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Contemporary literature and recent classification systems have expanded the field of addictions to include
problematic behaviours such as gambling and sexual addiction. However, conceptualisation of behavioural
addictions is poorly understood and gender-based differences have emerged in relation to how these behaviours
are expressed. The current research conducted partial-correlation and Bayesian network analyses to assess the
symptomatic structure of gambling disorder and sexual addiction. Convenience community sampling recruited
937 adults aged 18 to 64 years (315 females, Myge = 30.02; 622 males, Mage = 29.46). Symptoms of problematic
behaviours were measured using the Online Gambling Disorder Questionnaire (OGDQ) and the Bergen Yale Sex
Addiction Scale (BYSAS). Results indicate distinct gender-based differences in the symptom networks of sexual
addiction and gambling disorder, with a more complex network observed amongst men for both conditions.
Addiction salience, withdrawal and dishonesty/deception were important components of the addictive network.
Interpersonal conflict was more central for women while intrapsychic conflict a more prominent issue for men.
Differences in the two symptom networks indicate separate disorders as opposed to a single underlying construct.
Treating practitioners and community initiatives aimed at addressing sexual addiction and disordered gambling

should consider gender, when designing educational or therapeutic interventions.

1. Introduction

Addiction is a pattern of repetitive engagement in a behaviour, with
diminished capacity to reduce or control participation, leading to sig-
nificant functional impairment or distress (Grant et al., 2010; Hakami
et al., 2021). While addiction to psychoactive substances has long been
established, behaviour-based addictions have been acknowledged by the
Diagnostic and Statistical Manual of Mental Disorders (DSM; American
Psychiatric Association, 2013) since only the fifth edition. However,
taxonomy and aetiology of so called ‘behavioural addictions’ are poorly
understood, resulting in controversy and debate regarding applicable
theoretical models. For example, Petry et al. (2018) explains that while
formal diagnosis of behavioural forms of addiction aids in prevention,
treatment, and a reduction in morbidity, the fine line between habit
formation, neurobiological abnormality, and potential minimisation of
pronounced mental disorders such as schizophrenia is questionable, due
to the poor introduction of behavioural addiction constructs. Therefore,
some scholars have legitimately expressed concerns regarding

over-pathologizing common, everyday behaviours (Billieux et al., 2015;
Kardefelt-Winther et al., 2017), while others argue the merits of
addiction being viewed as a specific brain disease (Pickard et al., 2015;
Valkow and Koob, 2015; West and Brown, 2013). Meanwhile, the syn-
drome model of addiction (Shaffer et al., 2004, 2018) suggests the
specific object of desire (i. e. the internet in the online addictions) is
merely a manifestation of an underlying addictive disease (Gomez et al.,
2022). The latter theory may help explain frequent co-occurrence of
addictive disorders, or the phenomenon of cross-addiction, where one
form of addiction is substituted with another (i.e. addiction hopping;
Zarate et al., 2022). Indeed, cross-addiction occurs frequently when in
recovery, or if access to the original addictive substance or behaviour is
otherwise restricted (Carnes et al., 2004; Weiss, 2018).

According to Griffiths (2005), the following six components are (or
should be) shared by all behaviours considered addictions: salience - the
activity dominates the individual’s thoughts, such that engaging in the
behaviour becomes the most important activity in the individual’s life;
mood modification - the subjective experience of engagement in the
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activity, often referred to as a ‘buzz’ or ‘high’; tolerance - where the
individual needs to use more or spend more time engaged in the activity
to receive the same feeling (e.g. gratification initially and reduced
negative feelings later on; Gomez et al., 2022); withdrawal - unpleasant
feeling state or physiological effect when the behaviour is suddenly
stopped or reduced; conflict - interpersonal or intrapsychic conflict
related to engagement in the activity; and relapse - returning to previous
patterns of engagement after a period of abstinence, despite often
consciously aiming the opposite. While these components are observed
across the spectrum of addictive disorder(s), both behavioural and
substance-based, the study of non-substance-based addictions provides
opportunity to better understand issues related to addictive psycholog-
ical processes, in isolation of the direct physical effect substances have
on neurological structure and functioning (Petry, 2015). To address this
recommendation, the present study will emphasize the links between
gambling disorder (i. e. a formally recognised addiction type) and sexual
addiction (a proposed, yet still debated type; Zarate et al., 2022).

1.1. Gambling disorder

Excessive gambling as a psychological phenomenon was first
described in literature in 1914, attributed at the time to psychosexual
and Oedipal conflicts (von Hattinger, as cited in Hunt and Blaszczynski,
2019). Prior to the current classification of gambling disorder (GD) as
addiction, third and fourth editions of the DSM categorised ‘pathological
gambling’ as an impulse control disorder. As understanding and
conceptualization of GD has evolved, a multitude of screening tools have
been developed, each emphasizing different behavioural components of
the disorder (e.g. mood modification, withdrawal, functional impair-
ment), varying the criteria for the determination of disordered gambling
behaviour (Hodgins et al., 2011). Moreover, while the terminology
‘problem gambling’ and ‘gambling disorder’ are often used inter-
changeably within literature, discrimination should be made between
the clinically symptomatic nature of gambling disorder as an addiction,
versus the subjective judgement of harm described by the concept of
problem gambling (Hunt and Blaszczynski, 2019). Nonetheless, a recent
systematic review indicates the prevalence of disordered gambling
globally to fall between 0.4 and 5.8% dependent upon geographic
location and measurements used to assess disordered behaviour (higher
prevalence generally noted in North American, Asian and African na-
tions; Calado and Griffiths, 2016). The diversity of the prevalence rates
reported should of course be viewed in relation to the methodological
variations, the discrepancies and the deficits of the measurements
employed (Otto et al., 2020). Taking these into consideration, it is un-
derstood that three to four times as many people experience problems at
a sub-clinical level (Abbott, 2020), while more than one third of people
experiencing problems with gambling indicate a high state of distress
(Rockloff et al., 2020).

1.2. Sexual addiction

As with the evolution of GD, many labels have been used to describe
excessive and problematic sexual behaviour including sex addiction,
hypersexuality, sexual impulsivity, and sexual compulsivity to name a
few (Zarate et al., 2023). Within this context, and while earlier versions
of the DSM validated sexual addiction as a sexual disorder, the fourth
edition removed the term ‘addiction’ due to a lack of empirical research
and consensus in how to best conceptualise the behaviour (Kafka, 2010).
While contention exists whether hypersexual behaviour is more accu-
rately categorised as a disorder of impulse control or a compulsive
behaviour (Kor et al., 2013; Walton et al., 2017), the concept of addic-
tion includes a behavioural pattern with capacity to incorporate either,
or both, compulsive and impulsive urges, (Giugliano, 2009). Neverthe-
less, other studies argue that: a) an addiction tends to be pleasure
seeking, at least when it starts, in contrast with compulsive behaviours,
which are harm/distress avoidant and; b) impulse control and
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compulsive disorders are ego-dystonic, while addictions can be initially
ego-syntonic (Stavropoulos et al., 2016). Within the context of such
discussions in the literature, recent changes to the International Statis-
tical Classification of Diseases and Related Health Problems (11th ed.;
ICD-11; World Health Organisation, 2019) include compulsive sexual
behaviour disorder as an impulse control disorder, reflecting a rather
conservative categorisation while still acknowledging problematic hy-
persexual behaviour (Kraus et al., 2018). Although the ICD-11 stops
short of describing the disorder as an addiction per se, described char-
acteristics tend to align with those of addictive disorder as defined in the
DSM-V.

Such inconsistent terminology and classification may enhance stig-
matisation of population groups at higher risk for disordered sexual
behaviour (e. g. same-sex orientated males; Jaspal and Jaspal, 2019).
Since diagnostic criteria remain uncertain, and unanimously accepted
information cannot be disseminated to the public to improve awareness
or understanding, it is likely that instead of acknowledging the behav-
iour as a condition, this may be misinterpreted as a manifestation
indicative of a specific group (Hall, 2014; Lindsay et al., 2020). This
could hamper the development of evidence-based intervention (King-
ston and Firestone, 2008), whilst resulting in inconsistent measurement
of the effected populations, with prevalence reported to fall anywhere
between 3 and 10%, largely dependent upon criteria used to assess
disorder, and the populations assessed (Brewer and Tidy, 2017). Despite
this, contemporary neurobiological and neuropsychological findings
support that excessive sexual behaviour falls within the bounds of
addictive disorder (Carnes and Love, 2017). Moreover, progression
often conforms to the addictive cycle, with successful treatment relying
upon addiction-based modalities (Garcia and Thibaut, 2010; Rosenberg
et al., 2014). As such, the current study will incorporate the various
labels and operationalise such behaviour through the lens of behav-
ioural addiction.

1.3. Sex, gambling and gender

Evidence suggests sexual addiction (henceforth SA) and GD share
similar psychological and biological processes (Rosenberg et al., 2014),
including reward system activation (Fujiwara et al., 2022). Links have
been demonstrated by the onset of hypersexual behaviour and disor-
dered gambling reported amongst Parkinson’s patients treated with
dopamine agonists (Bostwick et al., 2009). Furthermore, performance
on the Iowa Gambling Task suggests a particular propensity for
risk-taking amongst hypersexual men (Mulhauser et al., 2014). Indeed,
similarities between SA and GD have been reported elsewhere relating
to risk-taking and personality domains such as sensation seeking (Farre
et al., 2015; Zuckerman, 2007), history of childhood trauma or neglect
(Miller, 2010) and higher rates of suicidal ideation and attempt, when
compared to other forms of addiction (Valenciano-Mendoza et al.,
2021). Moreover, comorbidity between GD and SA has been reported to
fall between 9.4% and 30.9% (Derbyshire and Grant, 2015), with Grant
and Steinberg (2005) reporting disordered sexual behaviours manifest-
ing prior to gambling problems in 70% of individuals meeting criteria
for both.

Although GD and SA share similarities, symptomology and predis-
posing factors appear differently for men and women. For example,
higher prevalence has been reported amongst men for SA (Oberg et al.,
2017), GD (Merkouris et al., 2016) as well as co-occurrence of both
disorders (Grant and Steinberg, 2005). Indicatively, concerning GD,
gender differences have been reported in relation to betting preferences;
men tend to prefer games perceived as skilful such as poker or
sports-betting; women prefer games of chance, such as lotteries and
poker machines (Baggio et al., 2018). Amongst gamblers, gender dif-
ferences have been observed in neurocognitive domains such as atten-
tional bias (Mallorqui-Bague et al., 2021), explaining why men are more
likely to respond to gambling-related stimuli (Zakiniaeiz and Potenza,
2018). Moreover, men report more frequent comorbidity with substance
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use disorders (Merkouris et al., 2016). Conversely, telescoping - a phe-
nomenon where the activity is engaged later in life, with levels of
engagement rapidly becoming disordered - is more common amongst
women (Merkouris et al., 2016; Zakiniaeiz and Potenza, 2018). In that
line, some argue that men tend to be at higher risk across the addictive
spectrum, except maybe addictions related to food, partially due to
gender specific socialization practices, which discourage them from
expressing their feelings as indicative of being less maculine, thus
pushing them to addiction-induced mood-modification (Stavropoulos
et al., 2013). For individuals afflicted with SA, gender differences have
been observed relating to comorbid psychopathologies including ADHD,
depression and anxiety (Kiirbitz and Briken, 2021), as well as person-
ality traits (Slutske et al., 2013), with males displaying higher levels of
neuroticism (Shimoni et al., 2018). Additionally, men are reported to
engage more frequently with pornography and masturbation than
women, who are more likely to exclusively seek physical sexual en-
counters with higher numbers of opposite sex partners (Brewer and
Tidy, 2017; Obcrg et al., 2017). Given the relationship between SA and
GD, together with gendered differences in how these behaviours mani-
fest, deeper understanding of the symptomatic network is warranted.
Adding to insight already provided by studies which assess comorbidity
at the construct level, network perspectives may inform strategies for
earlier detection and more effective, gender-specific treatment of one or
both disorders.

1.4. Network analysis and the Bayesian network model

As opposed to latent construct models, network theory in psycho-
pathology is grounded in the idea that interactions amongst symptoms
or elements give rise to episodes of mental disorder (McNally, 2021).
Network analysis explores the relationships between symptoms of a
disorder, attempting to identify specific relationships which act to sus-
tain or maintain the given disorder, or create ‘bridges’ between co-
morbid conditions (Borsboom, 2017). Network graphs consist of nodes,
representing the symptom or scale item being measured; and edges,
which represent the statistical relationship between the nodes. Identi-
fication of symptoms which are central provides better understanding of
psychopathological conditions, also offering insight towards targeted
intervention and prevention strategies (Fried et al., 2017). However,
identifying central symptoms is not enough as we do not understand
whether those symptoms are more likely to activate, or be activated by
other symptoms in the network (McNally, 2021).

While partial correlation networks reveal the joint probability dis-
tribution amongst nodes (Borsboom et al., 2021), Bayesian networks are
probabilistic models which predict the direction and magnitude of re-
lationships between nodes in the network (Briganti et al., 2021). Where
a relationship exists between two nodes, a directed acyclic graph (DAG)
demonstrates whether symptom A is more likely to activate symptom B
or vice versa. A DAG highlights the conditional dependence of two nodes
in a network indicating that the presence of a descendant node is more
likely given the presence of a parent node (McNally et al., 2022). Where
nodes are separated by other nodes within the DAG, this indicates they
are independent in probability after controlling for other symptoms or
variables within the network (Briganti et al., 2021). Partial correlation
and Bayesian network approaches complement each other, providing
different perspectives on relationships between symptoms of mental
disorders, not dissimilar to the way in which the mean and median
provide separate characterisations of central tendency (McNally et al.,
2022).

1.5. Research aim

Previous research has explored comorbidity and gender differences
of SA and GD, however little research has investigated these disorders
from a symptom network perspective. Only one study has analysed the
network structure in relation to gambling and gender differences
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(Baggio et al., 2018). However, the screening tool used to assess the
symptoms of gambling, the Problem Gambling Severity Index, is
designed to measure difficulties related to problem gambling, such as
social and financial implications; it falls short in assessing gambling as a
pathological construct or addiction per se (Petry, 2015). Given the as-
sociation between GD and SA, together with gender-based expressions of
disorder, the current study aimed to analyse the network structure and
centrally positioned symptoms of both GD and SA as they relate to
gender. Additionally, the study will report, by way of DAGs, the most
probable direction of symptom activation. Identification of central
symptoms and activation sequences within these symptom networks
adds to theoretical understanding of behavioural addiction, and may
inform effective and targeted intervention strategies by practitioners in
the field of addiction treatment.

2. Method
2.1. Participants

Participants were recruited by way of convenience sampling through
links placed on social media, online forums and Victoria University, and
Australian Psychological Society websites. Voluntary participation was
open to English speaking adults in the general community. Participants
were provided a plain language information statement outlining the
nature of the study prior to digitally obtaining consent. Participants
completed a battery of self-report measures including the measures
described below, as well as demographic information. Data were
captured using Qualtrics (2022) and all participant identifying infor-
mation (e.g. IP address) was excluded to ensure privacy.

The initial sample included responses from 968 adults, however,
considering the focus of this study, 31 participants who identified as
gender diverse were excluded from the final analysis. A total of 937
participants were included in the final sample. Participants were aged
18 to 64 years (M = 29.65, SD = 9.45), consisting of 315 females (33.6%;
Mage = 30.02, SD = 10.39) and 622 males (66.4%; Mage = 29.46, SD =
8.93). The majority of participants identified as white (61.2%). Most
participants had completed high school or above (88.4%) with the
majority having completed at least some tertiary education (62.8%).
Collectively, almost half of participants were engaged in either full-time
employment (34.6%) or study (14.4%), while 19.2% reported they were
unemployed. Full descriptive data is included in Supplementary Table 1.

2.2. Materials

2.2.1. Online gambling disorder questionnaire (OGD-Q)

As understanding and classification of GD has evolved, elements
within screening tools have measured the construct in various ways
(Petry, 2015). The Online Gambling Disorder Questionnaire (OGD-Q;
Gonzalez-Cabrera et al., 2020) was used to assess risk of GD since it is a
recent measure, most closely aligned with diagnostic criteria of GD as
currently described by the DSM-V (Montiel et al., 2021). The OGD-Q
consists of 11 items (for example, “do you feel nervous, irritated, or
angry when trying to reduce or stop gambling?”) measured on a
five-point Likert scale (1 = never, 5 = every day). Higher scores indicate
increased risk of GD. GD is endorsed if a person scores on four or more
items for a twelve-month duration. Within the current sample, the in-
strument demonstrated excellent internal consistency (Cronbach’s « -
0.95; McDonald’s ® = 0.96).

2.2.2. Bergen Yale sex addiction scale (BYSAS)

The Bergen-Yale Sex Addiction Scale (BYSAS; Andreassen et al.,
2018) was utilised as a measure of SA within the current study. The
BYSAS consists of six items (such as “used sex/masturbation to for-
get/escape personal problems”) on a five-point Likert scale (0 = very
rarely, 4 = very often). Higher composite scores indicate a higher risk of
SA, with endorsement of SA reliant upon scoring three or higher on at
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least three scale items. Within the current sample, the instrument
demonstrated good internal consistency (Cronbach’s « = 0.83; McDo-
nald’s = 0.89).

Items contained within both scales endorse Griffith’s (2005) six
components of addiction (i.e. salience, mood modification, tolerance,
withdrawal, conflict, and relapse). Table 1 displays scale items and the
associated component under Griffiths’ model.

2.3. Procedure

All statistical analyses and graphical outputs were generated using R
Studio (R Core Team, 2022). The Powerly package for R (Constantin
et al., 2021) was used to determine the recommended sample size with
acceptable statistical power for a Gaussian graphical model with 17
nodes (n = 309, 95% CI = 298-319, 1-p = 0.8, sensitivity = 0.6). Data
were screened (MCAR = 0.12%) and Predictive Mean Matching (PMM)
with 50 iterations was used to impute data for missing values using the
mice package in R (Van Buuren and Groothuis-Oudshoorn, 2011).

2.3.1. Non-directed partial correlation network

The first stage of analysis followed the structure outlined by
Epskamp et al. (2018) and involved calculating a Gaussian graphical
model to estimate and evaluate the network using the bootnet package in
R (Epskamp and Fried, 2015). Least Absolute Shrinkage and Selection
Operator (LASSO) regularisation method was used employing Extended
Bayesian Information Criterion (EBIC). This process reduces the likeli-
hood of reporting false edges by estimating a sparse network and
reducing trivial coefficients to exactly zero (Tibshirani, 1996). Higher
centrality values suggest the importance of the symptom in the overall
network with strength centrality and expected influence of particular
relevance to psychological networks (McNally et al., 2022). Bridge
centrality refers to the importance of the node in activating symptoms
across disorders. Stability of centrality indices were assessed by case--
dropping subset bootstrapping in which the Correlation Stability Coeffi-
cient should not fall below 0.25, ideally remaining above 0.5 (Epskamp
et al., 2018). The resulting network and centrality indices were plotted
using the qgraph package in R (Epskamp et al., 2012). Invariance be-
tween male and female network structure and global strength was
assessed using random permutation testing via the network comparison
test package in R (van Borkulo et al., 2022).

2.3.2. Bayesian network (directed acyclic graph)

The second stage of analysis involved learning the Bayesian network
structure in order to produce a DAG representing directional probability
of relationships within the network model. This was accomplished
following the Bayesian network modelling procedures recommended by
Briganti et al. (2021), utilising the bnlearn package in R (Scutari, 2010).
A hill climbing algorithm computed goodness of fit by adding and
removing edges and calculating scores based on Bayesian Information
Criterion (BIC). Edges which appear more frequently between nodes are
assigned greater scores for strength and directional probability.
Non-parametric bootstrapping computed 5000 iterations to obtain a
stable network structure, the network was then averaged while retaining
only the relationships appearing in 85% of the models produced.
Although statisticians have devised more sensitive methods for retaining
edges (Nagarajan et al., 2013; Scutari, 2010), a significance threshold of
0.85 results in a sparser network, depicting only the most legitimate
edges in the model (Briganti et al., 2021; McNally et al., 2017). The final
DAG depicts the directional probability where direction of the rela-
tionship between the nodes was determined to occur in more than 50%
of cases sampled. Graphic visualisations were produced using the
package bnviewer (Fernandes, 2019).
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Table 1
- Scale item descriptions and associated component as related to Griffiths’
(2005) component model of behavioural addiction.

Node/ Scale Item Associated Brief description

Item Component”

number

BYSAS items

S1 Spent a lot of time thinking Salience Spend time
about sex/masturbation or thinking about sex
planned sex

S2 Felt an urge to masturbate/ Tolerance Increased sexual
have sex more and more urges

S3 Used sex/masturbation in Mood Use sex to escape
order to forget/escape from modification
personal problems

S4 Tried to cut down on sex/ Relapse Unsuccessful
masturbation without attempts to reduce
success

S5 Become restless or troubled Withdrawal Restless or troubled
if you have been prohibited if prohibited
from sex/masturbation

S6 Had so much sex that it has Conflict Sex has negative
had a negative impact on impact on life
your private relationship,
economy, health and/or
job/studies

OGD-Q items

Gl Do you feel the need to Tolerance Gamble more
spend more and more money to achieve
money to get the high you same high
desire?

G2 Do you feel nervous, Withdrawal Irritated or angry
irritated or angry when when trying to
trying to reduce or stop reduce
gambling?

G3 Have you tried to control, Conflict: Unsuccessful
reduce or stop gamblingand  Intrapsychic” attempts to reduce
have not been able to do so?

G4 Have you ever felt that Conflict: Continue despite
gambling has had negative interpersonal negative
consequences at a personal, consequences
social, family, or academic/
work level, and you have
still continued to gamble?

G5 Do you often think about Salience Spend time
gambling, for example, thinking about
remembering past bets, gambling

planning your next bets,
thinking about ways to
make more money
gambling, reliving some
moments related to
gambling, etc.?

G6 Do you bet or gamble when =~ Mood
you feel sad, anxious, or modification
guilty, in order to feel better
or to stop thinking about
how you feel?

G7 Do you feel like you have
little control over gambling
(e.g., gambling more than
you would like, spending
more money than you would
like, gambling in places
where you shouldn’t do
that, not being able to stop
gambling when you want
to)?

G8 After losing money on a bet
or in gambling, do you
usually gamble again to try
to get that money back?

G9 Do you lie to others to
conceal how much time you
gamble or how much you
actually spend on gambling?

Use gambling to
escape

Have little control
over gambling

Conflict:
Intrapsychic

Gambling® Chasing losses

Gambling"

Lie about gambling

(continued on next page)
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Table 1 (continued)

Node/ Scale Item Associated Brief description
Item Component”
number
G10 Have you ever asked Gambling® Borrow money due
someone for money to to gambling
improve or overcome the
bad economic situation that
gambling has caused you?
G11 Have you felt that you Salience Prioritise gambling

prioritized gambling over
other areas of your life that
had been more important
before (e.g., studying,
hanging out with friends,
sleeping less if you gamble
at night, etc.)?

over other aspects
of life

2 Component as associated with Griffith’s component model of addiction
(2005).

b Although labelled under Conflict, this item is identical in nature to the item
for relapse as included in the BYSAS.

¢ Item is specific to gambling disorder and does not fit criteria for Griffiths’
model.

3. Results
3.1. Partial correlation networks — Gaussian graphical model

Case-dropping subset bootstrap assessed stability of the estimated
network indicating a high level of correlation between bootstrap sam-
ples and original values. The CS coefficient for strength was observed at
0.59 and for expected influence at 0.67. Results are displayed in Fig. 1.
Network comparison tests confirmed invariance between male and fe-
male network structure (M = 0.26, p=.48) and invariant global strength
(S = 0.02, p=.93).

Networks for GD and SA are displayed separately for male and fe-
male participants in Fig. 2a and Fig. 2b respectively. Of 136 possible
edges, the male network displayed 73 non-zero edges, while 58 were
observed for the female network. The vast majority of relationships were
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positive. The clustering of nodes suggests that SA and GD are distinct
constructs, however connection between the nodes of each disorder
appear differently for the male and female subgroups.

The strongest edge weights for both genders appear between time
spent thinking about sex (S1) and increased sexual urges (S2). Table 2
displays the top ten ranking edge weights across the network. Not sur-
prisingly, edge weights were strongest within rather than between dis-
orders. All edge weights between disorders were small in magnitude, the
largest coefficient observed at 0.14 between G11 and S6, a relationship
observed only within the female network model. A full edge weight
correlation matrix is included in Supplementary materials. Complete
network output is included in Supplementary materials 2.

Fig. 3a displays centrality plots by gender. Increased sexual urges
(S2) and becoming irritated when reducing gambling (G2) were prom-
inent across both networks, with gambling despite negative conse-
quences (G4) displaying the strongest number of connections in females,
whereas using gambling to escape (G6) was a more central feature
within the male network. Clear distinctions emerged between centrality
metrics across genders for gambling more to experience the same high
(G1), gamble despite negative consequences (G4), and unsuccessful at-
tempts to reduce sex (S4). Nodes acting to bridge the two disorders also
appeared differently for males and females as highlighted in Fig. 3b.
Tables displaying centrality indices are included in Supplementary
Materials.

3.2. Directed acyclic graph (Bayesian approach)

DAGs highlighting directional relationships between symptoms of SA
and GD are displayed in Fig. 4a and 4b for male and female networks
respectively. With significance threshold set at 0.85, there is no
observable relationship between disorders for either the male or the
female network. A greater number of influential relationships were
found in the male network displaying 23 directed arcs, whereas 14 arcs
were observed within the female network. Interestingly, sexual relapse
(S4) was observed to lead to sexual withdrawal (S5) within the female
network (Strength (S) > 0.99, Direction (D) = 0.93), however this
relationship was reversed in the male network (S > 0.99, D = 0.59).
Table 3 presents estimated strength and direction of relationships

expectedinfluence =+ strength

\
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©
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Fig. 1. Case-dropping subset bootstrap. Results indicate correlation between bootstrapped data and original observations for strength and expected influence as cases

are progressively dropped from the sample.
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BYSAS

$1: Time thinking about sex

S2: Increased sexual urges

S3: Used sex to escape

S4: Unsuccessfully reduce sex

S5: Troubled if prohibited from sex
S6: Sex has negative impact on life

OoGD

G1: Gamble more to achieve same high
G2: Irritated when gambling reduced
G3: Unsuccessfully reduce gambling
G4: Gamble despite consequences
G5: Time thinking about gambling
G6: Use gambling to escape

G7: Little control over gambling

G8: Chasing losses

G9: Lie about gambling

G10: Borrow money due to gambling
G11: Prioritise gambling
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Fig. 2. a. Male partial correlation network displaying symptoms of gambling disorder and sex addiction. b. Female partial correlation network displaying symptoms

of gambling disorder and sex addiction.
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Table 2
Top ten edge weights across male and female networks of sex addiction and
gambling disorder.

Top 10 edge weights — Female network Top 10 edge weights — Male network

Edge between Tpartial Edge between Tpartial
S1 S2 .60 S1 S2 .59
G10 G11 41 G5 G8 .32
S4 S5 .37 G10 G11 .31
G9 G11 .34 S4 S5 .25
G2 G4 .31 G3 G4 .25
Gl G2 .30 G3 G9 .23
G3 G4 .30 S2 S3 .21
G5 G6 27 S5 S6 .19
S2 S3 .26 Gl G2 .19
G7 G9 .25 G2 G7 .19

between male and female networks. Supplementary Material 3 includes
complete Bayesian network output.

4. Discussion

The present study is the first of its kind aiming to analyse the network
structure of relationships between symptoms of SA and GD as they
related to gender, in a large, normative, community sample. The study
further pioneered in aiming to analyse the probable direction of re-
lationships observed within the SA-GD network, in an attempt to un-
derstand symptom activation sequences of these two forms of
behavioural addiction(s). To the authors’ knowledge, this is the first
study to assess the specific network structure of GD and SA together, and
to employ an advanced Directed Acyclic Graph Bayesian Network to: a)

A
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analyse symptomatic relationships amongst these disorders, whilst
taking into consideration one’s gender; and b) investigate directional
relationships between self-report measures of SA and GD within the
general population. Findings generate significant new knowledge
regarding the links between SA and GD symptoms, which generate
potentially significant practice implications.

4.1. Sexual and gambling addictions

While some overlap occurred between symptoms of SA and GD
within the partial correlation network, edge weight coefficients were
weak, and network structures revealed the two disorders are indeed
distinct constructs. This was reaffirmed by Bayesian modelling in which
no relationship was observed between symptoms of the two disorders
utilising conservative thresholds (relationships detected in at least 85%
of observations). These results suggest that GD and SA are contingent
upon symptomatic relationships unique to the behaviour of concern,
rather than forming different behavioural manifestations of the same
underlying construct (i.e. general addictive inclinations). These findings
seem at odds with a syndromic model of addiction which hypothesises a
singular addiction with various chemical and behavioural expressions
(Grant et al., 2012; Shaffer et al., 2004, 2018; Gomez et al., 2022).
Moreover, these findings reinforce the importance of properly under-
standing the symptomatic structure of distinct types of addiction(s), as
well as legitimate inclusion criteria for the categorisation of behavioural
addiction, in order to avoid a false widening of the addictive spectrum
(Billieux et al., 2015; Kardefelt-Winther et al., 2017; Zarate et al., 2022).

Expectedinfluence Strength Bridge expect inf Bridge strength
s6- s6-
S5+ S5-
S4- S4-
S3- S3-
S2- S2-
S1- S1-
G9- G9-
G8 - Gender G8-
G7- Females G7-
G6 - == Males G6 -
G5- G5-
G4 - G4 -
G3- Ga-
G2- G2-

G11- 311 -
G10- 310-
G1- G1-

2 -1 0 1 2

2 -1 0 1 2

Fig. 3. a. Centrality metrics for the network depicting standardised measures for strength and expected influence separated by gender. b. Centrality metrics for
bridge symptoms within the network depicting standardised measures for strength and expected influence separated by gender.
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&

Fig. 4. a. Directed Acyclic Graph (DAG) representing directed relationships between gambling and sex addiction with threshold set at 0.85 for males. b. Directed
Acyclic Graph (DAG) representing directed relationships between gambling and sex addiction with threshold set at 0.85 for females.

4.2. Interrelationships between symptoms and the role of gender

Differences were observed between male and female networks in
terms of network sparsity and specific relationships considering symp-
toms of SA and GD. Overall, females displayed sparser relationships for
both partial correlation and Bayesian network models considering both
disorders. However, for men, a more complex symptom network acts to
sustain both SA and GD. These findings may shed light onto the higher
prevalence of both disorders reported amongst men (Grant and Stein-
berg, 2005; Merkouris et al., 2016; Oberg et al., 2017). Alternatively, a
simplified network structure may explain why women are observed to
move through the various stages of addiction, from first exposure to
dependence, more quickly than men (Becker and Koob, 2016). More-
over, Becker et al. (2016) report that women are more susceptible to
relapse and addictive engagement following stress related cues, partic-
ularly when there is a history of trauma, while men are more susceptible
to stimuli-related cues such as imagery or paraphernalia. Speed of de-
pendency and stress-related engagement in females have been replicated
in animal studies of substance addiction, indicating differences in
addictive tendency between men and women may be based in both
biology as well as psychosocial factors (Becker and Koob, 2016; Becker
et al., 2016).

Time spent thinking about sex (i.e. salience) led to increased sexual
urges (i.e. tolerance) across both genders and this represented the
strongest edge weight observed within the partial correlation model.
However, no direct link was established between salient features of
gambling and gambling tolerance. In development of the BYSAS,
Andreassen et al. (2018) identified local dependence between these two
scale items which may explain the strength of relationships detected.

Subjective appraisal of these scale items might result in similar re-
sponses amongst participants, if increased time spent thinking about sex
is interpreted as synonymous with increased urges to have sex. More-
over, more frequent desires for sexual activity do not necessarily indi-
cate an increase in intensity of sexual behaviour. Interestingly, increased
sexual urges led to using sex to escape from personal problems, resulting
in an inability to reduce sexual behaviour across both genders.

Strong relationships were observed between borrowing money and
prioritising gambling over other life aspects/domains, however the
directional probability was only marginally in favour of borrowing
money as the parent node. A further similarity between men and women
suggests that gambling tolerance was an end result of using gambling to
escape, as well as experiences of gambling withdrawal. Griffiths (1993)
first associated tolerance with increased excitement in gamblers by
comparing heart rates of regular and non-regular gamblers. Alternative
views suggest that increased bet sizes could be more closely associated
with chasing losses as a behavioural strategy to recover from gambling
debts (Blazzczynski et al., 2008; Lee et al., 2020). The current study
found very little association between tolerance and chasing losses and
suggests that tolerance is more closely associated with mood modifica-
tion. However, chasing losses resulted from addiction salience amongst
men, chasing losses was also observed to follow from deception about
gambling behaviour. Moreover, women were more likely to perceive a
lack of control over gambling or prioritise gambling over other aspects
of life following dishonesty about their gambling behaviour. Lying to
conceal gambling behaviour causes significant harm to marital and
interpersonal relationships of gambling addicts (Hunt and Blaszczynski,
2019); Dabrowska and Wieczorek (2020) suggest that this dishonesty
may result from internalised stigma. Sociocultural factors may well
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Fig. 4. (continued).

contribute to higher stigmatisation of women experiencing problems
with addiction or engagement with addictive-type behaviour (Becker
et al., 2016), explaining why women were observed to use dishonesty in
relation to gambling prior to experiencing a lack of control. Nonetheless,
the current study supports links between dishonesty and intrapsychic
conflict, suggesting direct connection with an inability to control
gambling behaviour, resulting in the reinforcement of addiction
salience. Moreover, some men may chase losses in an attempt to cover
up dishonesty about gambling engagement. While deception was not
emphasized in the context of SA, the current study indicates that
deception is a central feature of the addictive cycle amongst gamblers, a
feature which acts to reinforce addictive salience and perceived control
over behaviour.

Withdrawal was a further component presenting unique relation-
ships with symptoms of each disorder dependent upon gender. While
withdrawal led to an increased tolerance for gambling across both
genders, women were found to continue gambling despite negative
consequences to personal, social and familial relationships when with-
drawal was present. For men, withdrawal led to a lack of control over
gambling behaviour. These findings highlight that in relation to GD,
withdrawal is more likely to result in interpersonal conflict for women,
and intrapsychic conflict for men. This subtle nuance might be relevant
when providing support or therapeutic modalities aimed at dealing with
withdrawal. For instance, men may benefit from an approach aimed
more exclusively at improving control and decision making related to
their gambling behaviour, while women may need additional support in
restoring or improving interpersonal relationships to avoid continued
gambling as a form of escape. In relation to SA, withdrawal was pre-
supposed by symptoms associated with salience and relapse for women,

showing no further influence on other symptoms. The male network
displayed a more complex relationship for withdrawal, which was pre-
supposed only by increased sexual urges, yet led to conflict, relapse and
using sex as a means of escape amongst men.

4.3. Implications

The current research has practical implications for addiction diag-
nosis/classification, and treatment. From a diagnostic/classification
perspective, relationship pathways between similar components of
addiction were demonstrated to be unique to the individual disorder,
confirming the importance of accurate diagnostic criterion for individ-
ual addictive behaviours, instead of employing general addiction defi-
nitions/constructs. From a treatment perspective, findings suggest that
interventions targeting salient features of behavioural addiction, such as
cognitive-based therapies, may be effective in disrupting the addictive
network and promoting recovery. In that context, public awareness and
education regarding behavioural forms of addiction can help reduce
associated stigma and allow for honest discussion of one’s addictive
experience. Group-based therapies may foster promotion of honesty
through discussion and understanding of shared experiences. Moreover,
gender differences in network structures suggest the importance of
gender-specific treatment approaches, with interventions focusing more
on intrapsychic processes for men and interpersonal factors for women.
Such insights can guide the development of more effective and tailored
interventions for individuals struggling with SA, GD, and potentially,
other addictive behaviours.
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Table 3
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Estimated strength and directional probability between symptoms of sex addiction and gambling disorder within male and female networks.

Probable influence (female)

Probable influence (male)

Parent node (from) Descendant node (to) Strength Direction Strength Direction
Similar between male and female networks

S1 - time thinking about sex S2 — increased sexual urges >0.99 0.80 >0.99 0.61
G10 - borrow money for gambling G11 - prioritise gambling >0.99 0.52 >0.99 0.54
S3 — use sex to escape S4 — sexual relapse 0.98 0.59 0.89 0.54
G2 - gambling withdrawal G1 - gambling tolerance 0.97 0.72 0.98 0.58
S2 — increased sexual urges S3 — use sex to escape 0.96 0.79 >0.99 0.72
G3 - unable to control gambling G4 - negative consequences from gambling 0.91 0.54 >0.99 0.85
G6 — use gambling to escape G1 - gambling tolerance 0.89 0.56 0.94 0.56
Observed only within female network

G9 - lie about gambling G11 - prioritise gambling 0.99 0.64

G9 - lie about gambling G7 - lack of control over gambling 0.91 0.68

G2 - gambling withdrawal G4 — negative consequences from gambling 0.91 0.59

S1 - time thinking about sex S5 — sexual withdrawal 0.90 0.85

G6 — use gambling to escape G5 - time thinking about gambling 0.89 0.57

G4 - negative consequences from gambling G6 — use gambling to escape 0.85 0.74

Observed only within male network

G5 - time thinking about gambling G8 - chasing losses >0.99 0.62
G3 - unable to control gambling G9 - lie about gambling 0.99 0.61
S5 — sexual withdrawal S6 — sex has negative impact on life 0.99 0.70
G6 - use gambling to escape G3 - unable to control gambling 0.96 0.501
S5 - sexual withdrawal S3 - use sex to escape 0.95 0.58
S2 — increased sexual urges S5 — sexual withdrawal 0.95 0.58
G3 — unable to control gambling G7 — lack of control over gambling 0.92 0.53
G2 — gambling withdrawal G7 - lack of control over gambling 0.91 0.61
G10 - borrow money for gambling G7 - lack of control over gambling 0.89 0.60
G2 — gambling withdrawal G3 — unable to control gambling 0.87 0.63
G11 - prioritise gambling G7 - lack of control over gambling 0.87 0.67
G10 - borrow money for gambling G6 — use gambling to escape 0.87 0.59
G9 - lie about gambling G8 — chasing losses 0.86 0.67
G9 - lie about gambling G5 — time thinking about gambling 0.86 0.67
G11 - prioritise gambling G8 - chasing losses 0.86 0.82

4.4. Future research

While this study provides valuable insights, there are several avenues
for future research. First, refining the diagnostic criteria, particularly for
SA, is essential to accurately capture unique features and interrelation-
ships of behavioural disorders and correctly estimate the population
proportions of those impacted. Longitudinal studies can provide insight
into the dynamic nature of addictive behaviours and their develop-
mental trajectories. Qualitative research may complement quantitative
analyses by exploring the lived experiences and subjective perspectives
of individuals with SA and GD. For example, recent research has high-
lighted strong associations between disordered gambling and hedonic
dysregulation (Velotti et al., 2021). That is, unlike in alcohol and other
substances where mood manipulation is used to avoid negative emo-
tions, in gambling, and possibly other behavioural addictions, positive
mood manipulation is more pronounced. Positive reappraisal of nega-
tive emotional cues, such as incurring a loss following a bet, may
therefore act to reinforce continued gambling behaviour (Ruiz de Lara
etal., 2019). Current gambling disorder measures and classifications are
a step behind research and fail to ask about experiences of positive mood
states and gambling engagement. Further research of positive mood
modification may illuminate key distinctions between behavioural and
psychoactive addictions.

In that line, deception was shown to reinforce addiction salience
amongst gamblers. Research into substance-based addiction typically
distinguishes between two forms of deceptive tendency; impression
management — the desire to present oneself favourably; and self-
deception — an unconscious tendency to enhance self-concept, such as
with denial (Caputo, 2019). Further exploration into the use and role of
deception may prove relevant for distinguishing between healthy coping
and problematic behaviour in a range of proposed behavioural
addictions.

Similarly, investigating the role of age may illuminate why women
are observed to move through the cycles of addiction at a faster rate than
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men (Becker et al., 2016), or, why women are more commonly observed
to develop problems with addictive behaviour later in life (Merkouris
et al., 2016; Zakiniaeiz and Potenza, 2018). Additionally, examining
cultural values and social factors, not considered here, may also provide
a more comprehensive understanding of the complex interplay between
addiction and its contexts. For example, further research may provide
insight as to whether gender-based differences are based in biological
mechanisms or due to systemic processes at a macro level. Finally,
exploring other forms of behavioural and substance-based addictions
within the same network model can offer expanded/deeper insights into
co-occurring addictions and cross-addictive behaviours.

4.5. Limitations

Results of the current study should be interpreted with several lim-
itations in mind. Findings from the current study suggest that individual
scale items influenced the addictive model in different ways. However, it
has been argued that equal weighting of scale items within measures
used to assess behavioural addiction, may not accurately reflect the
importance of individual items contained within the scale (Karde-
felt-Winther et al., 2017). Moreover, the BYSAS assesses SA based solely
on Griffith’s (2005) component model of addiction, while the OGD-Q
includes components of addiction, as well as other diagnostic criteria
included in the DSM-V. As such, several scale items may be considered
associated with the same theoretical construct component. For example,
item six and eleven of the OGD-Q both measure aspects of salience; items
three, four and seven relate to various forms of conflict
(Gonzalez-Cabrera et al., 2020; Stavropoulos et al., 2022). Node selec-
tion in the model could therefore be improved. Additionally, the OGD-Q
incorporates several scale items which are distinct features of gambling
addiction, including chasing losses, lying about gambling, and
borrowing money. These items were influential in the overall model. A
lack of consensus around diagnostic classification of SA makes it difficult
to assess features which are unique to the disorder, or how these features
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may influence the addictive cycle.

Secondly, while the goal of network analysis in psychological
research is to identify potentially causal relationships which give rise to
episodes of disorder (McNally et al., 2017), dynamic processes which
play out on an individual level may not be appropriately theorised based
on cross-sectional data (Forbes et al., 2019). Further, Bayesian network
analysis incorporates a structure learning algorithm. As such, causal
interpretation of the analysis is subject to strong assumptions (Briganti
et al., 2021). Firstly, sufficiency assumes that all causes of the variable
being measured are included in the model and there are no latent or
confounding variables. The second, faithfulness, assumes a probabilistic
dependence of all variables included in the model. Both assumptions are
difficult to verify in psychological datasets, particularly given that psy-
chological research often assumes the existence of a latent construct.
The current analysis provides a probable perspective on the direction
and influence of relationships amongst symptoms of SA and GD, with
data derived from a particular group of participants at a given timepoint.
Additionally, the sample primarily consisted of English speaking,
Western adults, limiting generalisability of the results. Future studies
should include more diverse samples, including clinical populations, to
enhance the external validity of the findings.

Finally, the use of network analysis, and in particular, Bayesian
network analysis is a relatively new approach to interpreting psycho-
logical data. The analysis interpreted in the current study was performed
using conservative thresholds, however there is currently no recom-
mendation for interpreting, with certainty, directional strength. For
example, a directional relationship observed in 51% of cases, appears in
the opposite direction in 49% of cases. Additionally, DAGs are incapable
of detecting cyclic relationships and positive feedback cycles could exist
amongst symptoms, acting to further sustain networks of addiction.
While the current study provides insight to the most prominent re-
lationships between symptoms of SA and GD, it may not fully explain
relationships between all variables included in the model.

5. Conclusion

In conclusion, this study provides valuable insights into the network
structures and gender differences of SA and GD. The findings emphasize
the distinct nature of these addictive behaviours and underscore the
importance of accurate diagnostic criteria and tailored treatment ap-
proaches. The implications of this research extend to addiction classi-
fication, intervention strategies, and public education. Future research
should focus on refining diagnostic criteria, employing longitudinal and
qualitative methodologies, and examining additional forms of addictive
behaviours within the network model. By addressing these limitations
and advancing our understanding of addictive networks, we can
enhance addiction research, treatment outcomes, and support for in-
dividuals affected by SA, GD, and other addictive behaviours.
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