®”!®
and thus planning abilities. The experimenter records the
order in which participants draw the elements, the score of
the copy and time taken to realize the drawing. The tech-
nique of switching colours of the pens every 30 seconds is
not used, as this technique stops participants during their
drawing and distracts them; therefore, a precise measure of
time taken to draw is obtained."?’

Hanoi Tower

Regarding cognitive planning abilities, ie, the capacity
to anticipate and think ahead about the best way to
properly perform a task, the Hanoi test is used to assess
nonverbal planning abilities handled by the frontal
lobe'*” by means of a board with three tubes and five
discs of different sizes. The participants have to put
their board into the same arrangement as shown in the
model (final position disposition). They must use the
minimum number of moves possible, cannot move two
discs at the same time, and cannot put a larger disc on

a smaller one.

Squares (Subtest of the WAIS-IV Scale)

This task assesses visuospatial processing.'*® In this
task, the participant is given 4 to 9 identical cubes
(each of them with two white sides, two red sides, and
two bicolour sides). Then, the experimenter shows the
participant several paper sheets (up to 14), each with the
model to be reproduced by the participant, including
a specific pattern on the top of the cubes. The experi-
menter records scores with and without time bonuses to
observe the impact of speed processing on participant

performance.

Go-Nogo Task

This task permits the assessment of the ability to stop an
automatic stimuli
inhibition).

a button as fast as possible when the go signal is presented

response  induced by

141

(motor
The participants are asked to press
and to not press the button when the nogo signal appears.
The go signals are much more numerous than nogo signals
to maintain the urge to respond. We use an emotional
version of the task,'**'***!%® in which go and nogo signals
include a background with neutral, positive, negative, or

addiction-related pictures.

Single Key Impulsivity Paradigm (SKIP)

This task assesses the tolerance for delayed rewards. The
SKIP task is a “free operant procedure”,'** which means
that the procedure does not include multiple trials with
discrete possible answers. Over the 10 minutes, the parti-
cipants can press a button whenever they want to obtain
points, which are given in proportion to the delay between
consecutive responses (the longer the delay is, the greater

the number of points).
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Mini Social and Cognition and Emotional Assessment
(Mini-SEA)

The mini-SEA'® includes two subtests: the “faux pas”
task and an emotion recognition task.

“Faux Pas” Task

The participants read 10 stories in which they have to
detect if one of the characters made a social mistake by
accident. Five of the 10 stories are distractors, meaning
that there is no social mistake in it. For each story, the
experimenter asks control questions to ensure that the
participant has well understood the situation and other
questions to assess the detection of the mistake.

Emotion Recognition

This task consists of the presentation of 35 pictures of
faces in black and white on a paper sheet. The participants
have to choose which emotions are displayed by the faces
from among seven possible answers (surprise, happiness,
fear, angriness, sadness, neutral, disgust). Reaction times
are not collected, but the participants are instructed to
spontaneously answer with a 12-second maximum.

Stop-Signal Task (SST)

This task assesses the ability to interrupt an already
initiated motor response in a context where automatic
inhibition is unlikely to occur. The participants are asked
to categorize a target (arrow directed to the left or the
right), but in a quarter of the trials, an audio stop signal
occurs with a variable delay, and the participant has to
refrain from responding. We use an emotional version'*®
in which the target includes a background with neutral,

positive, negative, or addiction-related pictures.

Data Management

All included participants are given an identification num-
ber, depending on the group of inclusion. The link between
numbers and the identity of the patients is accessible only
to authorized members and is kept separate from the
research data. This data will be available only to units
involved in this project (Addictology Department of the
CHU of Nantes and the biometry platform from the
University Hospital of Nantes). The data from the compu-
terized tasks are processed with Excel and R programs.
The data from neuropsychological tasks that are not com-
puterized are collected on the case report form. All

collected data are then entered and coded with EpiData
software (EpiData Association, http://www.epidata.dk).

This software is hosted on a hospital server and is there-
fore accessible only to authorized members.

Statistical Analysis
To compare the global level of cognitive functioning of
that patients with that of the HCs, a composite score
will be created based on all the cognitive measures. It
will be computed based on a principal component ana-
lysis performed on all the cognitive measures by
retaining only the principal dimension as a latent vari-
able. For each group of patients, linear models will be
used to compare the composite scores of individuals
with BAs to their matched HCs, including a random
effect on matched patient/HC pairs. Moreover, to iden-
tify which specific cognitive functions are altered in
individuals with BAs, each cognitive measure will be
independently compared between the patients and their
matched HCs. Logistic models (for qualitative out-
comes) and/or linear models (for quantitative out-
comes), including a random effect on matched
patient/HC pairs, will be performed.
To identify specific alterations linked to each BA and to
explore common deficits across different BAs, the compo-
site scores and each cognitive measure will be compared
between each pair of patient groups. Linear models
explaining the composite score and the neurocognitive
scores by the BA group will be performed.

Finally, a multidimensional descriptive analysis (prin-
cipal component analysis) will be performed to investigate
the links

performance.

between clinical data and cognitive test

All the analyses will control for possible confounding
factors that may affect performance in the different cogni-
tive tasks (for example, the premorbid intelligence level,
the history of attention-deficit/hyperactivity disorder or
past substance -use disorders). In the case of a significant
difference between the two groups, confounding factors
will be entered as covariates in the statistical analyses.

In the case of premature cessation of the assessment or
missing data, the missing data will be imputed with
a “worst case” scenario (ie, by replacing the missing data
with the worst value obtained in that participant’s group).
For variables in which 10 to 20% of data are missing,
a sensitivity analysis will be performed by testing other

scenarios (imputation by the mean, multiple imputation,
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etc.). If more than 20% of the data are missing, the data
will not be imputed.

Monitoring
No data monitoring committee is needed because this
research involves only benign risks for the participants.

No unintended effects of the trial are expected.

Discussion

Expected Results and Clinical Implications
This study has several perspectives, both from scientific
and clinical points of view.

From a scientific point of view, the results may provide
new knowledge regarding the cognitive functioning of patients
with BAs and open several areas of research. First, the results
will provide new information regarding common patterns
between different BAs and will contribute to the debate
regarding the inclusion of BAs in the addictive spectrum.
More specifically, this research programme will contribute to
extending the literature regarding underexplored BAs, such as
SA and FA. Indeed, in 2013, GmD was considered in need of
further research before inclusion in the “Substances-related
and addictive disorders” in the DSM-5 and recognition as
a BA in the ICD-11, while GbD was recognized in 2013 in
the DSM-5 and in 2018 in the ICD-11. This gradual inclusion
in international classification systems shows that BAs are
becoming increasingly recognized. FA and SA need further
research to improve their assessment and clarify their
characteristics™'*” before considering their possible inclusion
as addictive disorders in these international classification sys-
tems. Second, the exploration of BAs represents an interesting
model for increasing knowledge on the cognitive alterations
involved in addictive disorders in general. Indeed, as BAs do
not involve the consumption of psychoactive substances, this
research programme will also provide a better understanding
of the cognitive processes that underlic substance-related
addictive disorders.'*® This is because the ingestion of psy-
choactive substances alters neurocognitive functioning and
may influence the evaluation of cognitive mechanisms under-
lying addiction in those with substance use disorders.'*
Finally, this study explores cognitive functions that are still
social and

underexplored, such as

58,59

cognition
metacognition and will provide new results examining
functions that have produced mixed results, such as flexibility
or decision making.>® This will permit a better understanding

of common and specific neurocognitive patterns in several

BAs and improve the understanding of the factors that trigger
and maintain BAs and addictions in general.

From a clinical perspective, several applications may be
considered. First, the inclusion of these BAs in the addictive
spectrum would permit the development of pan-addiction
treatments for both substance-related and other addictive
disorders. Knowledge about the clinical management of sub-
stance use disorders could benefit patients presenting with
BAs."?*"*? For example, molecules already tested for sub-
stance use disorders may also be used for BAs. This is the
case for opioid antagonists such as naltrexone, which was
tested in patients with compulsive sexual behavior™ or
GbD,'3313* or nalmefene, which was tested in patients with
GbD.'> Moreover, a transversal approach would permit
clinicians to not surcharge for multiple therapies and improve
the impact of therapies because of co-occurrences.*' Indeed,
when comparing patients with both an alcohol use disorder
and a BA to patients with only an alcohol use disorder, it
seems that the presence of the BA is linked with increased
craving and impulsivity.'*® Co-occurrences of substance use
disorder and BAs thus seem to impact treatment. Treating
both addictions as a unique entity would permit us to focus
therapy on common underlying processes using, for exam-
ple, motivational interviewing or cognitive therapy, rather
than trying to treat two distinct mental disorders. Second,
increasing knowledge about specific cognitive alterations
could permit the development of new therapies focused on
such deficits. In fact, in the field of addiction, cognitive
remediation therapy has mainly been developed for sub-
stance use disorder, in which it showed the reversibility of
cognitive alterations linked to the ingestion of psychoactive

156,157 158 thera-

substances through top-down and bottom-up
pies. Nevertheless, the impact of these therapies on addictive
behaviors requires further research.'>® Regarding BAs, there
are ongoing cognitive remediation programmes for indivi-
duals with GbD, even if no formal efficacy has been
demonstrated.”'®® Moreover, a programme of cognitive
bias modification showed preliminary positive findings
regarding the diminution of urges and cue reactivity for
those with GmD.'®" However, despite growing evidence
regarding the importance of cognitive functioning in BAs,
further research is needed to better characterize the cognitive
profiles to build specific cognitive remediation programmes.
Finally, it has been shown that cognitive functioning, and
more specifically impulsive decision making, impacts the
efficacy of treatment in individuals with substance use
disorders.'**'> Moreover, research has shown in a group

of GmD patients that the amelioration of clinical symptoms
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seems to be accompanied by improvements in neurocogni-
tive functioning after six months of outpatient treatment.'®®
Thus, these studies show the importance of taking cognitive
functioning into account when trying to understand and treat

addictive mechanisms.*

Limits

There are several eligibility criteria that do not permit the
inclusion of all patients in our service. Therefore, this study
will last at least two years, but it will permit us to reduce bias
linked to confounding factors such as psychiatric comorbid-
ities and to observe the neuropsychological profile linked to
a particular BA. Moreover, this study is exploratory and will
need to be replicated by others to confirm the results. Finally,
this
a longitudinal design would have provided more information.

study adopts a cross-sectional design, while
Indeed, this latter type of study would have permitted an
assessment of changes in assess cognitive functioning in
connection with relapses or abstinence or the impact of the
level of cognitive functioning on treatment. Nevertheless,
characterizing the cognitive profile at the beginning of treat-
ment may permit the assessment of outstanding features
specific to BAs that can be assessed longitudinally in sub-
sequent studies to assess the links between cognition and

BAs throughout treatment, relapse or abstinence.

Dissemination Policy

The results of this study will be communicated to participants
(collective results) and to the scientific community by means
of oral communications, scientific articles, and a Ph.D. thesis.
All research employees involved in the study may commu-
nicate about this research. Scientific articles may be edited by
professionals for issues related to the English language.

Data Sharing Statement

The datasets generated and/or analysed during the current
study will not be publicly available due the presence of
private and medical data but will be available from the
corresponding author on reasonable request.

Ethics Approval and Consent to

Participate

This research programme is conducted following Good
Clinical Practice Guidelines and the Declaration of
Helsinki, with approval from the French national ethics
committee (Comité de Protection des Personnes; CPP

OUEST III for BANCO and SUD-EST VI for BANCO?2).

All participants provided written informed consent collected
by investigators. An amount of €75 is given to compensate
for the travel costs incurred for the research visit.
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