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Abstract

Age, gender, and marital status are robust predictors of disordered gambling. Men and
younger individuals generally report more disordered gambling, while women appear to
develop disordered gambling faster (the ‘telescoping effect”). Further, divorce and unmarried
status appears overrepresented among those with disordered gambling. However, there are
still gaps in our understanding of these sociodemographic variables in relation to disordered
gambling. For age and gender, studies are needed combining wide age ranges and longer time
periods to elucidate trends in disordered gambling for different age and gender groups over
time. For gender, the ‘telescoping effect’ remains to be replicated with prospective data from
non-clinical samples. For marital status, studies are needed to investigate the directionality
between marital status and disordered gambling.

The current thesis presents three studies that aimed to alleviate previous limitations by
leveraging registry data. Behavioral tracking data allows for automatic and non-intrusive
recording of objective gambling behavior, giving rise to large longitudinal datasets that are
rich in detail. Health registry data allows for access to large samples of individuals with
psychiatric diagnoses such as gambling disorder (GD), that are nationally representative of the
treatment-seeking population, and whose data can be linked with other registries containing
similar high-quality recordings of health and social information.

The first study of this thesis used behavioral tracking data to investigate how annual
trends in theoretical loss (a measure of risk propensity in gambling) varied according to age
and gender groups for a population of electronic gaming machine (EGM) players over six
years. The second study used the same data to the examine a variant of the ‘telescoping
effect’: Women were hypothesized to be older than men when initiating EGM gambling, and
their time between first playing EGM to reaching first loss limit would be shorter compared to

men. The third study made use of health and social welfare registries across an 11-year period



to examine if getting divorced was associated with increased odds for future GD, and if
getting married was associated with reduced odds for future GD.

Results from the first study showed that higher theoretical loss at various parts of the
distribution (25%, 50" [median], and 90™ percentile) was associated with older age and being
a woman. Age-related differences in theoretical loss were also stronger among men compared
to women. Finally, yearly theoretical loss decreased among the most intense gamblers (90™
percentile) across the examined years for all age- and gender groups except men aged 18-29
years. Results from the second study indicated a ‘telescoping effect’ as women were on
average 6 years older than men when first gambling on EGMs, and women reached their first
monthly loss limit on average 9 months before men (out of 70 total study months). Results
from the third study showed that getting divorced was associated with increased risk for
future GD compared to illness controls (2.45 odds ratio) and general population controls (2.41
odds ratio). Results also showed that getting married was associated with reduced odds for
future GD compared to illness controls (0.62 odds ratio) and general population controls (0.57
odds ratio).

The changing gambling landscape and established theories of disordered gambling
might explain the present findings on land-based EGM gambling. EGM gambling appears to
be decreasing, although women and older adults show stronger preference for EGM gambling
compared to men and younger adults. This could increase exposure to reinforcement factors
and maintain cognitive biases that facilitate disordered gambling. Regarding marital status
and risk for GD: Divorced individuals might develop GD as gambling becomes a coping
strategy following such a stress-full life event. Married individuals might benefit from social
control and support from spouses that buffer against overinvolvement in gambling. The
benefits and limitations of using registry data for achieving the study aims are discussed, as

are implications for intervention and future research.



Sammendrag (Norwegian abstract)

Alder, kjonn, og sivilstatus er robuste prediktorer for problematisk pengespilling. Menn
og yngre rapporterer generelt mer problematisk pengespilling, mens kvinner virker & utvikle
problematisk pengespilling raskere (sékalt teleskop-effekt). Videre er skilte og ugifte
overrepresentert blant de med problematisk pengespilling. Det er allikevel flere kunnskapshull
i var forstaelse av disse sosiodemografiske variablene og deres betydning for problematisk
pengespilling. For alder og kjonn sé er det behov for studier som kombinerer storre
aldersspenn og lengre oppfalgningsperioder for & klargjere trender i problematisk
pengespilling for ulike alders- og kjennsgrupper over tid. For kjonn s gjenstar det a replisere
teleskop-effekten med prospektive data fra ikke-kliniske utvalg. For sivilstatus s er det behov
for studier som underseker retningen pé forholdet mellom sivilstatus og problematisk
pengespilling.

Denne avhandlingen presenterer tre studier som har mélsetting 4 imetekomme tidligere
begrensninger ved & benytte registerdata. Sporingsdata pa pengespilling muliggjer automatisk
og ikke-invaderende innsamling av objektiv spillatferd som gir opphav til store og detaljerte
longitudinelle utvalg. Helseregisterdata gir tilgang til store utvalg av individer med diagnoser
for psykiske lidelser slik som pengespillidelse (“gambling disorder”, GD), som er nasjonalt
representative for den behandlingssekende populasjonen og der dataen kan kobles med andre
registre som har liknende hay kvalitet pa helse og sosial informasjon.

Den forste studien i denne avhandlingen brukte sporingsdata for 4 underseke hvordan
arlige trender i teoretisk tap (et mal pa tilbeyelighet til & ta risiko i pengespilling) varierte etter
alders- og kjennsgrupper for en populasjon av spillautomatspillere (“electronic gaming
machines”, EGM) over seks ar. Den andre studien brukte samme data for & undersoke en
variant av teleskop-effekten: Kvinner ble antatt & vaere eldre enn menn nér de begynte EGM-

spilling og tiden det gikk fra de begynte EGM-spilling til de mette sin forste tapsgrense ble



antatt & veere kortere sammenlignet med menn. Den tredje studien brukte helse- og
sosialregistre over en 11-4rs periode for & underseke hvorvidt & skille seg var assosiert gkt
odds for fremtidig GD og hvorvidt & gifte seg var assosiert redusert odds for fremtidig GD.

Resultater fra den forste studien viste at hayere teoretisk tap pa flere deler av
fordelingen (25., 50. [medianen], og 90. persentil) var assosiert med heyere alder og & vaere
kvinne. Aldersrelaterte forskjeller i teoretisk tap var ogsa sterkere hos menn sammenlignet
med kvinner. Til slutt, arlig teoretisk tap falt blant de mest intense pengespillerne (90.
persentil) pa tvers av de undersekte drene for alle alders- og kjennsgrupper utenom menn i
alderen 18-29 ar. Resultater fra den andre studien ga stotte for en teleskop-effekt ettersom
kvinner var i gjennomsnitt 6 ar yngre enn menn da de begynte sin EGM-spilling og kvinner
mette sin forste manedlige tapsgrense i median 9 maneder for menn (av totalt 70 méneder i
studien). Resultater fra den tredje studien viste at & skille seg var assosiert gkt odds for
fremtidig GD sammenlignet med kontroller som har psykisk eller somatisk sykdom (2,45
odds ratio) og kontroller fra generelle befolkningen (2,41 odds ratio). Resultatene viste ogsa at
a gifte seg var assosiert redusert odds for fremtidig GD sammenlignet med kontroller som har
psykisk eller somatisk sykdom (0,62 odds ratio) og kontroller fra generelle befolkningen (0,57
odds ratio).

Endringer i pengespillmarkedet og etablerte teorier for problematisk pengespilling kan
vare med a forklare de aktuelle funnene pa landbasert EGM-spilling. EGM-spilling virker &
vare synkende generelt, men kvinner og eldre voksne viser en sterkere preferanse for EGM-
spilling sammenlignet med menn og yngre voksne. Dette kan styrke forsterkning fra EGM og
medfore opprettholdelse av kognitive skjevheter som fremmer problematisk pengespilling.
Angaende sivilstatus og risiko for GD: Skilte personer kan muligens utvikle GD ved at
pengespillingen blir en mestringsstrategi i mate med slik belastende livshendelse. Gifte

personer vil muligens dra fordel av sosial kontroll og stette fra deres ektefeller som beskytter



mot overinvolvering i pengespill. Fordeler og ulemper ved bruk av registerdata for 4 oppné
maélsettingene i studiene blir diskutert samt implikasjoner for intervensjoner og fremtidig

forskning.
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1. Introduction

Gambling is the “the wager of any type of item or possession of value upon a game or
event of uncertain outcome in which chance, of variable degree, determines such outcome”
(Bolen, 1968, p. 619). Most gambling presents little harm for the gambler and others, rather
providing positive experiences such as intellectual challenge, social rewards, and positive
mood change (Binde, 2013). In Norway, approximately two thirds of the adult population
gamble at least once yearly (Pallesen et al., 2020). Scratch cards and lottery games are the
most popular overall, while certain game types also find higher popularity among specific
age- and gender groups. For instance, young men show a higher preference for online games
compared to women and older adults, older men prefer horse racing to a larger degree than
younger men and women, and women engage more with paper-based scratch cards compared
to men.

Gambling can also entail negative consequences such as causing dependence, financial
harm, work-related harm, mental/physical harm, emotional harm, relationship harm, and other
harms such as gambling-related crime (Li et al., 2017; Pallesen et al., 2020). The prevention
and minimization of such negative consequences from gambling is a chief concern for society
at large. In Norway, the current governmental action plan against gambling problems
identifies areas of research and innovation that are seen as necessary for achieving such ends
(Ministry of Culture and Equality, 2022). The need for continued research on risk factors for
disordered gambling constitutes one such area. The current thesis contributes to this by
presenting three studies that aim to contribute to our understanding of age, gender, and marital

status as risk factors for risky and disordered gambling by using registry data.
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1.1 Disordered gambling and associated definitions

Gambling can involve different levels of loss of control and negative consequences for
the gambler, which may be placed on a continuum (Shaffer & Korn, 2002; Shaffer & Martin,
2011). This thesis will use the term disordered gambling to refer to more severe negative
consequences and loss of control that is varying but nevertheless lie at the latter parts of this
continuum, and the term risky gambling to refer to earlier parts of the continuum which
reflect (probable) milder/moderate consequences. On an individual level, gamblers with high
expenditure and frequency experience the most severe harm. Still, on a societal level, most
gambling related harm is concentrated among those with moderate to low levels of gambling
expenditure and frequency (Browne & Rockloff, 2018; Canale et al., 2016). A public health
approach involves taking the full spectrum of gambling behavior into account and minimizing
gambling harm overall (Latvala et al., 2019). Prevention efforts targeting those with lower
levels of gambling behavior may result in the most harm reduction, which has been termed
the ‘prevention paradox’ (Browne & Rockloff, 2018).

The term disordered gambling also subsumes more categorical understandings of
gambling harm and behavioral characteristics related to gambling. These categories that use
clear separation in presence/absence of pre-defined criteria will be presented in the following
to provide a fuller understanding of the different conceptualizations of disordered gambling
that exist. These categories can be placed at the far end of the continuum of disordered
gambling.

Gambling that is persistent and recurring and that causes substantial distress or
impairment may qualify for the psychiatric diagnosis gambling disorder, as specified in the
eleventh edition of the International Classification of Diseases (ICD-11; World Health
Organization, 2019) and the fifth version of Diagnostic and Statistical Manual for Mental

Disorders (DSM-5; American Psychiatric Association, 2013). Within ICD-11, the individual’s
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gambling behavior must be characterized by a set of essential features/symptoms within a 12-
month period to qualify for the disorder. This includes a persistent pattern of gambling
characterized by impaired control over gambling (loss of control), increasing priority to
gambling (pre-occupation), and continuation or escalation of gambling despite negative
consequences (tolerance and harm). Gambling disorder is characterized similarly within the
DSM-5, although by specifying 9 more isolated criteria that qualify towards the disorder and
with different degrees of severity based on cut-offs: Mild = 4/5 out 9, moderate = 6/7 out 9,
and severe = 8/9 out 9. Example criteria include needing to gamble with increasing amounts
of money to achieve the desired excitement, making repeated unsuccessful attempt to control,
cut back, or stop gambling, and lying to conceal the extent of involvement with gambling.
These psychiatric diagnoses of disordered gambling were reclassified from being an impulse-
control disorder in ICD-10 and DSM-IV to being an addictive disorder within ICD-11 and
DSM-5. This was done because disordered gambling was understood to have more in
common with substance use disorders (i.e., addictions) in terms of behavioral characteristics
(e.g., loss of control, pre-occupation, tolerance) and possibly underlying mechanisms,
compared to other impulse control disorders such as obsessive-compulsive disorder (Potenza
et al., 2019). This also involved changing the diagnostic term from pathological gambling to
gambling disorder. However, description/criteria have remained largely the same between
transitions in the diagnostic systems.

The psychiatric diagnoses gambling disorder and pathological gambling form the basis
for clinical care, but the term problem gambling is often used in prevalence studies on
disordered gambling (Hodgins et al., 2011). One definition of problem gambling is: “having
difficulties limiting money and/or time spent on gambling which leads to adverse
consequences for the gambler, others, or for the community” (Williams et al., 2012, p. 8).

This definition is very similar to the description of disordered gambling presented above,
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although the term problem gambling is typically used in conjunction with a categorical
understanding also including less severe cases. For instance, using the Problem Gambling
Severity Index (PGSI), individuals are often categorized as having problem gambling if they
have a composite score of 8+ across 9 items scored on a 0 (“never”) — 3 (“always”) scale that
assess problematic gambling behavior or negative consequences from gambling, whereas
moderate risk gambling is defined as having a composite score ranging between 3 and 7
(Ferris & Wynne, 2001).

Beyond the usefulness of a continuum-based understanding of disordered gambling in
a public health perspective, the use of the terms disordered and risky gambling in the present
thesis is also informed by the studies that are included in the thesis. Study 1 and Study 2 rely
upon using behavioral indicators that approximate, but not directly measure, disordered
gambling (see section 1.3.1 “Behavioral tracking data in gambling” for discussion of the
literature on this) thus it is arguably more meaningful to refer to the more inclusive term in
that context. Study 3 uses health registry data and the diagnosis F63.0 pathological gambling
from ICD-10. However, in cases when the categorical understanding is specified, the term
gambling disorder (GD) will be used when discussing this study and other studies with
clinical samples because GD is the term most often used in studies with clinical samples,
there is significant overlap in both conceptualization and clinical practice when it comes to
GD and pathological gambling (as discussed above), and the most recent clinical
classification of gambling problems in ICD-11 and DSM-5 is now converging on GD as a

term.

1.2 Theories of disordered gambling

Disordered gambling, and all the terms discussed above, are atheoretical concepts in

that they only refer to behavioral characteristics and negative consequences from gambling
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without reference to cause or mechanism. Still, there are different theories about the cause
(etiology), development, and maintenance of disordered gambling that can be applied to

further its understanding (Blaszczynski & Nower, 2007; Griffiths & Calado, 2022).

1.2.1 Psychoanalytic and psychodynamic theory

Psychoanalytic and psychodynamic theories represent the earliest formal theories
offered on disordered gambling, albeit largely based on case material and lacking empirical
testing of proposed ideas (Blaszczynski & Nower, 2007). Early psychoanalytic theory
emphasized regression to pregenital psychosexual phases, such as the anal phase where
defecation was pleasurable but denied unless conducted in a controlled manner, as a cause of
different disorders/problems (Harris, 1964). Conflict and resulting fixation at this phase could
result in ongoing unconscious guilt that is sought to be relieved by (self-)punishment. In terms
of gambling, winning and losing was suggested to act as a way of reenacting the conflict
between forbidden impulses and punishment for indulging. The inherent risk of gambling is
eroticized, winning is pleasurable and losing becomes a form of necessary self-punishment
(i.e., gambling becomes masochistic, joining both sexual/libidinal and aggressive impulses).
Thus, disordered gambling is caused by early developmental experience, an unresolved
Oedipal conflict, and it is maintained because the repeated reenactment through gambling
does not resolve the conflict.

After the early focus on psychosexual theory, psychoanalytic and psychodynamic
perspectives on disordered gambling have emphasized how disordered gambling may result
from unconscious seeking of love, acceptance, and experiences of absolute control
(omnipotence) through gambling (Rosenthal & Rugle, 1994). The understanding of
disordered gambling within psychodynamic theory also coincides with how other mental
distress is conceptualized within this approach. That is, maladaptive coping styles (such as

gambling in this case) and associated defenses develop as reaction to intolerable affect,
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previous relationship experiences, and efforts to fulfill wishes/goals that are not readily
available for the patient, unspoken, or irrational (Rosenthal, 2008). For example, disordered
gambling may develop as a way of handling intolerable grief following the loss of a parent.
Similarly, the exacerbation and maintenance of disordered gambling can also be influenced by
affect regulation: Chasing losses can be seen as a way of counteracting feelings of guilt as the
gambler believes winning money back can not only alleviate the financial losses incurred but
even ‘erase’ the existence of the gambling problem (an undoing defense mechanism;
Rosenthal, 2008). Thus, what is overtly irrational behavior (chasing losses exacerbates
gambling problems) becomes understandable within the perspective of unconscious affect
regulation (attempts to alleviate intolerable guilt). Within psychodynamic theory it becomes
crucial to foster self-awareness of such patterns and eventual replacement with more adaptive
coping styles in order to achieve long-term recovery.

Recently, psychodynamic perspectives on addictions, including gambling, has further
emphasized a relational focus such as on the role of attachment (Mooney et al., 2019). In
terms of etiology of disordered gambling, early experiences that result in insecure attachment
are understood as predisposing for attachment to drugs/gambling which then act as a
substitution for healthy attachment to others. Individuals with disordered gambling report
history of worse parental bonding and higher rates of insecure attachment style (Grant & Kim,
2002; Keough et al., 2018).

Psychodynamic theory of disordered gambling informs psychodynamic therapy of this
condition, although critics have pointed to the lack of systematic outcome studies on
psychodynamic therapy of disordered gambling (Blaszczynski & Nower, 2007). While
acknowledging this point, Rosenthal (2008) reviews and argues how efficacious treatment
programs have in large part integrated psychodynamic theory and thus can be taken as some

support of its associated tenets. Regardless, there is still a need for more directed efforts of
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empirically testing psychodynamic conceptions of disordered gambling and targeted

interventions.

1.2.2 Behavioral theory

Behavioral theory of disordered gambling is based on learning theory and especially
the role of operant and classical conditioning which conceptualizes disordered gambling as a
learned maladaptive behavior (Blaszczynski & Nower, 2007; Griffiths & Calado, 2022).
Within classical conditioning, learning occurs as adjustment to events in the environment
which are outside of the individual’s control: A neutral stimulus becomes associated with a
valued stimulus, making the neutral stimulus elicit a response previously only elicited by the
valued stimulus alone (Domjan, 2014). Within operant conditioning, the individual’s behavior
is instrumental: Behavior that produces a gratifying outcome or that eliminates or prevents an
aversive outcome will increase the rate of the associated behavior during similar
circumstances (Domjan, 2014). These learning principles are termed positive reinforcement
and negative reinforcement, respectively. In contrast, behavior that produces an aversive
outcome or eliminates or prevents a gratifying outcome will decrease the rate of the
associated behavior in similar contexts. These learning principles are termed positive
punishment and negative punishment, respectively. The rate at which behaviors produce
outcome is also of key importance within operant conditioning, termed schedules of
reinforcement. Fundamentally, an outcome can happen after a fixed number of behavior
responses or time interval, or after a variable number of behavior responses or time interval.
These are termed fixed or variable reinforcement schedules, respectively.

Gambling has been conceptualized as driven particularly by positive reinforcements
through winning and associated arousal, reflecting operant conditioning (Blaszczynski &
Nower, 2007; Griffiths & Calado, 2022). Audio-visual stimulation while gambling reflects

milder but frequent reinforcement, and wins reflect stronger reinforcement albeit variable and
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unpredictable. Negative reinforcement can also occur when gambling alleviates boredom,
stress, anxiety, or other aversive emotional states. Variable reinforcement schedules are
especially effective in maintaining behavior long-term. Winning can also reinforce the
association between contextual cues (e.g., sounds, imagery, visual aspects in the gambling
environment etc.) and excitement from winning, reflecting both operant and classical
conditioning (Rickwood et al., 2010). Notably, this results in contextual cues being sufficient
in eliciting excitement and motivation to gambling. Contextual cues are important in eliciting
gambling urges among individuals with disordered gambling (Brevers et al., 2019). Further,
arousal and excitement can become so strongly associated with gambling over time that not
being involved with gambling elicits boredom and restlessness which means that gambling
becomes negatively reinforced (again reflecting a combination of operant and classical
conditioning; Griffiths & Calado, 2022). Within behavioral theory, structural characteristics
of gambling products become especially important because they reflect the system for
reinforcement and source for contextual cues that drive development and maintenance of
disordered gambling (Yiicel et al., 2018).

Cue-exposure is one example of a treatment technique based primarily on behavioral
theory: Gamblers repeatedly place themselves in a situation with gambling-related contextual
cues (e.g., enters the casino) while withholding response (i.e., refrains from gambling) which
weakens the learned association fostering extinction and reduction in cue-elicited urges
(Tolchard, 2017).

Gambling also involves punishment such as the occurrence of financial losses and
other negative consequences. Indeed, such negative consequences are characteristic of
disordered gambling (as described earlier) and behavioral theory faces a challenge in
explaining how persistence in gambling is maintained in the face of such negative

consequences (Blaszczynski & Nower, 2007). The effect of punishment factors can be



21

negated to some degree by the negative consequences being delayed such as, for instance,
severe debt or relationship difficulties due to gambling only happening after longer gambling
engagement. However, acute consequences are also present in the form of immediate losses
and associated negative emotional reactions. Behavioral theory of disordered gambling has
also been criticized by its’ inability to explain why only a minority of gamblers develop
disordered gambling and the downplaying of factors such as motivation, thought, and emotion
(Griffiths & Calado, 2022). The latter limitation can be alleviated by viewing behavioral

theory in combination with other theories of disordered gambling, such as cognitive theory.

1.2.3 Cognitive theory

The cognitive perspective emphasizes the role of irrational beliefs in the development
and maintenance of disordered gambling. Gambling is assumed to be motivated by financial
gain but expected return is less than the sum staked, and the existence of irrational beliefs
among gamblers represents one explanation to how gamblers reconcile this (Ladouceur et al.,
1998). The existence of such irrational beliefs among gamblers and their increased severity
among those with disordered gambling finds support in early and more recent studies
(Ladouceur et al., 1988; Orlowski et al., 2020; Schluter et al., 2019; Tabri et al., 2023).

Toneatto (1999, 2002) has presented a framework of irrational beliefs in disordered
gambling. It is proposed that individuals with disordered gambling are motivated by the core
belief of “the ability to predict or control the outcome of a future event which is, by definition,
either randomly determined (e.g., slot machines, roulette, lotteries) or about which insufficient
knowledge is available to make accurate predictions (e.g., sport lotteries, race tracks, card
games)” (Toneatto, 2002, p. 192). Notably, this focus on illusion of control is also related to
earlier theoretical work within psychodynamic theory with the emphasis of the gambler
experiencing absolute control (omnipotence; Rosenthal & Rugle, 1994). Within cognitive

theory, more specific irrational beliefs result from the core belief detailed above and can be
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categorized in groups. Categories include for example beliefs about superstitious behavior
(e.g., believing certain objects, rituals, or mental states confer higher probability of winning),
attribution biases (e.g., wins reflect dispositional factor and losses situational factors), and
control over luck (e.g., luck can be associated to specific games, machines, individuals). This
cognitive theory is tied heavily to cognitive therapy of disordered gambling (Toneatto, 2002).
Within this perspective it becomes essential to guide the individual with disordered gambling
to become attentive to irrational beliefs, engage skeptically with them, and ultimately replace
them with more adaptive beliefs regarding gambling and its’ function.

More recently, the metacognitive perspective on disordered gambling represents an
alternative way of conceptualizing how cognition plays a role in the development and
maintenance of disordered gambling (Caselli et al., 2018; Spada et al., 2015). Proponents of
this perspective have argued that it is mental processes such as worry, rumination, fantasizing
about gambling that drives disordered development rather than specific content of beliefs,
such as the aforementioned irrational beliefs (Caselli et al., 2018). Rather, these mental
processes are seen as causative of the irrational beliefs, meaning that long-term recovery of
disordered gambling requires changing such metacognitive processes. These metacognitive
processes are themselves underpinned by metacognitive beliefs that can be broadly
categorized into negative metacognitions that concern the uncontrollability of gambling and
thoughts about gambling, positive metacognitions concerning the perceived usefulness of
gambling to reduce worry, and metacognitions about consequences of gambling (e.g.,
gambling will make one lose one’s mind, gambling thoughts should be repressed). While the
metacognitive perspective represents a useful expansion or alternative conceptualization of
traditional cognitive theory, it remains to investigated if targeted intervention of its constructs

will result in recovery from disordered gambling.
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Cognitive theory faces similar critique as behavioral theory in that it is unclear how
the transition to severe disordered gambling (i.e., fulfilling criteria for GD) takes place
(Griffiths & Calado, 2022). Further, it is unclear whether cognitive distortions cause
disordered gambling, disordered gambling cause cognitive distortions, disordered gambling
and cognitive distortions exhibit bidirectional causation, or disordered gambling and cognitive
distortions simply develop alongside disordered gambling. Cognitive theory is now frequently
combined with behavioral theory in CBT which is also considered the gold-standard treatment
of disordered gambling (Cowlishaw et al., 2012; Oei et al., 2010; Raylu & Oei, 2010). Thus,
CBT can include both the cue-exposure technique from behavioral therapy and the cognitive

restructuring from cognitive therapy, described earlier.

1.2.4 The pathways model

Theories or aspects of theories of disordered gambling may complement each other
and can be combined into more holistic frameworks. The pathways model represents one such
effort and attempts to explain both the development and maintenance of disordered gambling
(Blaszczynski & Nower, 2002; Nower et al., 2022). The pathways model draws on behavioral
and cognitive theories of disordered gambling and asserts that individuals with disordered
gambling can be grouped into three distinct categories that differ in terms of problem
development and individual characteristics. The first pathway describes individuals that
follow a pathway to disordered gambling driven by behavioral conditioning and irrational
beliefs (i.e., mechanisms detailed within behavioral and cognitive theory, respectively). These
gamblers do not have pre-existing psychopathology and initially start gambling for social and
recreational reasons which gradually progress to disordered gambling through behavioral and
cognitive learning. The second pathway describes individuals who are more likely to have
pre-existing traumatic life events and comorbid mood disorders that would motivate gambling

to regulate mood states. The third pathway describes individuals who have personality traits
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that predispose them towards disordered gambling, including impulsiveness and anti-social
personality traits which exacerbate sensation seeking and binge episodes of gambling. Like
those within the second pathway, individuals within the third pathway also gamble to regulate
mood states and the pathway was originally understood as a sub-group of the second pathway.
Recent work with latent class analysis of a large number of treatment seekers have revised
this view and now pathway 3 is considered an independent pathway within the revised
pathways model (Nower et al., 2022). Some factors are understood as applicable across
pathways. Notably, the model incorporates the contextual factors of availability and access to
gambling opportunities as important pre-requisites to problem development. The model also
emphasizes irrational beliefs (cognitive theory) as important in the maintenance of disordered
gambling. The model is developed based on clinical samples where individuals tend to have
more severe gambling problems (Loy et al., 2018). In reference to the previous discussion
regarding terms for gambling problems, the model can be said to be applicable to those with
GD, with pathological gambling, and/or at the far end of the continuum for disordered
gambling.

The theories of disordered gambling covered so far have mostly focused on individual
factors. Individual biological, psychological, and social factors are important in development
and maintenance of mental problems, including disordered gambling, but these also act within
broader contextual influences from the local community, culture, norms, and policies (Abbott
et al., 2013; Lehman et al., 2017). The gambling environment with structural characteristics of
gambling products can affect the development of disordered gambling as discussed in relation
to behavioral theory mentioned above. The gambling environment is influenced by
technological developments and governmental policies that affect the access and availability
of gambling. This broader dynamic interplay can be illustrated by the case of Norway and

electronic gaming machines (EGMs).
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1.3 A brief history of gambling regulation and electronic
gaming machines in Norway

Gambling in Norway has gone through periods of both strict regulation and liberalization
since it first became legal in 1912 with the introduction of a state-owned lottery (Gotestam &
Johansson, 2009). Income from legal gambling in Norway has since its inception been granted
to humanitarian efforts, sports, and research. Indeed, the Norwegian red cross was given a
permit for mechanical gambling machines in Norway as early as 1938. Multiple gambling
products were introduced across the 20 century, including horse racing (1927), sports betting
(1948), and bingo halls (1960s), although stakes were modest and time between stakes and
results were relatively long for most games (i.e., low event frequency) throughout this early
period (Rossow & Hansen, 2016). The 1980s and 1990s represented a period of liberalization
as horse race bets could be placed outside racing tracks (i.e., increasing gambling availability)
and age limits and limits to winnings were removed from scratch cards and lotteries.
Liberalization can be said to have peaked in the 1990s when EGMs were introduced and
private companies could eventually run EGMs on behalf of organizations that were deemed to
have public utility (e.g., local sports clubs; Rossow & Hansen, 2016). In contrast to earlier
mechanical gambling machines, these EGMs introduced structural characteristics in gambling
that have since been linked to higher risk for disordered gambling development, such as high
event frequency, variable reinforcement schedules, audio-visual reinforcement, and high
winnings (Ylicel et al., 2018). While Norway has never had land-based casinos, EGMs
became so ubiquitous in kiosks, supermarkets, bars etc., that Norway had the 3™ highest
number of EGMs per capita in the world (Rossow & Hansen, 2016). Turnover from gambling
increased massively between the mid-1980s and mid-2000s and this was predominantly

because of EGMs (Gotestam & Johansson, 2009).
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These EGMs then became banned in 2007 as they were understood as contributing to
disordered gambling. The relationship between EGMs and disordered gambling was also
investigated empirically with studies examining disordered gambling rates before and after
the ban. The results have been mixed as to whether the ban reduced disordered gambling, with
some indications suggesting reduced gambling frequency and problems after the ban (Lund,
2009; Rossow et al., 2013), but also some findings suggesting no change (Bakken &
Weggeberg, 2008). However, gambling turnover decreased drastically after the ban to EGMs,
but has since then increased and has now surpassed estimates before the ban (Pallesen et al.,
2020). Technological developments have continued and the 2010s have seen the expansion of
online gambling so that Norwegians may now gamble online through the monopoly operators
Norsk Tipping (lotteries, sports betting, online casino) and Norsk Rikstoto (horse racing), as
well as through unregulated providers of gambling abroad (Pallesen et al., 2021; Rossow &
Hansen, 2016).

The original EGMs that were banned in 2007 became replaced by another type of
EGMs in 2009 named Multix (Rossow & Hansen, 2016). Multix EGMs are run by Norsk
Tipping and are multigame terminals that were developed to be less likely to lead to
disordered gambling by having less audio-visual stimulation, no cash deposit or payout,
personal gambling cards that enable registered play, the introduction of loss limits, and
opportunities to self-exclude oneself from the machine. Registered play involves the use of
player cards and checking individuals date of birth and personal ID against the population
registry, this was introduced for Norsk Tipping in 2009 and Norsk Rikstoto in 2020 and
serves as an overarching tool for maintaining other responsible gambling tools such as global
and game-specific loss limits and self-exclusion possibilities (Hamar, 2017; Norsk Rikstoto,

2021).
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Previous studies have investigated player behavior at Multix (Leino et al., 2015, 2016,
2017; Sagoe et al., 2018). Leino et al. (2015) examined the effect of structural characteristics
in Multix” games and found that playing games with higher payback percentage, lower
average win size, and higher hit frequency (i.e., more bets must be placed to win) was
associated with more bets placed. Relatedly, getting ‘losses disguised as wins’, meaning
placing a bet and winning an amount less than staked, has been found to increase likelihood of
continuing betting during a session compared to losing a full stake (Leino et al., 2016).
Another repeated-measures study found that gambling on Multix terminals placed at alcohol-
serving venues was associated with staking less money per bet but losing more money overall,
compared to gambling at terminals placed at non-alcohol-serving venues (Leino et al., 2017).
However, this pattern was not observed for individuals that met their monthly loss limit. This
suggests that the people with less risky gambling behavior overall (non-limit reaching
players) are more susceptible to the contextual effect of alcohol-serving. Finally, players have
been found to place more bets and spend more time and money in places with multiple Multix

terminals present (Sagoe et al., 2018).

1.4 Sociodemographic risk factors for disordered
gambling

A risk factor can be defined as a “measurable characterization of each subject in a specified
population that precedes the outcome of interest and which can be used to divide the
population into 2 groups (the high-risk and the low-risk groups that comprise the total
population)” (Kraemer, 1997, p. 338). Risk factors may be fixed (e.g., biological sex, birth
year, ethnicity) or variable (e.g., income, age, marital status). Variable risk factors must occur
prior to the outcome, rather than only appearing simultaneously or consequently, to fulfill the
definition of a risk factor. Variable characterizations that only satisfies these alternative

conditions, or when the temporal relationship is unknown, are better termed correlates
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(Kraemer, 1997). Variable risk factors can be manipulated or not, and if the manipulation is
shown to influence the outcome, then it can be termed a causal risk factor. Protective factors
are the opposite of risk factors, they imply reduced risk for the future outcome, while sharing
all other definitional conditions with risk factors (Kazdin et al., 1997).

It follows from the above definition of risk factors that only specific study designs can
demonstrate the presence of risk factors. Cross-sectional studies, such as general population
prevalence studies on disordered gambling and correlates, can only demonstrate the presence
of fixed risk factors. Longitudinal studies are necessary to meet the precedence requirement of
variable risk factors.

Accurate labeling of risk factors is important for correctly informing prevention and
treatment efforts. Fixed risk factors are not relevant for intervention directly but may inform
the search for causal risk factors and can be relevant for targeting of interventions. For
instance, male sex has consistently been found to be positively associated with disordered
gambling and can be termed a fixed risk factor (Allami et al., 2021). It is not meaningful to
modify sex to prevent or treat disordered gambling, but knowledge about such variables can
help the search for possible mechanisms in disordered gambling and it is possible to
specifically target subgroups within fixed risk factors with prevention interventions.

Several sociodemographic (i.e., social and demographic) correlates of disordered
gambling have been identified (Allami et al., 2021; Johansson et al., 2009). There appears to
be a lack of a formal definition of ‘sociodemographic’ in most psychological studies, although
the following correlates have been identified as positively associated with disordered
gambling and are typically categorized under the sociodemographic umbrella term: Male sex,
young age, belonging to minority ethnic groups, being single/divorced, lower education, and

lower income (Allami et al., 2021).
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The strength of association between disordered gambling and sociodemographic
variables is lower than the association between disordered gambling and other categories of
variables such as gambling activity variables (e.g., whether the individual engages in EGM
gambling, poker, or internet gambling), psychosocial variables (e.g., anxiety, suicidal
thoughts), or substance use variables (e.g., alcohol problems, tobacco use, cocaine use; Allami
et al., 2021). However, sociodemographic variables hold special value in that they often
concern more fundamental aspects in which all individuals vary and thus offer more practical
utility in terms of prevention and minimization of disordered gambling. For instance,
prevention targeting based on sex related differences in gamblers makes the intervention
applicable to a larger group of individuals compared to targeting based on tobacco use in
gamblers, a narrower sub-population. Thus, the potential total prevention impact can be
greater (assuming the relevant causal mechanisms for disordered gambling are acted upon).

The current thesis focuses on the role of the sociodemographic variables age, gender,
and marital status in disordered gambling. Age and gender constitute special cases of
sociodemographic variables as other factors in psychopathology are often understood in
relation to these. For age, this is perhaps best illustrated by the field of developmental
psychopathology which seeks to understand causes and mechanisms of mental disorders
through the perspective of developmental processes (Rutter & Sroufe, 2000). For gender,
there are increasing efforts to not only control for gender in the study of mental disorders but
to understand mental health through a gender perspective (Heidari et al., 2016; Riecher-
Rdssler, 2017). The latter refers to an attempt to examine the why and how of gender
differences. For instance, depression is more common among women and one review took a
gendered perceptive by understanding depression in women through women’s higher

tendency for rumination, higher exposure to abuse, and influence of sex hormones (Kuehner,
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2017). There are similar calls for taking gendered perspectives in studies on disordered
gambling as well (McCarthy et al., 2019; Venne et al., 2020).

Marital status represents a key structural indicator of social connection (i.e., the ways
individuals connect to others emotionally, behaviorally, and physically; Holt-Lunstad, 2018).
Marriage can provide a social connection that benefits physical and mental health whereas
divorce constitutes a stressful life-event that can negatively impact physical and mental health
(Booth & Amato, 1991; Holt-Lunstad, 2018; Saeri et al., 2018). The following sub-sections
review the role of age, sex and gender, and marital status as correlates and risk factors of

disordered gambling.

1.4.1 Age

Adolescents and young adults appear to be at increased risk for developing disordered
gambling compared to older adults (Hodgins et al., 2011; Shaffer & Martin, 2011). Cross-
sectional studies show increased prevalence among younger individuals: One systematic
review and meta-analysis found worldwide problem gambling rates ranging between 0.12 —
5.8 % for the general population, with higher prevalence among younger individuals (Calado
& Griffiths, 2016). Specific examination of those aged 10 to 24 show prevalence rates ranging
between 0.2-12.3 % (Calado et al., 2017). These ranges in prevalence estimates show
considerable variability which may partly be due to different problem gambling screening
instruments and cut-off ranges (Derevensky & Gupta, 2000; Gambino, 2006; Ladouceur et al.,
2000). Regardless, with lower age generally being associated with higher prevalence rates, it
has been suggested that younger individuals are more likely to develop problem gambling
because of their general tendency for risk-seeking behavior coupled with increased
normalization of gambling in society (Arnett, 1992; Volberg et al., 2010).

Adolescents have higher impulsivity and increased risk taking compared to adults,

which could predispose them towards gambling as well. This partly reflects ongoing brain
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maturation, particularly within the frontostriatal system (DePasque & Galvan, 2017). Further,
peer influence and positive attitudes towards gambling within the family positively predicts
disordered gambling among adolescents (Derevensky & Gilbeau, 2015). Established theories
of disordered gambling can help us understand these lines of research. Behavioral theory and
the pathways model emphasize reinforcement factors in the development of disordered
gambling (Nower et al., 2022). Ongoing maturation of the frontostriatal system leads to a
hyper-responsivity to rewards which consequently facilitates reinforcement of risky behaviors
such as gambling (pathway 1). Additionally, the presence of peers promotes risk taking by
sensitizing these reward pathways further (Chein et al., 2011). Finally, adolescents appear less
responsive to negative feedback during risky decision making which can hinder harm
avoidance learning (Cauffman et al., 2010). Thus, behavioral conditioning of (disordered)
gambling might be facilitated among adolescents.

Cultural changes in high-income countries in the US, Europe and Japan may have
contributed to a distinct period of maturation among young adults; a phase between 18 and 29
termed emerging adulthood that represents a continuation of social influences that
characterized adolescence (Arnett et al., 2014; Sussman & Arnett, 2014). Emerging adulthood
is characterized by identity development, self-focus, low stability in jobs and relationships, as
well as optimism. Notably, this phase also includes increased tendency towards risk-taking
behavior. This period of persistent experimentation can also extend to disordered gambling:
One study followed individuals from adolescence to young adulthood and found that
participants typically manifested their gambling problems at 15 years and these gambling
problems were then moderately stable from 15 to 22 years old until showing a decrease at 30
years old (Carbonneau et al., 2015).

The higher prevalence of disordered gambling among adolescents and young adults

compared to other age groups does not negate the importance of understanding disordered
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gambling among older adults as well. Disordered gambling in older age can represent a
continuation of disordered gambling developed earlier in life, or it can be newly developed in
late life. Life-time disordered gambling among older adults (60+) has been estimated to affect
between 0.01%-10.6% and there is a similar wide variation of 0%-11% for estimates of past
12-months disordered gambling (Subramaniam et al., 2015). Estimates are typically lower in
general population samples compared to community samples and samples from gambling
venues.

Older adults develop disordered gambling for a variety of reasons, including reasons
that are more unique to these age groups. Stressful life events such as financial and sexual
problems can increase the risk for disordered gambling in older adults, while some may turn
to gambling as a coping mechanism for the loss of a partner or to alleviate feelings of
loneliness (Elton-Marshall et al., 2018; Granero et al., 2020). Some may resort to drawing on
savings to fund their gambling when their regular income and pensions are not sufficient
(Southwell et al., 2008). Older aged adults with disordered gambling often experience more
physical and mental health problems compared to other same aged individuals (Erickson et
al., 2005; Pietrzak et al., 2007). Additionally, disordered gambling might be perceived
differently among older adults as they may be more hesitant to admit to gambling problems
due to stigma and might view the negative consequences as purely financial rather than a
manifestation of disordered gambling per se (McKay, 2005).

A review by Tirachaimongkol (2010) analyzed disordered gambling among older
adults in regard to the pathways model (Blaszczynski & Nower, 2002). The review suggested
that pathways 1 and 2 are the most applicable in the development of late-life disordered
gambling among older adults. This is because gambling as an escape from stress and negative
emotions is a common motivation for older adults (pathway 2: emotionally vulnerable) and

such gambling becomes reinforced through engagement with more continuous gambling
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forms such as EGMs, and the lack of other sources of satisfaction (pathway 1: behavioral
conditioning). However, pathway 3, which involves neurochemical and dispositional
vulnerabilities, is also relevant in specific cases such as when older adults have health issues
that increase their susceptibility to disordered gambling. This can include conditions such as
stroke, dementia, and co-morbid substance abuse, which may cause abnormal brain changes
that can lead to impulsive and compulsive behavior. In the case of Parkinson's disease, the use
of dopamine agonists can also contribute to the development of disordered gambling (van
Eimeren et al., 2009).

There is a dearth of studies investigating age in disordered gambling over time (For
exceptions, see Abbott, 2020; Bilt et al., 2004; Carbonneau et al., 2015). Furthermore,
longitudinal studies have typically examined age groups in isolation, such as adolescents and
emerging adults (Allami et al., 2017; Carbonneau et al., 2015; Edgerton et al., 2015) or older
adults (Bilt et al., 2004; Martin et al., 2011). While it is possible to review age-related
findings across studies assessing different age groups, there might be aspects related to
specific samples, jurisdictions, or timeframes that impact the pattern of results. Studies with
multiple assessment points and with samples containing a wider range in participant ages
would enable identification of potential age differences while holding such factors constant.
The relationship between age and disordered gambling might also be further nuanced by
taking gambling types into account. Gambling type preference varies by age, younger
individuals prefer online gambling and games with skill-element, while older individuals tend
to prefer land-based gambling and gambling types such as lotteries, casino, and horse racing
(Ariyabuddhiphongs, 2012; Pallesen et al., 2021; Subramaniam et al., 2015; Welte et al.,
2007). Differences in age-related gambling preferences might lead to different distributions of
disordered gambling depending on the gambling type population. That is, it is possible that

the inverse association between age and disordered gambling is stronger among online
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gamblers and skill-element gamblers (e.g., poker and sports betting populations), and/or that
this association is weaker or reversed among land-based EGM gamblers for instance (a

preferred gambling type among older individuals).

1.4.2 Gender

Sex refers to male and female biological differences in sex hormones, external genitalia,
internal reproductive organs, and chromosomal cellular and molecular differences (Clayton &
Tannenbaum, 2016). Gender refers to socially constructed roles, norms, and relationships that
influence how a person perceives and present themselves (self-identity). Gender can take on a
spectrum of identities and expressions that go beyond a binary male/female distinction
(Heidari et al., 2016). The terms sex and gender are often used interchangeably within the
gambling literature (Kairouz et al., 2022). The current thesis uses the term gender unless
referring to biological characteristics specifically, as gender is seen as the most inclusive term.
Men consistently report higher rates of disordered gambling compared to women
(Allami et al., 2021; Johansson et al., 2009). This also includes estimates from studies that
assess older age groups (i.e., 60+; Subramaniam, Wang, et al., 2015). Multiple sex and gender
differences, including a combination of the two, could be driving differences in prevalence
rates for disordered gambling. For instance, men are also more impulsive which could explain
men’s higher rates of disordered gambling and other externalizing disorders such as alcohol
and substance abuse disorder (Eaton et al., 2015; Gonzalez-Ortega et al., 2013; Nower et al.,
2022). This can be interpreted in terms of biological and/or social factors. For instance, a
suggested biological sex effect would be the unsupported idea that men show higher
prevalence of disordered gambling due to higher testosterone levels driving impulsivity
(Blanco et al., 2001). Social factors can also interact with biological factors. Men and boys
have earlier gambling onset compared to women and girls, which in itself is associated with

higher rates of disordered gambling (Ladd & Petry, 2002; Sundqvist & Rosendahl, 2019;
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Tavares et al., 2002). If boys/men start gambling during adolescence and emerging adulthood
more often than girls/women, then they would also be more exposed to the age-related factors
discussed above, such as increased risk-seeking and ongoing brain maturation. Additionally,
interpreted within the pathways model, men and boys would thus be exposed to longer
periods of behavioral conditioning which also facilitates disordered gambling development
(Blaszczynski & Nower, 2002).

While disordered gambling is more prevalent among men compared to women overall,
there is more nuance to sex and gender differences in disordered gambling. In addition to
having a later gambling onset, women typically progress faster from gambling onset to
disordered gambling compared to men (e.g., Gonzalez-Ortega et al., 2013; Grant et al., 2012;
Ronzitti et al., 2016). This effect of accelerated progression from starting a potentially
addictive behavior to developing an addiction has been termed ‘telescoping’. It is currently
unknown what causes this effect, although several potential explanations have been suggested
and some have been evaluated empirically (Zakiniaeiz et al., 2017). The telescoping effect
could be caused by unique gambling motivations, comorbidity, gambling type preference, or
social norms affecting women that gamble.

Women are more motivated to gamble to escape negative emotional states compared
to men, a type of motivation which is associated with more disordered gambling compared to
other gambling motivations (Sacco et al., 2011). Further, this type of gambling motivation
might be facilitated by comorbid mood and anxiety disorders, which appears more frequently
among women compared to men (Blanco et al., 2006; Desai & Potenza, 2008). Alternatively,
women might develop disordered gambling because of their preference for EGMs, a type of
gambling associated with higher rates of disordered gambling compared to other gambling

types (Blanco et al., 2006; Dowling et al., 2005; Leino et al., 2015). However, the telescoping
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effect has been observed when controlling for both psychiatric comorbidity and game type
preference (Grant et al., 2012).

Social norms can also influence women to start gambling later in life, although this
does not explain the accelerated progression following gambling debut. The gender difference
in gambling onset appears to be changing, however, which could mean that gender differences
in disordered gambling could also shrink in the future, including the telescoping effect.
Gambling onset appears to be influenced by social norms; the gender gap in gambling onset
has been shortening in more recent birth cohorts alongside increasing public acceptance of
girls and women gambling (Richmond-Rakerd et al., 2013). Indeed, the understanding of
gambling and disordered gambling among girls and women should consider broader theories
of gender differences and similarities. For example, sociocultural theory posits that gender
differences are ultimately driven by historic division of labor, emphasizing both biological
and cultural determinants. Women have traditionally taken roles that emphasize nurture and
relationships, while men have had access to more power and wealth that enabled increased
access and expectation of agency (Hyde, 2014; Wood & Eagly, 2012). The tendency for
women to have higher neuroticism and rates of mood and anxiety disorders than men, may be
understood because of women’s lack of power. Women risk social costs by showing
dominance/increased agency as it runs counter to gender norms. Neuroticism could then
reinforce a tendency for emotion regulation motivation in gambling and thus faster
progression to disordered gambling. Differences in division of labor, notably lower income
among women, could also explain the telescoping effect as women have less money to lose
and thus faster experience the negative consequences of gambling (Brown & Coventry, 1997).
Heritability studies of disordered gambling suggest a larger impact from environmental
factors for women compared to men (Xuan et al., 2017), attesting to a stronger role played by

external factors, possibly including gender related norms and wage gap.
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Studies on gender and disordered gambling mostly include gender as a control in
multivariate analyses, rather than an attempt to understand disordered gambling through a
gender perspective (McCarthy et al., 2019). The research on the telescoping effect and
associated proposed explanations represents an exception to this (Zakiniaeiz et al., 2017).
However, there are still limitations regarding research on the telescoping effect. Most studies
on telescoping have used clinical samples, and individuals seeking treatment for gambling
problems represent a unique population characterized by more severe gambling problems
(Loy et al., 2018). Notably, one study based on a general population sample did not find
support for the telescoping effect (Slutske et al., 2015). Previous studies have also relied on
participants’ retroactive recall of gambling onset and disordered gambling development,
rather than prospectively following participants. Finally, one previous study has also
suggested that differences in progression time from gambling onset to disordered gambling
was due to age differences at gambling onset rather than gender itself, as the gender
differences disappeared when controlling for age at gambling onset (Nelson et al., 2006).

Like with age, there is gender-related variation in gambling type preference and
taking this into account might nuance the understanding of gender and disordered gambling.
Women show stronger preference for EGM gambling compared to men, and disordered
gambling among women have been found to be associated with their engagement with EGMs
in particular (Baggio et al., 2018; Husky et al., 2015). Gender differences should be examined
in relation to specific gambling type populations, both alone and in interaction with age (as

this is another predictor of gambling preference, as reviewed above).

1.4.3 Marital status

Individuals with disordered gambling are more likely to be single or divorced, which has been
suggested to be due to the relationship harm that disordered gambling can cause (Allami et al.,

2021; Black et al., 2012; Kalischuk et al., 2006). Indeed, disordered gambling is defined in
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part by gambling causing relational difficulties, reflected for instance in the GD criteria of
concealment of gambling involvement, jeopardizing or losing relationships because of
gambling, and using others to fund gambling (American Psychiatric Association, 2013).

Knowing someone with disordered gambling, being a concerned significant other
(CSO0), is relatively common. One Finnish general population survey found that 19.3% of
participants could be classified as CSOs, with more than half of these reporting experiencing
harms themselves due to that other person’s disordered gambling, including worry, emotional
distress, and interpersonal problems (Salonen et al., 2016). Spouses and family members
typically report the most distress as CSOs and relationship difficulties are associated with
severity of gambling problems (Dowling et al., 2014; Hodgins et al., 2007; Salonen et al.,
2016). Prolonged disordered gambling is associated with higher risk for divorce among
spouses (Svensson et al., 2013).

The understanding that disordered gambling increases the risk for relationship
difficulties or divorce reflects an idea of mental health influencing marital status. This
understanding is inherent when researching and providing treatment for partners/spouses of
those with disordered gambling (i.e., targeting CSOs as such). Alternatively, one can examine
how marital status influences mental health. Using risk factor terminology, this is the
difference between disordered gambling being a risk factor for marital status and marital
status being a risk factor for disordered gambling. There appears to be a lack of studies taking
the latter approach to studying marital status and disordered gambling, such as by studying if
divorce increases the risk for disordered gambling. However, these ways of understanding the
relationship between marital status and mental health appear more commonly within the
literature that covers psychopathology broadly (Amato, 2000; Whisman et al., 2022). Within
such models, divorce is understood as causing short-term negative impact on mental health as

an acute stressor (a ‘crisis model’) and/or long-term negative impact on mental health by
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divorce leading to deprivation of the social, psychological, or material resources associated
with marriage (a ‘resource model’; Amato, 2000; Raley & Sweeney, 2020; Whisman et al.,
2022). Relatedly then, marriage also holds implication for mental health, but rather in the way
of being a potential protective factor.

Marriage is associated with better physical and mental health, including reduced risk
for future alcohol use disorder (Hsu & Barrett, 2020; Kendler et al., 2016; Kiecolt-Glaser,
2018; Leonard & Rothbard, 1999). It has not been investigated whether marriage confers a
similar protective effect against disordered gambling, although this appears plausible.
Marriage constitutes a structural indicator of social connection, indicating that on average,
marriage provides individuals with opportunities to connect with others emotionally, socially,
and physically (Holt-Lunstad, 2018). This may buffer against disordered gambling
development: Lack of social support has been shown to be associated with more severe
gambling problems (Petry & Weiss, 2009). Further, loneliness has been found to mediate the
positive association between being unmarried/divorced and disordered gambling among men
(Botterill et al., 2016). The pathways model also posits that gambling to regulate mood states
is a pathway towards disordered gambling development, of which marriage can provide an
alternative source for coping resources and might make the individual less emotionally
vulnerable overall (Blaszczynski & Nower, 2002; Nower et al., 2022). It should be noted that
in cases of severe marital discord, marriage can have deleterious effects on mental health and
divorce can result in improved well-being (Bourassa et al., 2015; Gustavson et al., 2014).
Positive effects of marriage can stem from what is termed positive social control which
includes using positive reinforcement and modeling to encourage healthy behaviors and
discourage less risky behaviors (such as gambling), while avoiding the use of pressuring and

restriction (Craddock et al., 2015).
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Currently, the study of marital status and disordered gambling face several limitations.
Associations between marital status such as divorce and disordered gambling are mostly
based on cross-sectional studies that makes it impossible to conclude on directionality (Allami
et al., 2021). When causality is assumed, it is predominantly based on spouses and partners
self-reporting that they experience relationship discord and divorce because of their partners
disordered gambling (e.g., Jeffrey et al., 2019; Lorenz & Yaffee, 1988). While this is very
likely given the nature of disordered gambling, longitudinal studies could increase our
knowledge of the magnitude of effects and provide more nuance to the trajectories of
gambling harm and changes in marital status. Further, there is a need to examine the reverse
route of influence as well, the potential association between marital status and future risk for
disordered gambling. As reviewed above, this type of influence (i.e., marital status
influencing mental health) has garnered empirical support among studies on psychopathology
broadly. Thus, it appears plausible that one will observe similar effects for disordered
gambling. Finally, as most studies on marital status and disordered gambling are based on
general population surveys, the current knowledge base concerns individuals with less severe
disordered gambling. Groups of individuals with moderate gambling risk and problem
gambling are often collapsed to increase statistical power in such studies, and studies that
include people with the more severe GD diagnosis are typically limited to small studies with

convenience samples (Black et al., 2012).

1.5 Registry data and gambling

A registry can be defined as a “systematic collection of unit-level data organized in
such a way that updating is possible” (United Nations Economic Commission for Europe,
2007, p. 15). Registries should have (near) complete data on a target population based on

predefined rules. One example would be all individuals who have been in contact with
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Norwegian specialist health services (Bakken et al., 2020). The unit must be uniquely
identified. Identification is typically done by a unique person identification number, although
a combination of other personally identifiable information may suffice (United Nations
Economic Commission for Europe, 2007). Registry data can also be termed archival data,
which includes any type of data that has been stored for purposes other than academic
research (Heng et al., 2018). As such, behavioral tracking data in gambling, which is objective
records of gambling behavior may also be seen as a form of registry/archival data.

Registry data allows for investigation of a whole population rather than a sample of
said population. There are several strengths to using registry data in epidemiological research
(Thygesen & Ersbell, 2014). The high number of participants provides high statistical power.
Access to complete populations can be especially valuable when the exposure factor or
outcome of interest is rare. There is no selection bias, all participants in the target population
are included. Further, there is often no recall bias as information is often collected
independent of the individual. Registries typically allow for very long follow-up times which
makes it possible to identify any relationships where the effect of the exposure factor
manifests itself after a long time. Some limitations are also typical of registry data, however
(Thygesen & Ersbell, 2014). Registries can lack information needed to investigate specific
study aims, typically because the primary aim of the registry is not to aid research. For
instance: A researcher might be interested in investigating the role of marital status in relation
to some illness/disease. The FD-Trygd registry is handled by Statistics Norway and contains
detailed information about marital status/changes including marriage, divorce, and
widowhood, but not cohabitation status which researchers could also be interested in
(Statistics Norway, 2021). This is not a limitation of the registry itself because the variables
are included in the registry based on relevance to judicial law, more specifically The Marriage

Act (1991), rather than research aims. Lack of specific variables could also lead to issues of
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confounding— the observed relationship between exposure and outcome can be partly or
fully explained by another set of variables not available (Schneeweiss et al., 2005). Issues of
data quality may arise such as lower completeness or missingness which may bias results.
Completeness refers to the extent that the relevant information has actually been reported to
the registry (Bakken et al., 2020). Missingness in registry studies can be hard to interpret in
some cases, it could reflect true missingness or convey specific information (Thygesen &
Ersbell, 2014). Finally, data availability is naturally restricted to the start of the registry
leading to left truncation. Failure to account for this can lead to issues such as immortal time

bias in survival analysis, for example (Shariff et al., 2008).

1.5.1 Behavioral tracking data and the identification of
disordered gambling

There have been several lines of research within the gambling field to identify
behavioral patterns that can indicate risky and disordered gambling (Delfabbro et al., 2012).
Such indicators are useful in circumstances where more direct assessment of disordered
gambling is unavailable. Categorical conceptualizations of disordered gambling, including
GD and problem gambling, is typically assessed through clinical interviews based on
diagnostic criteria or screening instruments such as the PGSI (Ferris & Wynne, 2001).
Alternative methods based on behavioral indicators include self-report of gambling behavior,
observations in land-based venues, and, especially in more recent times, objective data on
gambling behavior which is termed behavioral tracking data (Delfabbro et al., 2012;
Gainsbury, 2011). Behavioral tracking data can be seen as a type of registry data and
identifying behavioral indicators for risky and disordered gambling can aid health
professionals and gambling operators to prevent or intervene with the development of
gambling problems and associated harms (Auer et al., 2021). Notably, established indicators

can also be used to further understand different groups/factors associated with risky and
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disordered gambling, such as age, gender, game type and personality (Boldero et al., 2010;
Dufour et al., 2015; Lloyd et al., 2010; Tackett et al., 2015).

Behavioral tracking data has been used in several studies aiming to identify risky and
disordered gambling (Adami et al., 2013; Braverman & Shaffer, 2012; Dragicevic et al.,
2011; Philander, 2014). One strength with behavioral tracking data is that it is not subject to
failures in recall or social desirability bias, in contrast to self-report data. In terms of self-
report data gamblers have been shown to overestimate their wins or underestimate their
losses, and this tendency is greater among those with higher losses and self-reported gambling
problem (Auer & Griffiths, 2017; Braverman et al., 2014). Furthermore, behavioral tracking
data is ecologically valid as they are collected from real-world gambling contexts in a non-
invasive manner. Further, behavioral tracking datasets are typically large (e.g., n > 20,000)
and include detailed information regarding gambling behavior such as play duration, deposits,
and wagers. Collected over time, behavioral tracking data allows for rich analysis of change.

One line of research using behavioral tracking data has attempted to predict risky and
disordered gambling by combinations of different gambling behavior variables. Braverman
and Shaffer (2012) conducted an influential study using behavioral tracking data of online
sports-bettors who ended up closing their account within a 2-year period with a provided
reason. The authors used theoretically informed measures of risky gambling behavior
examined during participants’ first 30 days of play; including frequency (total number of
active days gambling), gambling intensity (total number of bets divided by frequency),
variability (standard deviation of wagers), and trajectory (increasing/decreasing bets for first
month). They identified four clusters of gamblers through k-clustering technique. Among
these clusters, there was one cluster exhibiting low values on all risk indicators and one
cluster exhibiting positive values on all risk indicators—reflecting groups of low and high-

risk players respectively. Notably, gamblers that self-excluded due to self-perceived gambling
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problems were overrepresented within the high-risk group, supporting the notion that these
gambling patterns were associated with (self-reported) gambling problems.

The study by Braverman and Shaffer (2012) influenced several subsequent studies
predicting self-exclusion using behavioral tracking data (Adami et al., 2013; Dragicevic et al.,
2011; Philander, 2014). Dragicevic et al. (2011) also applied k-clustering and the same
behavioral indicators, examining gambling patterns among a sample of casino gamblers. Their
results revealed four clusters, although the clusters did not differentiate in the clear manner
found by Braverman and Shaffer (2012). Adami et al. (2013) relied upon the same data-set
and statistical technique as Braverman and Shaffer (2012), seeking to replicate their findings
while also expanding on them by including two new indicators that may aid in the
identification of disordered gambling. This included the “saw-tooth” marker and a marker of
number of game types engaged in. A “saw-tooth” pattern consists of alternating between
increasing wager sizes and the rapidly dropping them, suggesting that the gamblers exceeded
their economic ability and were forced to restrict their own gambling behavior, indicating a
form of over-involvement and loss of control. The authors replicated Braverman and Shaffer
(2012) high-risk cluster with positive values on the original markers and they conducted a
precision-recall curve for segmenting gamblers according to risk categories that indicated that
the added markers provided greater detection of problem gamblers. Philander (2014)
investigated the same data, while varying regression and classification approaches and found
that artificial neural networks performed the best out of nine different analytic approaches.
More recently, Ukhov et al. (2021) found support for a predictive model with 40 explanatory
variables including demographic information such as age and gender, and numerous gambling
behavior variables (gambling frequency, size of deposits etc.) to predict self-exclusion due to

self-perceived gambling problems among casino and sports bettors.
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Common behavioral indicators for risky and disordered gambling have also failed to
receive support in some studies, including gambling frequency (Dragicevic, Percy, Kudic, &
Parke, 2015; Gray, LaPlante, & Shaffer, 2012) and gambling involvement, the latter being a
measure of number of different types of games played during a given period (Dragicevic et
al., 2015). Different results may emerge as different studies assess different game types and
populations of gamblers (Chagas & Gomes, 2017). Consequently, researchers may currently
benefit from including several behavioral indicators when assessing risky and disordered
gambling.

In terms of different analytic approaches underlying the identification process,
machine learning approaches such as artificial neural networks may perform well in a
predictive sense, but the resulting models can be harder to interpret. That is, harder to explain
how and to what degree different variables contribute to identifying risky and disordered
gambling (Ukhov et al., 2021). This may not concern those looking for reliable identification
to aid in responsible gambling measures. However, researchers may be interested in theory
building and being able to explain how different risk factors contribute to risky and disordered
gambling. Regression-based approaches may fit better in these latter cases as they are easier
to interpret.

Most of the studies reviewed above relied on access to many variables, but there is
arguably a benefit to be able to approximate risky and disordered gambling by a single
variable. The tradeoff to accuracy may be offset by ease of interpretation and convenience.
Limit setting behavior represents one such possibility. Gamblers are sometimes being offered
to control their gambling behavior by setting limits for time and money spent (Delfabbro &
King, 2021). Limits can be personal and independent, or they may be tied to a specific
gambling product/gambling provider. The limits can be voluntary by the gambler or

mandatory limits set by the provider. For instance, Multix has mandatory daily loss limits of
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650 NOK (10 NOK = 1 €) and monthly loss limits of 2700 NOK. Gamblers may also enforce
voluntary loss limits below the mandatory ones.

Lalande and Ladouceur (2011) studied the personal limit-setting behavior of
disordered and non-disordered EGM gamblers. They found that most of the gamblers,
regardless of disordered status, reported setting personal loss limits for themselves before
beginning an EGM gambling session. However, disordered gamblers set higher loss limits
relative to their income and were also more likely to exceed their own limits. The disordered
gamblers were also more likely to be dependent on external measures such as the gambling
venue closing or depleting all their funds to stop a gambling session. The authors suggest that
limit setting behavior can act as a measure of (lack of) self-control and thus be informative of
disordered status.

Self-exclusion can be understood as another “red flag” for disordered gambling. The
option to self-exclude from gambling operators has become increasingly available in recent
years — a study of 50 different online gambling sites found that 86% provided the option to
do so (Bonello & Griffiths, 2017). Voluntary self-exclusion has been used as an indicator of
disordered gambling (Haefeli et al., 2011; Haeusler, 2016). Other behavioral indicators for
disordered gambling have also been evaluated/validated against it (as discussed previously).
A key limitation to self-exclusion as an indicator of disordered gambling is the fact that
gamblers may choose to self-exclude from gambling operators for reasons other than
experiencing gambling problems, such as annoyance with a gambling operator (Hayer &
Meyer, 2011). Catania and Griffiths (2021) found that most online gamblers that chose to
self-exclude did so within 7 days and had minimal gambling activity at the gambling site in
question. Individuals that self-excluded due to gambling problems had markedly higher

expenditure. This suggests that gamblers that choose to voluntary self-exclude themselves
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constitute a heterogeneous group and self-exclusion should be traced to (self-perceived)
gambling problems or high spending to be a reliable indicator of disordered gambling.

Monetary expenditure, as well as wins and losses by extension, reflect key features of
gambling. These features are also types of gambling activity that can be associated with risky
and disordered gambling. Financial harm is the most prevalent type of harm resulting from
gambling (Browne & Rockloff, 2018) and continued gambling involvement despite
substantial financial losses is reflective of disordered gambling (Potenza et al., 2019). Money
lost due to gambling has been found to be positively associated with disordered gambling
(Fiedler et al., 2019). It follows from this that measures of monetary expenditure and/or
money lost can be used as a proxy for risky and disordered gambling. However, measures of
losses are influenced by individual extreme win/loss events which could biases analyses that
focus on aggregate measures and group level data. Analyzing money spent can serve as an
alternative, but this approach can be limited by the fact that house advantage differs across
games (i.e., the size of bets can result in substantially different losses/wins depending on
which game is played) which can distort aggregate measures.

Theoretical loss reflects the risk propensity that a person takes when gambling and has
been argued by Auer and Griffiths (2014) to be the most robust and stable measure of
gambling intensity. Theoretical loss is calculated as a product of total bet size and house
advantage, specific to each game type. Theoretical loss addresses limitations associated with
the impact of extreme individual win/loss events and house advantage differences between
games impact on group level data and aggregate measures. Further, in cases of one or a few
bets, theoretical loss reflects the level of risk the individual is willing to take independent of
the actual win or loss result. Individuals’ propensity for risk taking is arguably more relevant
for research into disordered gambling rather than win or loss itself, which is a result of chance

to a varying degree. Gamblers have for example been classified as high-risk gamblers by
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belonging to the group with the 10% (Auer & Griffiths, 2013) or the 0.5% highest theoretical
loss (Jonsson et al., 2019, 2020). Interestingly, there does not appear to be any studies that
have demonstrated a direct positive association between theoretical loss and disordered
gambling, a point of criticism that has been raised by others as well (Tom & Shaffer, 2016).
Such a link appears plausible, however, given that research support the association between
money spent on gambling broadly and disordered gambling (Fiedler et al., 2019).

Finally, it is important to note that behavioral tracking data in addition to its strengths,
also has key limitations that should be acknowledged when evaluating this type of research,
including the uncertainty regarding the usefulness of certain behavioral indicators as proxies
for disordered gambling (Griffiths, 2014). Researchers using behavioral tracking data can
only study participants’ gambling behavior on the gambling site/operator they have access to,
typically one or a few. Participants may however gamble at several gambling sites/operators,
leading to issues of representativeness. Furthermore, gamblers may also share their player
card with others which can confound analyses that assume independence. Often when using
behavioral tracking data one might also lack accompanying information that has been shown
to relate to disordered gambling, including data on personality traits, demographic
information, income, other risky behaviors (e.g., drinking and smoking), and cognitive
variables (Johansson, Grant, Kim, Odlaug, & Gd&testam, 2009). Behavioral indicators for
disordered gambling might be moderated by these variables as well. Research using self-
report data has its own set of limitations, but this type of research avoids some of the
mentioned limitations in behavioral tracking data research. Participants may report on total
gambling across all gambling sites and land-based venues, as well as provide additional
information on variables such as personality and demographics. Consequently, the emergence
of behavioral tracking data with all its benefits does not preclude the continued usefulness of

research using self-report data.
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1.5.2 The Norwegian Patient Registry (NPR)

The Norwegian Patient Registry (NPR) is one of several national health registries in
Norway tracking individuals’ contact with public specialist health services (Bakken et al.,
2020; Health data, n.d.). The main goal of the registry is to aid administration and quality
control of specialist health services, including financing (Norwegian patient registry
regulation, 2007). Additionally, the registry should enable health research that may facilitate
the understanding of health services, treatment effect, illness diagnosis, illness etiology,
illness epidemiology, illness prevalence, illness development, and preventive interventions.
The registry has included personal identification numbers (PIN) since 2008 which enables
linking with other national registries at the individual level. As of 2018, there had been over
200 articles published based on data from the NPR with the rate of published articles
increasing yearly (Bakken et al., 2020). The psychiatric diagnosis in NPR that reflects
gambling disorder is the ICD-10 code F63.0 for pathological gambling (World Health
Organization, 1993). Patients mainly receive this diagnosis through their contact with mental
health care sectors and within specialized interdisciplinary addiction treatment. Data that has
been registered at these institutions also include information such as referral type (treatment,
assessment etc.), place of referral, patient ability to consent, waiting time before treatment
was started and more (Health data, n.d.).

Access to diagnostic data from NPR allows for access to a large population of
nationally representative treatment-seeking individuals with GD. As discussed in section
1.4.3, general population studies often include moderate risk categories and studies that do
include GD are typically small and lack representativeness. Previously, studies using Nordic
health registry data on GD have found that between 15% (Norway) and 25% (Sweden) of
treatment-seekers with GD also suffer from comorbid substance use disorders, psychiatric

comorbidity is more common among women with GD, and suicide is leading cause of death
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among individuals with GD (Hakansson et al., 2018; Karlsson & Héakansson, 2018; Pallesen
et al., 2019). However, there are also limitations to using health registry data (beyond the
general limitations to registry data covered in section 1.5). Notably, findings will be limited to
the far end of the disordered gambling spectrum with reduced generalizability of findings
beyond this selective group. Treatment-seekers with GD have been found to have more severe
disordered gambling, more comorbidity, financial harms from gambling, and relationship
difficulties compared to individuals with disordered gambling in the general population (Loy
et al., 2018). Further, any errors or biases present in the health registry will affect validity of
resulting health registry studies. Data quality and accuracy is estimated to be high for NPR,
although errors are more likely when researchers rely upon specific diagnostic codes rather
than broader groups of related diagnostic codes (Bakken et al., 2020). This can also affect
research on GD based on NPR data (which relies on the F63.0 code specifically). For
example, inaccuracy can emerge because Norwegian clinicians also use the diagnostic code
F63.0 for gaming disorder because there is currently no separate code for gaming disorder

(Torvund et al., 2018).

1.5.3 National Welfare Database
The National Welfare Database registry ([Forlepsdatabasen Trygd, FD-Trygd]) stores data

about work status, social benefits, and demographic information. Examples include
information on whether the individual is receiving child benefits, retirement pension, or has
employment-seeking status (Statistics Norway, 2021). Demographic information includes
such variables as age and gender (based on an individual's birth number), citizenship,
municipality, and marital status. Information is registered on all persons that are classified as
“residents” which is defined as having provisional or permanent residence permit in Norway
and that the individual is planning on staying in Norway for at least 6 months (Espeland et al.,

2013).
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The FD-Trygd registry has been used in combination with other national registries and
surveys to study the relationship between health and factors such as welfare benefits, income,
and marital status. For instance, such studies have demonstrated that psychiatric illness is a
more common cause of disability benefits compared to somatic illness, that lower income
levels are associated with increased risk for cancer, and that unmarried status and being
divorced is associated with increased risk for suicide (Larsen et al., 2020; Mykletun &

@verland, 2010; Qien-Bdegaard et al., 2021).

1.6 Aims

1.6.1 Overall thesis aim

The current literature review indicates that previous studies have revealed much about the
relationship between risky and disordered gambling and sociodemographic variables such as
age, gender, and marital status. However, several knowledge gaps remain to be addressed.
There is currently a dearth of studies combining wide age ranges and longer time spans
meaning there is limited knowledge about how trends in risky and disordered gambling might
vary between age groups over time. In the case of the telescoping effect, there is a need for
prospective studies on non-clinical samples. For marital status, there is a need for studies
examining the directionality between disordered gambling and marital status, and for studies
including clinical samples.

The use of registry data, including health/social registries and behavioral tracking data,
carries with it unique strengths that can also benefit the study of these sociodemographic risk
factors of risky and disordered gambling. Notably, the automatic and non-invasive data
collection makes it possible to avoid non-response or biases in self-report. This ensures
objective reporting of gambling behavior across levels of gambling activity and for different

demographic groups. This is important as previous research suggests people with disordered
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gambling are more likely to overestimate their wins and underestimate their losses (Auer &
Griffiths, 2017; Braverman et al., 2014). Some studies also indicate that men and younger
individuals have been less likely to respond to gambling surveys, meaning inferences about
men and younger individuals from survey studies could have some inherent biases (Fridberg
& Birkelund, 2016; Pallesen et al., 2020; Scholes et al., 2008).

This thesis predominantly focuses on EGM gamblers, making use of a population
dataset on Norsk Tipping’s Multix players (Study 1 and 2). EGMs are consistently associated
with higher levels of disordered gambling compared to other gambling types which
underscores the importance of better understanding the role of age and gender among
individuals playing EGMs (Allami et al., 2021; Dowling et al., 2005). The findings from
Study 3 are not limited to EGM gamblers as that study made use of NPR data on all adults
receiving GD diagnosis in a specific period regardless of game type participation.

The main aim of this thesis is to extend the understanding of age, gender, and marital
status as risk factors for risky and disordered gambling. A secondary aim is to evaluate the
benefits and limitations of using registry data for achieving the aims of the three studies. It
should be clarified that the thesis does not aim to evaluate the use of registry data in general
(e.g., how accurate behavioral tracking data is in predicting risky and disordered gambling,

degree of errors in health registry data on GD, etc.).

1.6.2 Aim of Study 1

Study 1 used behavioral tracking data to investigate annual trends in theoretical loss (a
measure of risk propensity in gambling) for a population of 195,318 Multix EGM players.
The study aimed to assess how theoretical loss varied by age and gender groups. The study
was guided by a public health approach in that it investigated a wider spectrum of theoretical
loss, including the low (25" percentile), medium (50" percentile), and high (90" percentile)

parts of the theoretical loss distribution. The latter end of the disordered gambling continuum
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is associated with the most severe harms, but the early and middle parts are associated with
the most harm on aggregate, hence it was deemed important to examine the role of age and
gender across wide levels of gambling (Browne & Rockloff, 2018; Canale et al., 2016). The
direction or strength of the association between age or gender and theoretical loss could also
differ at various quantiles, which is ultimately relevant for targeting of prevention efforts
(e.g., if gender variation is greater at 90 percentile theoretical loss compared to 50
percentile theoretical loss, then tailoring interventions for gender is more important among

high-intensity gamblers compared to average-intensity gamblers).

1.6.3 Aim of Study 2

Study 2 used the same behavioral tracking data set as Study 1 to investigate a specific gender-
related topic within risky and disordered gambling development—the telescoping effect. Age
at first month gambling on Multix and time from first month gambling on Multix to meeting
first monthly loss limit was investigated and related to gender and age groups. In line with the
telescoping effect, it was hypothesized that women would be older when they started
gambling on Multix and show shorter time between gambling onset and meeting loss limit
(the proxy measure for disordered gambling). An interaction effect of age groups on this time-

to-event measure was also investigated.

1.6.4 Aim of Study 3

Study 3 used health registry data to investigate how transitions in marital status were
associated with risk for future GD diagnosis. The aim was to investigate if transitioning from
being unmarried to married was associated with reduced odds for future GD, and to
investigate if transitioning from being married to divorced was associated with increased odds
for GD. The study also investigated if individuals that would go on to receive GD were more

likely to be unmarried or divorced at baseline when compared to individuals that had
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previously received a somatic or psychiatric diagnosis, or were sampled from the general

population.
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2. Methods

2.1 Measures
2.1.1 Measures of Study 1 and Study 2

Study 1 and Study 2 utilized the same behavioral tracking dataset which comprises the
population of Norsk Tipping Multix EGM players from March 2013 to December 2018. In
2009 registered play was made mandatory for all Norsk Tipping products, excluding paper-
based scratch cards. Customers are required to use a personalized player card which is linked

to national identity numbers, which enables complete records of gambling behavior.
Age and gender

Age and gender information was based on information from Norsk Tipping which in
turn collects this from customers’ national identity numbers. Gender is coded based on sex
assigned at birth, although individuals can legally change this to reflect their gender identity
from age 16 onwards. The gender change will be reflected in their new national identity

number.
Proxy for risky and disordered gambling in Study 1

The main proxy measure of disordered gambling in Study 1 was theoretical loss
(stated in NOK). Individuals’ monthly bet amount was available for each of the 33 to 44
different Multix games that were available between 2013 and 2018. Norsk Tipping provided
information on house advantage associated with each game, based on optimal play or average
house advantage when optimal play was unknown (games that involved a skill-element).
Theoretical loss was then calculated by multiplying game-specific bet amount with game-

specific house advantage (Auer et al., 2012). Theoretical loss was adjusted for inflation up to
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the average 2021 NOK value'. The choice of theoretical loss as a proxy is based on studies
consistently observing a positive association between gambling expenditure/losses and
disordered gambling/gambling harm (Braverman & Shaffer, 2012; Deng et al., 2021; Fiedler
et al.,, 2019; Gronroos et al., 2021). Theoretical loss reflects gambling expenditure, while
simultaneously incorporating information about the risk in specific games.

A secondary proxy measure of disordered gambling (used in sensitivity analyses, see
below) was days played on Multix (gambling frequency). Days played have been found to
have a positive association with disordered gambling (Braverman & Shaffer, 2012; Brosowski

etal., 2021; LaPlante et al., 2014).
Proxy for risky and disordered gambling in Study 2

The proxy measure for disordered gambling in Study 2 was meeting the monthly loss
limit on Multix. Given the study aim was to assess a variant of the telescoping effect, a
categorical proxy measure was preferred instead of a continuous proxy measure such as
theoretical loss. Loss limits denote how much money can be lost to gambling before further
play is stopped for that month. There are both voluntary and mandatory loss limits, the
mandatory limit was 2,500 NOK in 2013 which was adjusted to 2,700 NOK from 2016
onwards. When starting play at Multix, players must specify a voluntary limit that is below or
equal to the mandatory limit. The choice of loss limit as a proxy measure for disordered
gambling is based on studies finding a positive association between meeting loss limits and

disordered gambling (Hing et al., 2015; Lalande & Ladouceur, 2011).
Other gambling behavior

A complete list of gambling behavior variables that were available in the Multix

dataset is contained in the appendix.

*https://www.norges-bank.no/en/topics/Statistics/Price-calculator-/.
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For Study 1, gambling behavior information also included frequency of individuals
that had participated at Multix for each study year.

For Study 2, gambling behavior also included mean/median on the following: Bet total
amount, time spent in minutes, number of sessions played, time from first active month to

first monthly loss limit.

2.1.2 Measures of Study 3
Age and gender

Age and gender information was based on national identity numbers.
Gambling disorder

Information on month and year for first GD diagnosis was based on NPR and the
diagnostic code for pathological gambling (F63.0). A survey of Norwegian clinics offering
treatment for gambling problems revealed that the most prevalent assessment tool for
gambling problems was the South Oaks Gambling Screen (SOGS) which is based on the
DSM-III criteria of pathological gambling and the National Opinion Research Center DSM-
IV Screen for Gambling Problems (NODS; Torvund et al., 2018). Thus, in practice, use of the
diagnostic code for pathological gambling is likely to be informed by an understanding of

gambling problems as reflected in the DSM system as well.
Marital status

Information on marital status was based on information from the FD-Trygd registry.
Information on marital status and/or changes from January 2008 to December 2018 was
included. The FD-Trygd registry includes the following marital statuses: Unmarried, married,
widow/widower, divorced, separated, registered partner, separated partner, divorced partner,
and surviving partner. Registered partnership between two individuals of the same sex has

been possible in Norway since 1993. More information on coding and registration of
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demographic variables in the FD-Trygd registry is available in a report by Statistics Norway
(Espeland et al., 2013). For study 3, marital status was categorized into unmarried, married

(including registered partnership), separated/divorced, and widowed.

2.2 Design and statistical procedure
2.2.1 Design and statistical procedure in Study 1

Study 1 used data on the full population of Multix players between March 2013 to
December 2018 (70 months total; n = 195,318, 26.5% women, age range 18 to 103 years [M =
40, SD = 16]) which was supplied by Norsk Tipping. All gambling behavior measures were
aggregated on a yearly level and values for 2013 were multiplied by 1.2 to better compare
2013 values to other study year values (i.e., to adjust for missing data in January and February
in 2013). Gambling expenditure was first adjusted for inflation to 2021 value before being
used in calculation of theoretical loss. Given that the study aim was to investigate how annual
trends in theoretical loss varied at the level of age groups and gender, rather than examining
how age and gender predicted individual trajectories, it was chosen to include participants in
the analyses at the time they started playing Multix during the study period (e.g., an individual
that first played Multix in 2015 was included from 2015 onwards). Age was categorized into
six groups: 18-29, 30-39, 40-49, 50-59, 60-69, and 70+. Age grouping was done to make it
easier to interpret the findings in relation to different parts of adult life and to uncover
potential non-linear effects. The broader 70+ age group was made to make this group
comparable in size to the others. Age was treated as a variable factor (i.e., individuals could
age into a new age group during the study period). The study aim informed the statistical
procedure: Quantile regression enables analyzing variation at different parts of the distribution
and providing specific estimates for predictors (Koenker & Hallock, 2001). This made it

possible to analyze age groups, gender, and years as predictors of low (25™ percentile),
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medium (50" percentile [median]), and high (90" percentile) theoretical loss. Models with
main effects only and models that included two-way interactions between predictor variables
were estimated. Quantile regression was a good fit for the aim of Study 1 because it can
handle heteroscedasticity, is robust to outliers, and can uncover non-linear effects (predictors
which have different influence at different parts of the distribution). This was important
because the distribution of gambling behavior tends to be heavily skewed and age has been
found to show stronger association with gambling expenditure at lower and higher ends of the
distribution compared to the middle (Koenker & Hallock, 2001; Roukka & Salonen, 2020).
The quantile regressions were also repeated for yearly days played as a sensitivity analysis.
Theoretical loss is a function of money spent and financial ability varies by age, thus days
played was also chosen because this variable is relatively less contingent on money (Statistics

Norway, 2023).

2.2.2 Design and statistical procedure in Study 2

Study 2 also used the population data on Multix players, but excluded participants that
would be less than 18 years old in 2013 (first study year). This decision was to accommodate
the statistical approach (see below). The analytic sample comprised » = 184,113 individuals,
27.0% women, and age ranged 18 to 103 years (M =41, SD = 16). Study aims involved
investigating the telescoping effect which is constituted by two aspects, each requiring its own
investigation. One of the aims was to investigate age differences at gambling onset between
men and women and was done by conducting a Welch two-sample 7-test comparing men and
women’s mean age at first active gambling month on Multix during the study period. The
other aim was to investigate gender variation in individuals’ time-to-event data, specifically
the time between the first active gambling month on Multix and meeting the first monthly loss
limit on Multix. This was done with Kaplan-Meier estimate of survival function and

individuals that did not meet a monthly loss limit during the study period were treated as right
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censored from their last active gambling month and onwards. The study also investigated if
gender differences in time-to-event were dependent on age (interaction effect). This was done
by conducting Cox proportional hazards regression on time-to-loss-limit and included age
groups, gender, and their interaction as predictor variables. Cox regression involves
estimating the probability of meeting a monthly loss limit within the time points in the study
period (1-70 months) given that this has not occurred at a previous time point, with
probabilities expressed as hazard ratios (HR). Age was categorized into six groups as in
Study 1 for this analysis but was also treated as a fixed variable reflecting age at first active
gambling month on Multix (meaning individuals could not age into a new age group). We
opted for a robust variant of Cox regression as there were influential outliers in the data,
although this meant age could not be treated as a variable factor (Bednarski, 1993; Minder &
Bednarski, 1996)%. Finally, a set of sensitivity analyses were conducted to account for a
potential limitation related to gambling onset on Multix. Participants could have gambled on
Multix before the study start and if the degree to which participants did so differ between age
and gender groups then this could potentially affect study conclusions. Thus, the Welch two-
sample #-test, Kaplan-Meier estimate, and Cox regression was repeated for a subsample of
participants that had their first active gambling month on Multix after month 12 or later into
the study period (n = 76,182, 28.9% women). It was assumed that this would reduce the

proportion of individuals with gambling onset on Multix before the study start.

2.2.3 Design and statistical procedure in Study 3

Study 3 used a population-based case-control design comparing individuals aged 18
years or older who received their first GD diagnosis in Norwegian specialist health services

between January 2008 and December 2018 (n = 5,121) to individuals that had previously

2 There exist solutions for adding time-varying covariates to Cox regression models which would accommodate
for aging into new age categories. However, at the time of the study, we were not able to combine these
solutions with a solution that was robust against outliers.



61

received a psychiatric or somatic diagnosis (NPR illness control, n = 27,826), or were part of
the general population (FD-Trygd general control, n = 26,695). Individuals in the GD case
group were frequency matched on age and gender characteristics for each of the control
groups. Information on psychiatric or somatic diagnoses were taken from NPR and
information on marital statuses were taken from FD-Trygd and this information was linked
using participants’ national identity number. The main study aims were to investigate (1) if
going through a divorce was associated with increased odds of future GD diagnosis compared
to remaining married, and (2) if getting married was associated with reduced odds of future
GD diagnosis compared to remaining unmarried. Additionally, potential interaction effects
between the marital status transitions and gender were examined. These main aims were
achieved by conducting unconditional logistic regressions on odds for receiving GD diagnosis
within subsamples of participants that were (1) married at baseline or (2) unmarried at
baseline. Separate logistic regressions were conducted when using each of the control groups
(illness control and general control). A two-step approach was used in which a main-effect
only model was first estimated with the predictor variables marital status transition, age, and
gender, and secondly a model including an interaction effect between gender and marital
status transition. A secondary aim of the study was to examine if there were differences in the
proportion of unmarried and separated/divorced at baseline between those who would receive
their first GD diagnosis and those do who did not (the control groups). This was examined
with chi-squared tests that compared proportions who were unmarried, married,
separated/divorced, and widowed in January 2008 between GD cases, illness controls, and

general controls.
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2.3 Ethical considerations
2.3.1 Ethical considerations in Study 1 and Study 2

Studies 1 and 2 used secondary data that was de-identified by Norsk Tipping before
access (i.e., data was made anonymous). This behavioral tracking data set constituted
customer data, not health data. While the studies involve constructing proxy measures of
disordered gambling, these indicators are approximations at the group level and do not equate
classification of GD at the individual level. Studies 1 and 2 were exempted from ethical
approval and from seeking individual informed consent in accordance with guidelines of Sikt
(previously Norwegian Centre for Research Data) for anonymous data. Norsk Tipping
ensured participant anonymity by providing each participant with a constructed (i.e., not
backwards identifiable) and unique identification number and aggregated the individual

tracking data to a monthly level.

2.3.2 Ethical considerations in Study 3
Study 3 used registry data from NPR and FD-Trygd registries and the study received

ethical approval from the Regional Committee for Medical and Health Related Research
Ethics in Western Norway (no. 30393). The data from the registries were linked and
anonymized before the authors got access to it. Informed consent from participants was not
required as is common in health registry research (Ludvigsson et al., 2015). A Data Protection
Impact Assessment (DPIA) has also been made in collaboration with the University of Bergen

and approved by the Department of Psychosocial Science, University of Bergen.
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3. Results

3.1.1 Results in Study 1

The main effects quantile regressions on 25%, 50", and 90" percentile theoretical loss
showed that belonging to older age categories and being a woman was associated with higher
yearly theoretical loss. For instance, for the 25™ percentile yearly theoretical loss, the highest
estimates were for the 70+ years age category at 500 NOK (95% CI [473, 527]) and women at
26 NOK (95% CI [23, 29]). For the 50 percentile (median) yearly theoretical loss, the
highest estimates were for the 70+ years age category at 5,280 NOK (95% CI [5,111, 5,449])
and women at 334 NOK (95% CI [302, 367]). For the 90" percentile yearly theoretical loss,
the highest estimates were for the 60-69 years age category at 15,343 NOK (95% CI [15,067,
15,620]) and women at 1,658 NOK (95% CI [1,478, 1,838]). Theoretical loss was stable or
decreased by a small amount over the study years, with year estimates 0.15 NOK (95% CI [-
0.24, 0.53]) at 25" percentile, -35 NOK (95% CI [-38, -32]) at the 50" percentile, and -1,061
NOK (95% CI[-1,109, -1,012]) at the 90" percentile.

The quantile regressions with two-way interactions on 25", 50%, and 90™ percentile
theoretical loss showed that there was an interaction effect between age categories and
gender: The positive association between age and yearly theoretical loss was stronger for men
compared to women. This can be shown by contrasting the 2013 theoretical loss estimates for
men and women at the youngest and oldest age groups, for instance. The following results are
calculated with combinations of regression estimates to aid interpretability (see Table 3 in
Paper 1 for 95% CIs of individual regression estimates). Contrasting men and women at 18-29
years: Men had theoretical loss of 20 NOK (25 percentile), 135 NOK (50 percentile), and
10,196 NOK (90" percentile). Women had theoretical loss of 47 NOK (25™ percentile), 720
NOK (50™ percentile), and 20,217 NOK (90" percentile). Contrasting men and women at 70+

years: Men had theoretical loss of 718 NOK (25" percentile), 8,068 NOK (50" percentile),
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and 30,753 NOK (90" percentile). Women had theoretical loss of 439 NOK (25" percentile),
5,687 NOK (50" percentile), and 28,957 NOK (90" percentile). Thus, women aged 18-29
years had more theoretical loss than men aged 18-29 years old, but women aged 70+ years
had less theoretical loss than men aged 70+ years.

The sensitivity analysis with quantile regressions on yearly days played showed similar
pattern of results as the quantile regressions on theoretical loss (see appendix in Paper 1),
although quantile regression was not possible for the 25™ percentile of days played because of
low variability for the predictors at that quantile. The main effects quantile regression on 50™
and 90™ percentile yearly days played showed that belonging to older age groups was
associated with more yearly days played. For example, for the 90™ percentile, the highest
estimate was for the 70+ years age category estimate at 100.92 days played. Gender was only
weakly associated with days played in the main effects models (50™ percentile women: 0.40,
90™ percentile women: -0.92). However, gender differences emerged more strongly in the
model with interaction effects (50™ percentile women estimate: 3.20 days played, 90"
percentile women estimate: 25.00 days played). The positive association between age and
yearly days played was also stronger for men compared to women. For example, at the 90"
percentile, men aged 18-29 years had 54.00 days played and women aged 18-29 years had 79
days played. Men aged 70+ had 180 days played and women aged 70+ had 139,25 days
played.

Finally, the number of individuals playing Multix during each year was examined (see
Table 1 in Paper 1). The results showed that there was a decrease in participation across the
study years. Information was only available from March onwards in 2013 (i.e., 10 months),
although the number of individuals participating on Multix in 2013 was nearly identical to the
full 2014 year (101,695 in 2013 versus 102,626 in 2014) and then decreased to 80,607

individuals in 2018 (final year). Men participated more frequently than women (For 2018:
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59,318 men versus 21,289 women) and men aged 18-29 years had the highest number

participating compared to all other gender- and age groups across all study years.

3.1.2 Results in Study 2

The results were in support of a telescoping effect for women gamblers at Multix.
Women were older than men at their first active month on Multix by a mean age difference of
6 years (Women M =46 (SD = 17), Men M =40 (SD = 15); 1(80,779) = -66.52, p < .001,
Cohen’s d = -0.36). The Kaplan-Meier survival estimate showed that the time to first monthly
loss limit met was lower for women compared to men: The median survival time was 46
months, 95% CI [45, 47], for women and 55 months, 95% CI [54, 56], for men, out of the
total 70 study months. The Cox regression showed that, when controlling for age categories,
women had a 22% higher probability (HR: 1.22, 95% CI [1.20, 1.25]) of meeting a monthly
loss limit at any time point in the study compared to men. The probability of meeting a
monthly loss limit increased with older age categories up to the 60-69 years category which
was associated with 93% higher probability (HR: 1.93, 95% CI [1.86, 2.00]) of meeting a
monthly loss limit compared to the 18-29 years category. The interaction term between age
categories and gender was statistically significant (Wald test = 3,156, 11 df, p <.001), so Cox
regressions were stratified by gender to further investigate gender as a moderator of age
category effects. The gender-stratified Cox regressions showed that the probability of meeting
a monthly loss limit among men increased with older age categories up to the 60-69 years
category which was associated with 152% higher probability (HR: 2.52, 95% CI [2.41, 2.63])
of meeting a monthly loss limit compared to the men in the 18-29 years category. The pattern
between gender and age categories was associated with smaller effects and was less linear
among women: The highest age-related probability of meeting a monthly loss limit among
women was for those 40-49 years with 15% higher probability (HR: 1.15, 95% CI [1.09,

1.22]) compared to women 18-29 years.
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The sensitivity analyses results mirrored the main analyses results. Women were older
than men at their first active month on Multix by a mean age difference of 5 years (Women M
=44 (SD =17), Men M =39 (SD = 15); #(36,260) = -43.18, p <.001, Cohen’s d = -0.36). The
Kaplan-Meier survival estimate showed that the median survival time was 36 months, 95% CI
[35, 38], for women and 47 months, 95% CI [46, 48], for men. Cox regression showed that,
when controlling for age categories, women had a 28% higher probability (HR: 1.28, 95% CI

[1.23, 1.33]) of meeting a monthly loss limit at any time point in the study compared to men.

3.1.3 Results in Study 33

The logistic regression with interaction term between gender and divorce status was
statistically insignificant using either control groups (illness control: OR = 1.11, 95% CI
[0.74, 1.66]; general control: OR = 1.15, 95% CI [0.76, 1.72]), so only results from main
effects models are presented. The results showed that going through divorce was associated
with higher odds of receiving a GD diagnosis compared to remaining married. Specifically,
those who got divorced had 2.45 (95% CI [2.06, 2.92]) times the odds of getting a GD
diagnosis in the analysis with illness controls, and 2.41 (95% CI [2.02, 2.87]) times the odds
of getting a GD diagnosis in the analysis with general controls.

The logistic regression with interaction term between gender and getting married was
also statistically insignificant using either control groups (illness control: OR = 0.91, 95% CI
[0.64, 1.27]; general control: OR = 0.80, 95% CI [0.56, 1.11]), so only results from main
effects models are presented. The results showed that getting married was associated with
reduced odds of receiving a GD diagnosis compared to remaining unmarried. Specifically,

those who got married had 0.62 (95% CI [0.55, 0.70]) times the odds of getting a GD

3 All logistic regressions were conducted as adjusted and unadjusted variants (i.e., the effect of each predictor
when controlling for other predictors versus not controlling for other predictors). The ORs were similar
between the adjusted and unadjusted analyses so only results from adjusted analyses are reported here. See
Paper 3 for details on unadjusted analyses.
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diagnosis in the analysis with illness controls, and 0.57 (95% CI [0.50, 0.64]) times the odds
of getting a GD diagnosis in the analysis with general controls.

There were statistically significant differences in the proportion of unmarried and
separated/divorced individuals at baseline between those who would receive their first GD
diagnosis and those who did not (y? [df =6, n = 59,642] = 129.61, p < .001). Being unmarried
or separated/divorced was more frequent among those that would go on to receive their first
GD diagnosis compared to the control groups. The proportion of unmarried individuals within
each group was 71.7% for those with GD, 64.1% for illness controls, and 63.0% for general
controls. The proportion of separated/divorced individuals within each group was 10.0% for

those with GD, 5.4% for illness controls, and 5.4% for general controls.
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4. Discussion

4.1 Discussion on results regarding sociodemographic
risk factors

The results from Study 1 and Study 2 contribute to our understanding of the role of age
and gender for the distribution and development of risky and disordered gambling. While
previous research indicates that younger men have the highest risk for disordered gambling
(Allami et al., 2021), the results from Study 1 suggest that the pattern between age, gender,
and risky and disordered gambling might depend on the type of gambling population
examined. Results from Study 1 show that, when using theoretical loss or days played as
proxy measures of disordered gambling, older individuals and women emerge as the most
vulnerable groups in a land-based EGM population. Further, the interaction analysis indicated
that the positive association between age and theoretical loss was stronger for men compared
to women, particularly at 90" percentile theoretical loss. The aim of Study 1 was to
investigate wider levels of gambling because gambling harm is distributed along the full
spectrum of gambling activity (Browne & Rockloff, 2018; Canale et al., 2016). If the
relationship between theoretical loss and gambling harm follows a previously found
relationship between gambling risk/gambling activity and gambling harm, then lower (25%
percentile) and average (50™ percentile) theoretical loss could be associated with the most
gambling harm overall and high theoretical loss (90™ percentile) could be associated with the
most severe types of gambling harm. The differences in the strength of association between
age and gender and theoretical loss depending on quantile examined could also hold
implications for the relationship between age, gender, and gambling harm then. Study
implications for prevention are discussed in more detail in a separate sub-section below.

Results from Study 2 contribute to the understanding of risky and disordered gambling

development. Women were older than men when they had their first active month gambling
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on Multix, and women reached their first monthly loss limit faster than men with median
difference of 9 months. This pattern of results is in line with the telescoping effect and reflects
a common observation on disordered gambling development, although previously observed
mostly in smaller clinical samples (Zakiniaeiz et al., 2017). There was also a positive
association between age and probability of meeting a monthly loss limit in Study 2. Gender-
stratified analyses revealed that this age effect mostly applied to men, indicating that women
were more homogenous across age groups compared to men (like what was found for
theoretical loss in Study 1).

The age and gender-related results in Study 1 and Study 2 can be interpreted as a
reflection of the changing gambling landscape and related to established theories on
disordered gambling. Gambling is increasingly taking place online in Norway and
internationally, and younger individuals and men appear to more frequently gamble online
(Gainsbury, 2012; Pallesen et al., 2021). Multix constitutes land-based gambling which might
be becoming less attractive for younger and male audiences. Indeed, analyses on the yearly
trends in participation on Multix showed that the player-base was becoming older across the
study years (Study 1). Men aged 18-29 had the highest number of participating players on
Multix in any given study year, but the lowest gambling intensity in any given study year as
measured by theoretical loss at 25", 50, or 90 percentiles. This shows that young men are
more likely to try Multix but less likely to continue gambling at Multix compared to other age
and gender groups. Young men seem to prefer online gambling and gambling types featuring
skill-element (e.g., sports betting, poker) which could result in this demographic concentrating
their gambling involvement on these game types and thus show less engagement with Multix
(Pallesen et al., 2021; Welte et al., 2007). While Multix features some skill-element games it
predominately contains chance games. However, men who do gamble on Multix also show a

higher preference for skill-element games compared to women (comparing proportions within
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gender categories that have >50% of their game sessions on skill-element games, see Table 1
in Paper 2). Women and older individuals share a higher preference for EGMs compared to
men and younger individuals, and land-based gambling is preferred among older individuals
(Ariyabuddhiphongs, 2012; Husky et al., 2015). For younger women such as the 18-29 age
group at Multix, the gender-related preference for EGMs might also be more important in
driving their gambling engagement compared to their youth-related preference for online
gambling, leading to particularly large differences in theoretical loss estimates between
women aged 18-29 and men aged 18-29 at 90" percentile theoretical loss.

Behavioral theory of disordered gambling emphasizes the role of reinforcement factors
in disordered gambling development and such reinforcement factors are often highlighted
when discussing the problem potential of EGMs (Griffiths & Calado, 2022; Yiicel et al.,
2018). Structural characteristics of EGMs include high event frequency, variable
reinforcement schedules, and audio-visual reinforcement (Yiicel et al., 2018). Women and
older individuals might be more likely to experience a form of vicious cycle on EGMs such as
Multix: By preferring this gambling type they are more likely to continue their engagement
which in turn leads to greater positive reinforcement. Structural characteristics within EGMs
are also postulated to promote cognitive biases (Myles et al., 2019). Previous research
confirms that structural characteristics such as higher payback percentage, higher hit
frequency, and losses disguised as wins increase gambling engagement at Multix (Leino et al.,
2015, 2016). Such behavioral learning and the consequent development and strengthening of
cognitive biases that maintain disordered gambling are common for all three pathways in the
pathways model, although feature more isolated in the first pathway that also represent most
people with disordered gambling (Nower et al., 2022). Overall then, more risky gambling
among women and older adults at Multix might be explained by factors that are in themselves

applicable to all gender and age groups (i.e., reinforcement and cognitive biases), but that
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disproportionately affect women and older individuals at Multix due to these demographic
groups’ preference for EGMs and/or land-based gambling in general.

The results from Study 2 indicated that women develop risky gambling faster than men
on Multix. This could reflect that women have overall higher gambling activity (as found in
Study 1 measured by theoretical loss), although gender differences on various gambling
activity measures such as gambling expenditure, time spent gambling, and number of
gambling sessions were small or nonexistent among those who met a monthly loss limit (see
Table 2, Paper 2). Further, there were no gender difference in setting personal loss limits
below the mandatory amount, so the results cannot be explained by women setting lower
limits. Beyond the influence of the positive reinforcement factors discussed earlier, it is
possible that women develop risky gambling faster than men because women are more likely
to gamble based on emotion regulation motivation. Gambling based on emotion regulation
can be understood as reflecting negative reinforcement factors within behavioral theory, or
alternatively the consequence of positive metacognition (belief that gambling can increase
control of worry or reduce worry) within metacognitive theory. Emotion regulation
motivation for gambling is itself associated with increased risk for disordered gambling,
although this hypothesis could not be tested directly in Study 2 (Marchica et al., 2020; Sacco
et al., 2011). In line with this thinking, women have been found to be overrepresented within
pathway two, ‘emotionally vulnerable gamblers’, in the pathways model for disordered
gambling development (Nower et al., 2022). This tendency for emotion regulation gambling
also characterizes older adults which could explain why older adults also had higher
likelihood of meeting the monthly loss limit early compared to younger adults (See Table 3,
Paper 2; Nower et al., 2022; Tirachaimongkol et al., 2010).

The results from Study 3 contribute to the understanding of marital status as a risk

factor for disordered gambling. The results indicated that getting divorced or married was
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associated with increased or decreased risk for future GD diagnosis, respectively. Previous
studies have not taken such directionality into account (Allami et al., 2021) and the results
speak to the importance of social bonds and social network history in explaining disordered
gambling risk. However, it should be noted that these results from Study 3 do not disprove
that disordered gambling can influence marital status as well, such as by disordered gambling
causing divorce. The negative impact of disordered gambling on romantic relationships is
very likely given CSOs’ own accounts and the existence of help-offerings that target such
issues specifically (Jeffrey et al., 2019). The relationship between marital status and
disordered gambling could likely be bidirectional then.

Individuals who are married will on average experience more opportunities to connect
emotionally, socially, and physically compared to people who are single/divorced/widowed
(Holt-Lundstad, 2018). Marriage has previously been found to decrease the risk for alcohol
use disorder and results from Study 3 indicates a similar ‘marriage effect’ for disordered
gambling (Kendler et al., 2016). It is unknown what causes such an effect, but two possible
explanations are that couples provide emotional support to each other and that couples
monitor and control each other’s risk behaviors (Craddock et al., 2015). Another possible
explanation emphasizes marriage as a contrast to being unmarried: Individuals who are
unmarried may have fewer social and financial obligations that would otherwise discourage
overinvolvement in gambling.

Divorce entails losing the opportunity for social connection and material support that
can result from marriage (‘resource model’), while it also constitutes a stressful life event
(“crisis model’). Poor outcomes may follow divorce when individuals experience lack of
clarity in their self-concept (i.e., not knowing who they are following the divorce), excessive
rumination, and poor sleep (Sbarra et al., 2015). Individuals who go on to develop disordered

gambling might do so because they are attempting to cope with this long-term stress. Emotion
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regulation motivation for gambling increases the risk for disordered gambling development
(Allami et al., 2017; Groupe et al., 2016).

Relational factors are emphasized within modern psychodynamic theories for
disordered gambling (Mooney et al., 2019). Disordered gambling may develop when
gambling becomes a substitute for healthy attachment to others. Individuals with addictive
disorders, including disordered gambling, have higher prevalence of insecure attachment style
which hampers the ability to establish and maintain long-lasting relationships (Flores, 2001;
Keough et al., 2018; Thorberg & Lyvers, 2006). Within this understanding, individuals who
go through a divorce might be more likely to develop disordered gambling due to an insecure
attachment style that predisposes them for both relationship dissolution and disordered
gambling. The results of Study 3 also showed that people who subsequently developed GD
had higher levels of unmarried and separated/divorce status at baseline, as well as more
marital transitions compared to the control groups (see Table 1 in Paper 3). This history with
more frequent marital dissolution and relationship instability could potentially be the result of

stable individual differences such as attachment styles.

4.2 Discussion on the use of registry data for acheiving
study aims

The current thesis makes a novel contribution to the understanding of socio-demographic risk
factors for disordered gambling by leveraging registry data. Following this, the strengths and
limitations of the individual studies also rest on the characteristics of the registry data used.
Study 1 and Study 2 made use of behavioral tracking data to investigate age and
gender in risky and disordered gambling. Behavioral tracking data on gambling can provide
detailed information on gambling behavior for many people over time and is collected in a
non-invasive manner (Griffiths, 2014). In the present studies, theoretical loss and monthly

loss limit behavior were two key variables accessed in the behavioral tracking dataset.
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Previous studies indicate that gamblers underestimate their losses when self-reporting and
more so among individuals with disordered gambling (Auer & Griffiths, 2017; Braverman et
al., 2014). This limitation was thus circumvented by using behavioral tracking data. Further,
detailed information on specific games and their associated house advantage made it possible
to incorporate information about varying risk for specific Multix * games for Study 1.

The degree to which the results from Study 1 and Study 2 can be taken to reflect age
and gender differences in risky and disordered gambling is dependent on the degree to which
theoretical loss and meeting monthly loss limits function as behavioral indicators (proxies) of
disordered gambling. Gambling expenditure and/or losses are consistently and positively
associated with disordered gambling, which can be taken to support theoretical loss as a proxy
for risky and disordered gambling (Deng et al., 2021; Dragicevic et al., 2011; Fiedler et al.,
2019; Gronroos et al., 2021). Variation in purchasing power/income likely influences the
relationship between gambling expenditure and disordered gambling at the individual level,
although this should be less impactful when focusing on larger group differences such as
those between age- and gender groups. Meeting a loss limit is a categorical measure of higher
gambling losses but can also indicate loss of control (when gambling is suspended by external
means rather than own volitional control). Studies indicate that individuals with disordered
gambling meet/exceed loss limits more than those without disordered gambling (Hing et al.,
2015; Lalande & Ladouceur, 2011; Louderback et al., 2021). The cut-off in gambling losses
for experiencing a reliable increase in risk for disordered gambling varies with income level
(Langeland et al., 2022; Louderback et al., 2021). The mandatory loss limit at Multix was
2,700 NOK from 2016 onwards and a recent Norwegian study indicated that the cut-off in
monthly losses for experiencing reliable increase in risk for disordered gambling ranged from
390 NOK for the lowest income group to 2,318 NOK for the highest income group

(Langeland et al., 2022). This suggests that meeting the mandatory loss limit at Multix is



75

associated with higher risk for disordered gambling even among individuals in higher income
groups.

Measurement and operationalization of age and gender in the current thesis reflects
how these constructs are classified in national identity numbers. Gender operationalization
reflected legal gender (see section 2.1.1 “Age and gender”). Individuals can legally change
their gender but must choose among binary categories (man and woman) and no information
was available on gender change frequency in the current studies. This ultimately meant that
gender change and transgender- and non-binary gender identification could not be considered.
There is some indication that transgender and gender diverse individuals experience higher
rates of disordered gambling and a full understanding of the role of gender in disordered
gambling requires studies that can take into account a more inclusive gender definition (Rider
et al., 2019). While classification is more straightforward for age, the reliance on registry data
poses another challenge: The inability to identify illegal underage gambling. Gambling at
Norsk Tipping (excluding paper-based scratch cards) must be registered, and the individual
must be over 18 years. This means that any underage gambling at Norsk Tipping requires that
the adolescent/child in question has access to someone else’s player card. Norsk Tipping
confirms that there are cases of individuals illegally using others player cards although it is
uncertain to what degree this happens, including the degree to which underage gamblers
partake in such activity (Norsk Tipping, 2020). As such, adolescent gambling at Multix could
not be considered in Study 1 and Study 2, although results from the 18-29 years group might
be generalizable to adolescents to some degree. Emerging adulthood (age period 18-29 years)
represents a continuation of the brain maturation and social influences (e.g., identity
development, self-focus, variability in jobs and relationships) that characterize adolescence
(Arnett et al., 2014; Susssman & Arnett, 2014). Behavioral tracking data can also represent a

strength for the study of age and gender. Previous studies indicate that men and younger
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adults are less likely to respond to gambling surveys hence objective recording of gambling
behavior circumvents such issues, possibly also resulting in less bias in age- and gender
related findings (Fridberg & Birkelund, 2016; Pallesen et al., 2020; Scholes et al., 2008).

Individuals with disordered gambling in the general population and treatment-seeking
individuals differ from each other, so findings from general population gamblers (as in Study
1 and Study 2) and treatment-seekers (as in Study 3) may not fully generalize to the opposite
population group. Treatment-seekers tend to have more severe disordered gambling, more
comorbid psychopathology, relationship difficulties, and financial problems, compared to
individuals with disordered gambling in the general population (Loy et al., 2018). However,
the extent to which this constitutes a limitation should be viewed in relation to the current
knowledge base for each specific topic/research question. Study 2 examined the ‘telescoping
effect’ among general population gamblers, while previous studies have predominantly
studied treatment-seekers (Zakiniaeiz et al., 2017). Study 3 examined the association between
marital status and disordered gambling among treatment-seekers, while previous studies have
predominantly studied general population gamblers (Allami et al., 2021, Black et al., 2012).
As such, the samples utilized in each of the studies alleviate previous limitations for their
respective knowledge bases.

Study 3 utilized diagnostic data reported in the NPR. This reflects the diagnostic code
for pathological gambling in ICD-10, although clinical assessment also appears informed by
measures based on DSM-III/DSM-IV in practice (Torvund et al., 2018). There were several
strengths to using health registry data in Study 3: First, it allowed for access to a large sample
size of individuals with GD (n = 5,121) which provided sufficient statistical power to examine
more select research questions and sub-groups such as individuals transitioning from one
specific marital status to another. Secondly, date-specific registration of both diagnosis and

marital changes allowed for investigating directionality, which has previously been lacking in
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studies on marital status and disordered gambling (Allami et al., 2021; Black et al., 2012).
Thirdly, nationwide data was collected which ensures greater representativeness of treatment-
seekers compared to other studies that sample from one or a few clinical settings.

Despite the strengths of using registry data (health registry or behavioral tracking data)
in gambling research, a key limitation is the lack of information on other variables known to
be related to disordered gambling such as personality traits, cognitive variables, and risk
behaviors such as drinking and smoking (Allami et al., 2021). Inclusion of such variables
would likely have made it possible to better explain the pattern of results in the current
studies. For instance, measuring motivations for gambling would have made it possible to
examine whether women and older adults who develop risky gambling faster also report more
emotion regulation motivation for gambling. The lack of variables that cannot be inferred
from behavior can be alleviated by combining behavioral tracking data with self-report data,
but this will also introduce common limitations to self-report data (e.g., lead to reduce
samples, possible bias in response, social desirability bias, recall bias, and attrition bias). The
main strength of using registry research in gambling research seems to be the opportunity to
establish robust empirical phenomena within specific populations, which then needs to be
complemented by other methods (e.g., self-report surveys, laboratory studies, qualitative

interview studies) to reach a fuller understanding.

4.3 Implications for intervention

Study 1 and Study 2 included the full population of Multix players over a relatively long
period of time which makes it relevant to discuss practical implications of the current findings
for that specific population. Beyond this, the practical implications of Study 1 and Study 2 are

limited on their own but can become more actionable if supported by additional research.
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Specifically, if this pattern extends to other types of land-based EGMs and national settings
then this should inform prevention efforts in a broader sense.

There are two broad approaches to prevention or minimization of gambling harm: The
responsible gambling approach to gambling harm minimization and prevention emphasizes
solutions that retain individual informed choice in gambling, while the public health approach
emphasizes system level solutions (Blaszczynski et al., 2004; Latvala et al., 2019). Examples
of practices that reflect the responsible gambling approach are voluntary loss limits, voluntary
time breaks, and self-exclusion from gambling products. These practices retain individual
control but have been criticized by proponents of the public health approach as shifting
responsibility of minimizing gambling harm away from the gambling operators and over to
the individual consumer (Livingstone & Rintoul, 2020). Examples of practices that reflect the
public health approach are those acting on gambling policy, distribution of type and location
of gambling products, structural characteristics in gambling products, and mandatory limits.
Such practices facilitate safer gambler environments, rather than relying on the responses of
an individual gambler (Livingstone & Rintoul, 2020).

The introduction of Multix is itself an example of a public health intervention because
Multix was introduced to replace earlier and riskier mechanical slot machines (Rossow et al.,
2013; Rossow & Hansen, 2016). See section 1.3 for background and details surrounding these
changes. While Multix has already been involved in harm reduction intervention, it is likely
that Multix players can still experience gambling harm. Results from Study 1 showed that
individuals can have high gambling intensity at Multix with yearly theoretical loss ranging up
to 109,618 NOK* among participants, and previous research suggests that even moderate to

low expenditure/activity can be associated with gambling harm (Browne & Rockloff, 2018;

4 Actual losses at Multix are lower given this amount exceeds the amount allowed by mandatory loss limits in a
year (2700 NOK x 12 = 32,400 NOK).
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Canale et al., 2016). While theoretical loss does not equate actual losses, comparisons
between yearly theoretical loss and median income values for 2018 also show that the most
intense gamblers (90™ percentile) of men aged 70+ and women aged 70+ had theoretical
losses reflecting 8.5% and 7.4% of their income, respectively (see Paper 1 for more on this).
Further, Study 2 showed that 55,535 individuals (30% of the analytic sample) across the study
period had met at least one monthly loss limit (see Table 1, Paper 2) which places these
individuals above the cut-off for experiencing increased risk for gambling harm, even when
adjusting for higher income groups (Langeland et al., 2022).

Additional gambling harm reduction interventions for Multix players should consider
the most vulnerable groups: Older adults and women. Older adults report being exposed to
more gambling advertising in stores so reductions in store advertising, and thus subsequent
reduction in gambling activity caused by advertising, could benefit older adults particularly
well (Pallesen et al., 2020). This also considers that such advertising occurs near or at places
where Multix terminals are present. Informed by Study 2 results, player protection solutions
that incorporate behavioral tracking data could also be adjusted to weight the rate of
accelerating expenditure stronger among older adults and women when classifying disordered
gambling (i.e., incorporating the ‘telescoping effect’). There also exists empirically supported
interventions for reducing theoretical loss among individuals already experiencing (likely)
gambling harm, constituting harm minimization rather than prevention. Interventions such as
loss limit reminders (Auer et al., 2018), motivational telephone calls (Jonsson et al., 2019,
2020), and pop-up messages on responsible gambling (Auer & Griffiths, 2015, 2016) have
been shown effective. If the current findings replicate in other types of EGMs and national
settings, then similar interventions could be considered in these settings as well.

The practical implications from Study 3 results are most relevant for the clinical

context, as the study sample comprised treatment seekers. The finding suggests that clinicians
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and support groups should be aware of the risks associated with relationship break-ups and
the benefits of close relationships. Relationship dissolution and overall social network health
should thus be considered in case formulation work in therapy and these factors may even
influence relapse risk (Bonnaire & Billieux, 2022). Within a psychodynamic understanding of
disordered gambling, for instance, it is seen as crucial to resolve patients’ maladaptive
relationship patterns to ensure long-term recovery and gambling abstinence (Rosenthal,
2008). Viewing the findings in a broader perspective, the presence and quality of social
relationships buffer against psychological and physical ill-health (Holt-Lunstad, 2018; Hsu &
Barrett, 2020). Effective community-level interventions such as improving social interaction
opportunities in neighborhoods, improving social climate at the workplace, and providing
easier access to services offering family- and couples counseling such as the Family Welfare
Service, could have beneficial effects that may ultimately also reduce the risk for disordered

gambling in the population (Holt-Lunstad, 2018).

4.4 Conclusion

The current thesis presents three studies that investigate the role of sociodemographic
risk factors for risky and disordered gambling. Study 1 showed that older adults and women
had higher gambling intensity at a land-based EGM. Age-related differences in gambling
intensity were also stronger among men compared to women. Study 2 indicated a ‘telescoping
effect’ for women as women were older than men when first gambling on the EGM, and
women reached their first monthly loss limit faster than men. Study 3 showed that going
through divorce was associated with increased risk for future GD, and that getting married
was associated with reduced odds for future GD. The studies indicate that registry data can be

leveraged to extend knowledge about sociodemographic risk factors for risky and disordered



gambling while also alleviating common limitations in more traditional approaches such as

self-report surveys.
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Appendix

Information available in Multix dataset

DATASET TIME PERIOD

Includes full population of Multix players between March 2013 - December 2018
REGISTRY INFORMATION

ID Player ID (constructed for anonymization)

Date and year registered NT Year and month player registered at Norsk Tipping for the first
time

Date and year registered Multix Year and month player registered at Multix for the first time

(after 2010°)
DEMOGRAPHICS
Age Age in March 2013 (study start)
Gender 0 =Man; 1 = Woman. Extracted via personal identification number.
INDIVIDUAL BEHAVIOR AT SPECIFIC MULTIX GAME IN A MONTH
ID game/name Specific ID number for the game and the game name
Number of days Number of days played at a specific Multix game in a month
Number of sessions Number of sessions played at a specific Multix game in a month.

Session is defined as logging into the electronic gaming machines

Number of rounds Number of rounds played on a specific Multix game in a month.

Sum bet amount Sum amount of bets placed in NOK at specific Multix game in a
month.

Number of wins Number of wins at specific Multix game in a month.

Sum win amount Sum amount of wins in NOK at specific Multix game in a month.

Sum net amount Net amount of wins and losses in NOK at specific Multix game in a
month.

Time played Time played in seconds at a specific Multix game in a month.

GENERAL INDIVIDUAL BEHAVIOR AT MULTIX (LLE., ACROSS GAMES) IN A MONTH

Number of days Number of days played at Multix in a specific month
Number of sessions Number of sessions played at Multix in a specific month

GENERAL INDIVIDUAL BEHAVIOR AT NORSK TIPPING

5 NB: Participants could have registered/played at Multix before 2010, but information is not available prior to
2010 on this.
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Sum bet amount on Norsk Tipping

Sum amount of bets placed in NOK across all Norsk Tipping

products (including Multix) at month active on Multix.

LOSS LIMIT BEHAVIOR AT MULTIX

Personally set daily loss limit

Times met personal daily loss limit

month.

Times met obligatory daily loss limit

Personally set monthly loss limit

Met personal monthly loss limit

Met obligatory monthly loss limit

The sum amount in NOK a person has set for maximum
allowed losses at Multix for each day.

Times met personal daily loss limit for Multix in a specific

Times met obligatory daily loss limit for Multix in a specific
month. This was set at 600 NOK until November 2016 and
650 NOK afterwards.

The sum amount in NOK a person has set for maximum
allowed losses at Multix for each month.

0 =No; 1 = Yes. Whether or not a player met the monthly
personal limit.

0 =No; 1 = Yes. Whether or not a player met the monthly
personal limit. This was 2500 NOK until November 2016 and
2700 NOK afterwards.

SELF-EXCLUSION BEHAVIOR AT MULTIX AND NORSK TIPPING

Partial self-exclusion Multix

Permanent self-exclusion Multix

Permanent self-exclusion NT

0 =No; 1 = Yes. Whether the player opted to voluntary
exclude themself from Multix between 1 and 180 days.

0 =No; 1 = Yes. Whether the player opted to voluntary
exclude themself from Multix permanently.

0 =No; 1 = Yes. Whether the player opted to voluntary
exclude themself from Norsk Tipping permanently.
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from a societal perspective, milder levels of risky gambling appear to confer the most
harm due to their higher prevalence in the population (Browne & Rockloff, 2018; Canale
et al.,, 2016). Milder levels of risky gambling can be understood as involving gambling
harms occurring in absence or with milder amounts of behavioral symptoms of problem
gambling (e.g. preoccupation, increased tolerance, loss chasing). Consequently, from
a public health perspective it is important to monitor and examine the trends of varying
levels of gambling to identify changes in gambling involvement and risky gambling
behavior over time. Such patterns may be related to well-established demographic
correlates of disordered gambling such as age and gender, leading to the implementation
of appropriate prevention efforts.

The role of age and gender in disordered gambling and gambling preference

Age and gender are robust correlates of disordered gambling (Allami et al., 2021).
Disordered gambling is more prevalent among younger compared to older individuals,
and among men compared to women. Problem gambling has been estimated to affect
between 0.12-5.8% worldwide and while demographic categorization differs between
studies there is a trend indicating more problem gambling among men compared to
women and for those aged below 30 years compared to those aged above (Calado &
Griffiths, 2016; Calado et al., 2017). Within Norway (where the present study was carried
out), 1.4% of the population has been categorized as problem gamblers (Pallesen et al.,
2020). In relation to age and gender, this comprises 1.9% for men compared to 0.8% for
women, and 1.6% for those aged below 30 years compared to 1.3% for those aged 30 and
above. Young people might be more likely to develop disordered gambling because of
a general tendency for risk-seeking behavior which itself could be affected by peer norms
and influence, identity exploration, and ongoing brain maturation (Sussman & Arnett,
2014; Volberg et al., 2010). Men also display increased impulsivity and risk-seeking
compared to women, which could partly explain men’s increased susceptibility for
disordered gambling (Gonzalez-Ortega et al., 2013).

Still, disordered gambling is also prevalent among women and older adults, which
makes it important to understand disordered gambling among these groups
(Ariyabuddhiphongs, 2012; Merkouris et al., 2016). One systematic review found that
disordered gambling among women was more strongly associated with psychological
distress, unemployment, and childhood abuse compared to disordered gambling among
men (Merkouris et al., 2016). For older adults (55+ years), unique gambling motivations
could partly explain disordered gambling within this group (Ariyabuddhiphongs, 2012;
Tse et al, 2012). Older adults are more likely to gamble to socialize and to escape
loneliness, anxiety, or depression compared to younger adults (Botterill et al., 2016;
Elton-Marshall et al.,, 2018; Parke et al., 2018). Gambling to escape loneliness might be
an especially important motive among older men (Botterill et al., 2016). Gambling to
escape shows a stronger association with disordered gambling compared to other gam-
bling motivations (Marchica et al., 2020).

Disordered gambling within genders and different age groups might be better under-
stood by considering that individuals of different ages and gender show preference for
different gambling types. For instance, young men show stronger preference for online
gambling compared to older individuals and women (Gainsbury et al., 2015; Pallesen
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et al,, 2021). Moreover, there is a stronger association between online gambling and
disordered gambling compared to land-based gambling, which in turn might partly
explain the higher prevalence of disordered gambling among young men (Allami et al.,
2021). Women have been found to have a stronger preference for non-strategic gambling
such as electronic gaming machines (EGMs) and bingo compared to men and disordered
gambling among women is typically associated with their engagement with EGMs in
some countries (Baggio et al., 2018; Husky et al., 2015; McCarthy et al., 2018).

Behavioral tracking data and markers of risky gambling

Specific forms of gambling behaviors are associated with disordered gambling, which
reflect more risky patterns of gambling (Delfabbro et al., 2012). The identification of
these patterns has been facilitated by a growing number of studies using data on actual
gambling behavior, often termed ‘behavioral tracking’ or “player-account data’ (Chagas &
Gomes, 2017; Deng et al., 2019). Behavioral tracking data are not subject to recall and
social desirability bias like self-report data (Griffiths, 2014; Shaffer et al., 2010).
Compared to these objective data, gamblers have subjectively been shown to overesti-
mate their wins and underestimate their losses, a tendency which is stronger among those
with higher losses and self-reported gambling problems (Braverman et al., 2014; M. Auer
& Griffiths, 2017).

Studies using behavioral tracking data and survey data have found that gambling
behavior can be used to predict disordered gambling or self-exclusion (which can act as
an indicator of disordered gambling) (Chagas & Gomes, 2017; Delfabbro et al., 2012;
Ukhov et al., 2021). For example, the amount of money spent/lost to gambling is one type
of behavioral indicator that has been suggested to reflect gambling intensity and pro-
pensity for risk-taking while gambling (Braverman & Shaffer, 2012; Deng et al., 2021;
Dragicevic et al., 2011; Fiedler et al., 2019; Gronroos et al., 2021). However, one limitation
with relying on money spent/lost to gambling in isolation is that individual win/loss
events (e.g. winning a large sum of money from a low stake, or losing a bet with an
unusually high stake) and differences in house advantage across games may bias the
measure. M. Auer and Griffiths (2014) argue that ‘theoretical loss’ represents one type of
measure that can account for these limitations. Theoretical loss is calculated by multi-
plying the total bet size by the house advantage specific to each game type and is a robust
and stable measure of gambling intensity. Consequently, expenditure on games with
a lower house advantage will result in lower theoretical loss and therefore lower risk
taking compared to expenditure on games with higher house advantage.

Another behavioral indicator of disordered gambling not directly contingent on money
spent is gambling frequency (e.g. number of different days played) (Braverman & Shaftfer,
2012; LaPlante et al., 2014), which cross-sectional data suggests being an especially impor-
tant predictor of disordered gambling among EGM gamblers (Brosowski et al., 2021).

The distribution of gambling behavior and utility of quantile regression

Gambling activity appears to be heavily skewed in that a minority of gamblers account for
most of the gambling activity (Deng et al., 2021; Fiedler et al., 2019; Orford et al., 2013;
Whiteford et al., 2022). For instance, it was suggested in one study that the top 20% most
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engaged gamblers account for 90% of the net losses (Deng et al., 2021). The concentration
of losses among a minority of gamblers could also suggest that highly involved gamblers
differ in other aspects such as their background variables. Quantile regression represents an
approach to studying such potential differences between gambling involvement groups by
analyzing specific parts of the distribution, dividing it into (for example) quantiles such as
the 25th, 50th [median], and 90th percentile (Koenker & Hallock, 2001). There is currently
a dearth of studies employing quantile regression to study gambling behavior (for excep-
tions, see Roukka & Salonen, 2020; Whiteford et al., 2022). Studies using regression
analyses typically rely on ordinary least squares (OLS) regression which estimates the effect
of independent variables on the mean of the dependent variable, therefore focusing on the
middle of the distribution. Such estimations may fail to generalize to other parts of the
distribution in case of non-linear effects. For instance, one study found a stronger positive
association between age and gambling expenditure at the 10th percentile and 90th percen-
tile compared to the 50th percentile (Roukka & Salonen, 2020). Quantile regression enables
investigations of such non-linear effects. Additionally, when representing the average (and
other parts of the distribution) it is robust in relation to outliers and can handle hetero-
scedasticity (Koenker & Hallock, 2001).

There are benefits to investigating gambling behavior at lower and higher ends of the
distribution. Studies have found that, in total, lower levels of risky gambling and lower
levels of expenditure are associated with the most gambling harm in the population
overall (Browne & Rockloff, 2018; Canale et al., 2016). This suggests that prevention
efforts achieve most harm reduction by prioritizing low intensity gamblers over high
intensity/disordered gamblers, what is termed the ‘prevention paradox’. However, indi-
viduals with problem gambling and high gambling expenditure are still important targets
for intervention because these groups experience the highest number of gambling harms
at the individual level, including the most severe harms. If the direction or strength of
associations between background variables (such as age and gender) differ between low,
average, and high intensity gamblers then this is important information for focused
targeting in prevention efforts.

The Norwegian context and the present study

The present study was conducted based on data from gamblers in Norway. Since the
beginning of the 2000s, Norway has employed strong restrictions on the availability and
access to gambling products (Rossow & Hansen, 2016). The state-owned gambling
operator Norsk Tipping has a monopoly on providing scratch-cards, sports betting,
number games, electronic gaming machines, and internet-based casino games. The
other monopoly gambling operator Norsk Rikstoto has exclusive rights on horserace
betting. However, due to online gambling opportunities, Norwegians may also to some
degree engage in gambling via unregulated foreign operators.

Norsk Tipping introduced a new interactive electronic gaming machine Multix in
2008. Multix is a multigame terminal and offer games such as slots, roulette, and poker.
To play Multix, individuals must be 18 years and older. Multix terminals have several
responsible gambling measures, such as mandatory and voluntary loss-limits, as well as
opportunities for players to self-exclude temporarily or semi-permanently (i.e. one-year
minimum and ongoing until canceled). In 2009, Norsk Tipping made registered play
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mandatory for all their gambling products, except paper-based scratch-cards. Individuals
are required to use a personalized player card which is linked to their social security
number. Importantly, this enables complete records of gambling behavior such as
gambling expenditure, frequency, and self-exclusion, as well as geographical data (i.e.
where the gambling is taking place) (Leino et al., 2017). The terminals are widespread
throughout Norway, typically located in convenience stores and gas stations.

The present study investigated the association between age and gender and gambling
intensity (as measured using theoretical loss) for the full population of Multix customers
between 2013 and 2018. As noted above, age and gender have been shown to be robust
predictors of risky and disordered gambling. However, it is unclear how these demo-
graphic variables relate to gambling intensity at varying levels of engagement over time.
The skewed distribution typically observed for gambling behavior suggests that explana-
tory variables such as age and gender can have different associations with gambling
intensity for those with low, average, and high engagement, for example. There are
currently few studies examining gambling behavior with quantile analysis and there is
to date no consensus regarding what quantiles constitutes low’, ‘average’, and ‘high’ in
this context. The present study focused on a limited number of quantiles for parsimony
and opted for the 25th percentile as representing ‘low’, the 50th percentile (median)
representing ‘average’, and the 90th percentile representing ‘high’. The 25th percentile
was chosen because it represents the middle of the lower half distribution, while the 90th
percentile was chosen because it represents higher values without being confined to
participants with extreme scores. Therefore, the present study was guided by the follow-
ing research question: How do annual trends in low-intensity gambling (defined as 25th
percentile theoretical loss), average gambling participation (defined as median theoretical
loss [50th percentile]) and high-intensity gambling (defined as 90th percentile theoretical
loss) vary by age groups and gender among a population of EGM customers in Norway?

Methods
Participants

Norsk Tipping provided gambling behavior data from the full population of Multix EGM
customers between March 2013 and December 2018, comprising 195,318 individuals
(26.5% women). Participant age at first active month of Multix play during the study
period ranged from 18 to 103 years (M = 40.1 years, SD = 16.3).

Procedure and materials

Behavioral tracking data were requested from Norsk Tipping including information on
age, gender, and gambling behavior on individual and total Multix games, and total sum
of bets on all Norsk Tipping games, as well as loss-limit and self-exclusion behavior. All
customers were linked to a unique identifying number (see appendix part A for full list of
variables). The data were aggregated at a monthly level resulting in a total of 70 time
points between March 2013 and December 2018.
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Measures

Demographic information included age and gender, which was extracted by Norsk
Tipping through customers’ personal identification numbers. Age was handled in cate-
gorical age bands in the present study (i.e. 18-29, 30-39, 40-49, 50-59, 60-69, and 70+).
There was no access to information regarding participants’ ethnicity.

The present study focused on annual theoretical loss, a measure of risk propensity,
calculated by multiplying game-specific gambling expenditure by game-specific house
advantage. Norsk Tipping provided estimates on house advantage percentages for each
game on Multix between 2013 and 2018, including updated values when game changes
affected associated house advantage percentage. Of the 44 different games offered on the
Multix terminals in 2018, five had a skill element. For these games the house advantage
was calculated based on optimal play or average house advantage when optimal play was
unknown. The median house advantage across games was 8% (IQR =7.4%, 8.8%) with
minimum 0.5% (blackjack, based on optimal play) and maximum 50% (‘Monkey
Business’, a skill-element matching game, based on average house advantage).

First, gambling expenditure was adjusted for annual inflation to provide the average
value of NOK in 2021 as provided by the Central Bank of Norway (https://www.norges-
bank.no/en/topics/Statistics/Price-calculator-/). Then, each customer’s monthly theore-
tical loss was calculated for each game and summarized across games. Finally, this
monthly aggregate measure was summed annually. Gambling behavior data were only
available from March onwards in 2013, so annual theoretical loss for 2013 was multiplied
by 1.2 to better compare these data to subsequent years in the study.

Statistical approach

All statistical analyses were conducted with R version 4.1.3 (R Core Team, 2022), see
appendix part A for list of R packages used. Descriptive statistics included proportion of
Multix EGM players (defined as having played at Multix at least once) by age group,
gender, and year. Annual theoretical loss ranged from 0 to 109,618 NOK, M = 6,782 (SD
=10,198), Md=1,265 (IQR =286, 10179), and exhibited positive skewness (1.83) and
kurtosis (3.25). Descriptive statistics also included observed 25" percentile, median
and 90™ percentile theoretical loss by year, gender, and age groups, presented visually.
Quantile regression was used to examine the study’s research question. Quantile regres-
sion is robust to outliers and allows for examination of covariates effects on separate parts
of the conditional distribution (Koenker & Hallock, 2001). Estimates were calculated at
the conditional 25 percentile, median, and 90™ percentile of theoretical loss. Two types
of models were examined with annual theoretical loss as the outcome variable: The first
model examined main effects of age categories, gender, and year, whereas the second
model examined all two-way interactions between age categories, gender, and year. Age
was handled categorically to account for potential non-linear effects, either in general or
within different parts of the distribution (i.e. different quantiles) and to be able to relate
findings to different parts of adult life. The analysis followed recommendations to report
simple effect sizes (original units) rather than standardized effect sizes when they are
meaningful (Baguley, 2009). Theoretical loss was measured in Norwegian kroner (NOK)
which can be interpreted directly, is easily converted to other currencies, and is of
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practical interest. Confidence intervals were calculated and conversions to United States
dollars (USD) are presented to facilitate international interpretability and comparisons.
Average exchange rates for 2021 were obtained from the Central Bank in Norway in
which 1 USD =8.6 NOK (https://www.norges-bank.no/en/topics/Statistics/exchange_
rates/?tab=currency&id=USD).

Two sensitivity analyses were conducted to account for potential study limitations.
First, in order to assess the degree of which theoretical loss might give an indication of
disordered gambling, the analysis examined the proportion of self-exclusion among
categories of theoretical loss. Behavioral indicators have previously been assessed against
self-exclusion as a form of proxy measure for disordered gambling (Finkenwirth et al.,
2021; Haefeli et al., 2011; Haeusler, 2016). The 25" percentile theoretical loss (86 NOK),
50t percentile (median) theoretical loss (1,265 NOK), and 90h percentile annual theo-
retical loss (22,770 NOK) was calculated based on the whole study period. Individuals’
annual theoretical loss was then categorized into below 25™ percentile, 25™ to below 50"
percentile (median), 50 to below 90" percentile, and 90" percentile and above. Self-
exclusion was defined as Norsk Tipping customer’s having at least one of any type of self-
exclusion that year (temporary or semi-permanent on Multix, or semi-permanent on all
Norsk Tipping’s gambling products). Second, to account for differences in affordability
among analyzed groups (e.g. older individuals typically having more money to gamble
compared to younger individuals which could explain potential differences in theoretical
loss), main analyses were repeated on active days played (gambling frequency) which has
also been associated with disordered gambling but is less contingent on money spent
(Braverman & Shaffer, 2012; LaPlante et al., 2014). Quantile regression was not possible
on 25™ percentile days played due to low variation in the included predictors at that
quantile. Only summary results are presented from sensitivity analyses for brevity
whereas the full results are reported in Appendix part B.

Ethics

The present study used secondary data that was de-identified by Norsk Tipping before
access. Therefore, the study was exempted from ethical approval in accordance with
guidelines of the Norwegian Centre for Research Data. Norsk Tipping ensured participant
anonymity by providing each participant a constructed and unique identification num-
ber and aggregated the customer tracking data to a monthly level.

Results

Table 1 shows number of individuals who played Multix at least once during each year
broken down by gender. The number of individuals playing Multix has decreased from
101,695 in 2013 (data available from March to December only) to 80,607 in 2018. The
group with the highest number playing Multix were men aged 18-29 years irrespective
of year. Women had relatively larger proportion of participating gamblers among their
older age groups compared to men across the years examined. However, within each
gender, the relative number of players shifted from younger to older age categories across
the years examined for both genders.
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Observed trends in terms of 25 percentile, median and 90™ percentile theoretical loss
are visualized by age category, gender, and year, in Figures 1, 2, and 3, respectively. The
results show that theoretical loss was positively associated with age for both men and
women at all quantiles (25" 50" [median], and 90™). The results in Figure 1 show that
among those in the 25" percentile theoretical loss group, theoretical loss was relatively
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90th Percentile Theoretical Loss (NOK)
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Figure 3.

stable between 2013 and 2018 for women at all age groups and men at age groups 18-29
years, 30-39 years, 40-49 years, and 50-59 years. Men aged 60-69 years and 70+ years
showed more yearly variation, notably an increase in theoretical loss at 2015 (and 2016
for those aged 70+) followed by a reduction in 2017. The results in Figure 2 show that
among those in the median theoretical loss group, theoretical loss was relatively stable
between 2013 and 2018 among men aged 18-29 years and 30-39 years, and women aged
18-29 years. Median theoretical loss decreased between 2013 and 2018 for the other age
groups and the reduction was stronger among older age groups. At all quantiles, the
range in theoretical loss between the youngest and oldest age group was greater for men
compared to women (i.e. men were more heterogeneous across age categories compared
to women). The results in Figure 3 indicate that this pattern was more pronounced when
considering the 90™ percentile. Figure 3 also suggests that there is more overlap in levels
of theoretical loss among the oldest age categories when considering the 90" percentile
values of theoretical loss compared to median values and the 25th percentile values.
Results from quantile regressions are presented in Tables 2 and 3 and provide more
precise estimates of the strength of associations between unique predictors and annual
theoretical loss. Model 1 (Table 2 with main effects) indicated no annual changes in
theoretical loss at the 25™ percentile, and only small annual reductions at the median (35
NOK=4 USD) and 90 percentile (1,061 NOK=123 USD). Theoretical loss increased
with age. The oldest age group (70+ years) had the highest estimated 25" percentile
theoretical loss at 500 NOK (=58 USD) and median theoretical loss at 5,280 NOK (=614
USD), while the second oldest age group (60-69 years) had the highest estimated 90™
percentile theoretical loss at 15,343 NOK (=1,784 USD). Women had a higher theoretical
loss than men when considering main effects at the 25™ percentile, median, and 90™
percentile. Model 2 (Table 3 with interaction effects) indicated stronger age-related
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Table 2. Quantile regressions on 25" percentile, median, and 90" percentile yearly theoretical loss in
NOK.

Theoretical Loss (Model 1: Main Effects)

Predictors T =025 95% Cl T =0.50 95% Cl T =0.90 95% Cl
(Intercept) 22% [21-23] 254* [242-267] 14,503* [14,264-14,742]
Year' 0.15 [-0.24-0.53] —35% [-38 — —32] -1,061* [-1,109 - —1,012]
Age 30-39 years? 22* [21-24] 367* [349-385] 5,048* [4,749-5,347]
Age 40-49 years 99* [95-103] 1,473* [1,427-1,518] 10,581* [10,295-10,867]
Age 50-59 years 237% [228-245] 3,079* [2,999-3,159] 13,383* [13,114-13,652]
Age 60-69 years 427* [408-445] 4,905* [4,762-5,048] 15,343* [15,067-15,620]
Age 70+ years 500* [473-527] 5,280* [5,111-5,449] 14,395* [14,068-14,721]
Women® 26* [23-29] 334* [302-367] 1,658*% [1,478-1,838]
Observations: 563,255

'Reference: 2013, Reference: Age group 18-29 years. Reference: Men. *Statistically significant at p <.001. (/= con-
fidence interval. Coefficients rounded to nearest integer when=>1. Adjust decimal point in NOK values one digit to the
left for rough approximation of conversion to USD

Table 3. Quantile regressions with interaction effects on 25t percentile, median, and 9ot percentile
yearly theoretical loss in NOK.

Theoretical Loss (Model 2: Includes Interaction Effects)

Predictors T =025 95% Cl T =0.50 95% Cl T =090 95% Cl
(Intercept) 20% [19-20] 135% [129-141] 10,196* [9,864-10,528]
Year' 1* [0.86-1] 9* [6-11] —94 [-206-19]

Age 30-39 years? 18* [15-20] 377* [347-407] 8,915* [8,396-9,434]
Age 40-49 years 94* [87-101] 1,794* [1,700-1,888] 15,436* [14,955-15,906]
Age 50-59 years 291* [272-310] 4,604* [4,423-4,784] 19,588* [19,117-20,058]
Age 60-69 years 626* [584-667] 7,986* [7,662-8,311] 21,540* [21,067-22,013]
Age 70+ years 698* [628-767] 7,933* [7,543-8,322] 20,557* [20,012-21,102]
Women® 27* [22-33] 585% [509-662] 10,021* [9,486-10,556]
Age 30-39 Women 39* [30-47] 457* [358-557] —4,749*% [-5,410 — —4,087]
Age 40-49 Women 50* [37-64] 114 [-19-247] —9,292* [-9,938 - —8,647]
Age 50-59 Women —65% [-83 — —47] -1,338* [-1,507 - —1,168] —12,070* [-12,690 - —11,451]
Age 60-69 Women  —263*  [-297 — —228] -2,987* [-3,239--2,736] —12,277*% [-12,899 - —11,654]
Age 70+ Women -306*  [-362--250] -—2,966* [-3,271--2,661] -11,817*% [-12,482 - —11,152]
Year x Women 1 [-1-4] 12 [-15-39] -95 [-201-12]
Year x Age 30-39 0.02 [-0.81-0.85] —33% [-42 - =23] —-1,155% [-1,323 - -987]
Year x Age 40-49 -2 [-4-0.07] —157* [-184 — —-130] -1,075*% [-1,239 - -911]
Year x Age 50-59 —14* [-19 - -9] —433* [-482 — —385] -1,318* [-1,470 - -1,167]
Year x Age 60-69 —33% [-44 — =22] —729% [-809 — —649] -1,212*% [-1,371 - —=1,054]
Year x 70+ -17° [-32 - —0.48] —525% [-621 — —430] -1,128* [-1,303 - —952]

Observations: 563,255

"Reference: 2013, *Reference: Age group 18-29 years. *Reference: Men. * p < .001.? p = .044. T = quantile. C/ = confidence
interval. Coefficients rounded to nearest integer when=>1. Adjust decimal point in NOK values one digit to the left for
rough approximation of conversion to USD. Interpretation example for median value women aged 40-49 in 2015: 135
(Intercept) + 9 x 2 (Year)+1 794 (Age 40-49 years) + 585 (Women) + 114 (Age 40-49 Women) + 12 x 2 (Year x
Women) — 157 x 2 (Year x Age 40-49) = 2,356 NOK. Note that some discrepancy with observed values (Figure 2) are
to be expected as the quantile regression provides values contingent on model variables specifically.

differences in theoretical loss among men compared to among women. For instance,
considering the 90™ percentile at 2013, men aged 18-29 years had a theoretical loss of
10,196 NOK (=1,186 USD) while women aged 18-29 years had a theoretical loss of
20,217 NOK (=2,351 USD). However, in the 70+ years bracket, men had the highest
theoretical loss of 30,753 NOK (=3,576 USD) compared to women 28,957 NOK (=3,367
USD). Interactions between years and gender were small and statistically non-significant,
where women as compared to men, showed a small increase of 1 NOK (=0.12 USD) in
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25th percentile theoretical loss and 12 NOK (=1 USD) in median theoretical loss over the
years, and a small decrease of 95 NOK (=11 USD) in 9oh percentile theoretical loss over
the years. Interaction between years and age groups indicated that those aged 60-69
reduced their 25™ percentile theoretical loss and median theoretical loss the most over
the years with 33 NOK (=4 USD) and 729 NOK (=85 USD) decrease, respectively. Those
aged 50-59 reduced their 90™ percentile theoretical loss most over the years with 1 318
NOK (=153 USD) decrease.

Results from sensitivity analyses (full results are presented in Appendix part B)
showed that those with 50 to below 90™ percentile theoretical loss had the highest
proportion of self-exclusion (5.6%) compared to the 90 percentile and above (3.4%), the
25th percentile to below median (2.3%), and those below the 25th percentile (0.6%).
Quantile regressions on median and 90" percentile days played (Table B2) showed
that days played increased with age, Model 1: Age 70+ years had the highest median of
44 days and 90™ percentile of 101 days. Model 2 indicated stronger age-related differ-
ences in days played for men compared to among women. For instance, considering the
90" percentile at 2013, men aged 18-29 years had 54 days played while women aged 18-
29 years had 79 days played. However, in the 70+ years bracket, men had the highest days
played at 180 days compared to women at 139 days.

Discussion

The present study investigated how gambling intensity in a population of EGM gamblers
was related to age and gender differences. The results indicated that gambling on Multix
EGMs decreased between 2013 and 2018 and that the player base had become older
across the period. Reductions in EGM participation have also been observed in Finland
between 2007 to 2015 (Castrén et al., 2018). One explanation for this decrease could be
the increasing popularity of online gambling over the same period. Online gambling is
more frequent among younger individuals and men in Norway (Pallesen et al., 2021). In
terms of age, this is in line with the finding that the Multix player-base is becoming older.
In terms of gender, the relative proportion of men and women participating each year
remained nearly the same from 2013 to 2018 in the present study (74%/73% men versus
26%/27% women). Men aged 18-29 years had the highest rate of participation on Multix
(i.e. having played at least once during a year) but the lowest gambling intensity. It is
conceivable that young men might concentrate their gambling online or on other types of
gambling such as sports betting, resulting in low gambling intensity on EGMs such as
Multix (Pallesen et al., 2021; Venne et al., 2020). Women aged 18-29 years also reduced
their Multix participation over the examined years compared to other age categories of
women. Younger women have increased online presence compared to older women
which could increase their exposure to online gambling marketing leading them to
engage in other types of gambling besides EGM gambling (McCarthy et al., 2018).

The results supported the notion about age and gender differences in gambling
intensity among EGM players. Gambling intensity as measured by theoretical loss was
positively associated with age for low (25" percentile), average (median) and highly
involved (90™ percentile) gamblers. However, it was somewhat surprising that older age
was associated with the highest theoretical loss because disordered gambling is typically
more prevalent among younger individuals (Allami et al., 2021). The results of the
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present study suggest that older individuals might be at higher risk compared to younger
individuals playing EGMs. It has been suggested that a key motivation for gambling
among older individuals is to socialize and/or alleviate feelings of isolation which is
possible at many venues with Multix (Parke et al., 2018). This is important to keep in
mind because gambling to escape negative emotions appears to be more strongly
associated with disordered gambling compared to other types of gambling motivations
(Marchica et al., 2020).

Men showed more age-related differences in gambling intensity compared to women,
and this pattern was more pronounced when considering the most involved gamblers
(90™ percentile theoretical loss). Previous studies suggest that women show a relative
preference for EGM gambling which could explain why they have higher gambling
intensity on Multix compared to men who typically prefer other game types such as
sports betting and poker (Holdsworth et al., 2012; McCarthy et al., 2018; Venne et al.,
2020). Disordered gambling among women is typically associated with EGMs in parti-
cular (Baggio et al.,, 2018). The difference in gambling intensity was especially strong
between men and women aged 18-29 years at the 90" percentile, where women were
found to have twice as high gambling intensity. Being of young adult age is associated
with higher preference for online gambling (Gainsbury et al., 2015; Pallesen et al., 2021),
but the influence of women's preference for EGMs might exceed this for young adult
women which results in especially strong gender differences in EGM gambling intensity
at this age group. Among the most involved gamblers (90" percentile), gambling
intensity fell markedly across observed years for men in age groups 30-39 years and
40-49 years. Men in older age groups might become increasingly comfortable with online
gambling solutions which would be coinciding with the expansion of online gambling
opportunities over the years examined (Pallesen et al., 2021).

Both older individuals and women have more often than their younger counterparts
reported being motivated to gamble to reduce negative emotions, anxiety, depression,
and loneliness, which has been termed escapism motivation (Holdsworth et al., 2012;
Parke et al., 2018). Escapism motivation has also been found to drive gambling participa-
tion and frequency with EGMs, with stronger associations for those with risky gambling
(Abarbanel, 2014; Balodis et al., 2014; Wood & Griffiths, 2007). Taken together, these
findings may explain why older individuals and women emerged as the groups with the
highest gambling intensity in the present study.

Results from the present study can also be interpreted in relation to income among
Norwegians. Statistics Norway (2023) provides information concerning the median income
in Norway after tax for select demographic groups in 2021: single individuals aged 18-30
years earned 302,000 NOK (=~30,541 USD), those aged 30-44 years earned 372,000 NOK
(=37,606 USD), those aged 45-66 years earned 366,000 NOK (=36,992 USD), and those
aged 67+ years earned 293,000 NOK (=29,615 USD). Individuals cohabiting show the same
pattern of relative age group differences in median income after tax (Statistics Norway,
2023). Based on these median income values and theoretical loss in 2018, the most intense
gamblers (90th percentile) among men aged 18-29 years had a theoretical loss reflecting
3.3% of their income, while men aged 70+ years had a theoretical loss reflecting 8.5% of
their income. The most intense gamblers among women aged 18-29 years had theoretical
loss reflecting 5.8% of their income, while women aged 70+ years had theoretical loss
reflecting 7.4% of their income. However, it should be emphasized that theoretical loss does
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not equate to actual losses and disposable income for gambling and is dependent on
multiple factors such as debt, wealth accumulation, and caretaker responsibilities.
Notably, gender can influence income, although this appears to be less influential in
Norway compared to many other countries such as the US (Reisel et al., 2019).

The present study focused on theoretical loss as an outcome measure, a measure that
reflects risk-taking (M. Auer & Griffiths, 2014). Theoretical loss is sensitive to house
advantage and therefore the same money stake can reflect more or less risk of loss
depending on the specific game where it is staked. Theoretical loss is also robust against
single extreme wins or losses and gives a stable measure of the risk an individual is willing
to take while gambling. Still, there appears to be lack of research demonstrating a direct
link between theoretical loss and disordered gambling. Despite this, gambling expendi-
ture, which theoretical loss is a modified version of, have consistently been associated
with disordered gambling (Braverman & Shaffer, 2012; Deng et al., 2021; Dragicevic
et al., 2011; Fiedler et al., 2019; Gronroos et al., 2021).

Previous behavioral tracking studies have also used self-exclusion from gambling as
a proxy indicator of disordered gambling in the absence of a direct measure of disordered
gambling (Finkenwirth et al.,, 2021; Haefeli et al., 2011; Haeusler, 2016). As such,
a sensitivity analysis was conducted examining the relationship between categories of
theoretical loss and self-exclusion. The results indicated that theoretical loss between
both the 50-90" percentile and at the 90™ percentile and above were associated with
more self-exclusions from gambling (Norsk Tipping globally or Multix specifically)
compared to theoretical loss below the 50™ percentile. However, the highest proportion
of self-exclusions was in the 50-90'" percentile, and not the 90 percentile and above. It
should, however, be noted that self-exclusion is itself a limited proxy measure for
disordered gambling because individuals may choose to self-exclude for reasons other
than having a gambling problem (e.g. being annoyed with the gambling operator)
(Catania & Griffiths, 2021).

Individuals differ in the amount of money they have available for gambling — what is
termed gambling affordability. Differences in theoretical loss, and other measures of
gambling expenditure, should be discussed in relation to this. In the present study, older
individuals had higher theoretical loss compared to younger individuals and older
individuals tend to have higher incomes. However, it is notable that the oldest age groups
(60-69 years and 70+ years) had the highest theoretical loss as national statistics show
these age groups also have lower median income compared to younger adults in Norway
(Statistics Norway, 2022). Sensitivity analyses on gambling frequency were also carried
out which is another indicator that has been found to be positively associated with
disordered gambling (Braverman & Shaffer, 2012; Brosowski et al., 2021; Jonsson et al.,
2022; LaPlante et al., 2014), including among Norsk Tipping customers specifically
(Jonsson et al., 2022). The results from the sensitivity analyses largely mirrored the
analyses on theoretical loss, i.e. older individuals had higher gambling frequency com-
pared to younger individuals, and age differences were more pronounced among men.

Strengths and limitations

The present study was strengthened by examining a complete population of gamblers
totaling 195,318 over nearly six years. The study took an age-specific and gender-specific
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approach to understand gambling intensity, notably including participants across the full
adult lifespan (age ranged from 18 to 103 years). The high number of participants
ensured strong representation even among the oldest age groups broken down by gender.
Use of behavioral tracking data made it possible to avoid limitations of social desirability
and recall bias which can limit self-report data (Griffiths, 2014; Shaffer et al., 2010). This
may be especially beneficial when analyzing theoretical loss and other measures of
gambling expenditure as previous research suggests that gamblers underestimate their
losses when self-reporting (Braverman et al., 2014; M. Auer & Griffiths, 2017). Motivated
by a public health approach, the present study focused on annual trends for different age
groups of men and women rather than on individual trajectories. The use of quantile
regression enabled the observation that age-related differences were more pronounced
among men compared to women. Quantile regression is robust to outliers and allows for
examination of different parts of the distribution, which accommodates the typical
skewed distribution of gambling behavior (Deng et al., 2021; Fiedler et al., 2019).

The study also had some limitations that should be mentioned. Notably, the study did
not assess disordered gambling directly, although previous studies linking gambling
expenditure with disordered gambling, theoretical loss’ association with higher self-
exclusion rates, and the sensitivity analysis on gambling frequency can be taken to
suggest that older individuals’ and women playing Multix might experience more
gambling harm/disordered gambling (as discussed above). Use of behavioral tracking
data also poses risks as recorded gambling behavior is tied to individual player-account
cards which can be shared with others (despite being prohibited). Norsk Tipping also
acknowledges this issue, although it is unclear to what extent it influences data accuracy
(Norsk Tipping, 2020). Age was treated as a categorical variable in the present study to
allow for potential non-linear effects and so the findings could be related to different life
periods of adult life. However, this approach can also pose some limitations as the chosen
categories constitute rough approximations of different life periods of adult life and since
age categorization can be performed in various ways, implying that choosing different
cutoffs for age groups could lead to different results. The present study is also limited to
a population of Norwegian Multix gamblers which put restrictions on the generalizability
to other types of EGMs and in other national settings. Finally, studies on behavioral
tracking data often lack information about contextual variables (e.g. income, personality,
cognitive factors) which can be redeemed by combining this type of data with other data
types (e.g. survey data).

Implications and conclusion

The results of the present study emphasize the importance of accounting for gambling
type when discussing risky gambling and preventive efforts. Disordered gambling is
typically associated with men and young age, but the present results suggest that this
might not be the case among land-based EGM gamblers in Norway. Future studies should
investigate if older individuals and women show similar patterns of gambling intensity in
other EGM populations and examine if the demographic pattern also translates to direct
measures of gambling harm and/or disordered gambling within such EGM populations.
Such findings could then be used to inform preventive efforts targeting EGM gamblers.
The findings of the present study also showed that women have less age-related differences
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in gambling at the 90th percentile compared to the median and 25th percentile. If women
with high gambling intensity show less age-related differences compared to average and
low gambling intensity in other studies, this would suggest that it is more important to
take age into account when targeting women in low and average gambling intensity groups
compared to women at high intensity.

Pallesen

There are several interventions that have been shown to be effective in reducing theoretical
loss among gamblers in a natural setting. M. Auer et al. (2018) found that Norsk Tipping
customers receiving a reminder of exceeding 80% of the personally set loss limit reduced
subsequent theoretical loss. Jonsson et al. (2019, 2020) employed a randomized-controlled
trial design and found that a brief motivational contact based on personalized feedback
reduced theoretical loss among those with the 0.5 highest percentile of theoretical loss. A one-
year follow-up showed a 30% reduction in theoretical loss for those contacted over telephone
and 13% reduction for those contacted over mail. Finally, M. M. Auer and Griffiths (2015,
2016) found that receiving personalized feedback on actual gambling behavior can reduce
theoretical loss.

Overall, the present study finds support for age and gender differences in annual trends of
gambling intensity. If these findings were replicated among other land-based EGM popula-
tions and with more direct measures of gambling harm/disordered gambling they would
have implications for prevention of risky and disordered gambling. Older individuals and
women would then appear to represent a more vulnerable segment of the EGM population
which would make it important to prioritize these groups with responsible gambling
interventions.
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Abstract

Objective: Telescoping refers to the accelerated progression from starting a potentially
addictive behavior to reaching a disordered level. For disordered gambling, telescoping has
been reported for women compared to men. Most previous studies on telescoping have used
clinical samples and retrospective reports, but this study examined a non-clinical population
of gamblers using electronically tracked gambling behavior. Method: The sample consisted of
Norsk Tipping’s Multix electronic gaming machine (EGM) customers during the period of
March 2013 to December 2018 (n = 184,113, 27.0% women, age range from 18 to 103 years
(M =41, SD = 16)). We hypothesized that women would be older than men when first playing
Multix and that the time between first playing Multix to reaching first loss limit (money one is
allowed to lose) would be shorter for women compared to men. Results: Welch two-sample -
tests revealed that women were older than men at Multix gambling onset (Women: M = 46,
SD = 17; Men: M =40, SD = 15; p <.001). Kaplan—Meier revealed a median survival time of
46 months (95% CI [45, 47]) for women and 55 months (95% CI [54, 56]) for men before the
first loss limit. Cox regression showed higher risk for meeting the loss limit for women
compared to men (HR = 1.22, 95% CI [1.20, 1.25], p <.001) when controlling for age.
Conclusion: Prevention efforts should consider that adult women playing EGMs appear to be
at risk for developing high-risk gambling faster than men.

Keywords: gambling progression, risky gambling, player-account data, behavioral

tracking, sex differences

Public Health Significance
This study found that adult women gambling on electronic gaming machines progress faster

than men towards risky gambling, supporting a telescoping phenomenon.
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Telescoping and Gender Differences in High-Risk Gambling: Loss Limit Behavior in a
Population of Electronic Gaming Machine Players

Disordered gambling refers to gambling involving lack of control and harms
experienced by the gambler and others who are affected, and it can be understood as existing
on a continuum with more severe forms qualifying for the diagnosis of gambling disorder
(Shaffer & Korn, 2002; Shaffer & Martin, 2011). One phenomenon that has been identified
regarding development of disordered gambling is “telescoping”, which refers to accelerated
progression from starting a potentially addictive behavior to reaching a disordered level of
that behavior. In terms of gambling, it has been reported that women tend to start gambling
later in life but progress faster from gambling onset to disordered gambling compared to men
(Gonzalez-Ortega et al., 2013; Grant et al., 2012; Ibafiez et al., 2003; Ladd & Petry, 2002;
Nelson et al., 2006; Potenza et al., 2001; Ronzitti et al., 2016; Tavares et al., 2001). Such a
telescoping effect has also been observed related to other problems, such as alcohol and
substance abuse (Hernandez-Avila et al., 2004; Piazza et al., 1989; Randall et al., 1999;
Zilberman et al., 2004). A detailed understanding of potential telescoping for women in
gambling and under which circumstances it occurs is important for the prevention and
treatment of disordered gambling (Zakiniaeiz et al., 2017).

Several potential explanations have been suggested for the telescoping effect
(Zakiniaeiz et al., 2017). For example, women report higher motivation to regulate mood
states with gambling compared to men (Sacco et al., 2011), and this motivation could
influence women'’s tendency for faster progression to disordered gambling because mood-
regulating motives for gambling have been associated with disordered gambling (Marchica et
al., 2020. Compared to men, women with disordered gambling also display higher rates of
comorbid mood and anxiety disorders that also may reinforce gambling for mood regulation

and thus overinvolvement in gambling (Blanco et al., 2006; Desai & Potenza, 2008; Tavares
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et al., 2003). Still, the telescoping effect has been observed even when controlling for
psychiatric comorbidity (Grant et al., 2012). Hence, psychiatric comorbidity cannot fully
account for telescoping, although the influence of emotion regulation motivation cannot be
ruled out.

Another explanation for telescoping is related to gambling preferences (Zakiniaeiz et
al., 2017). Women gamblers report, for instance, higher preference for high event frequency
games (i.e., games with short time interval between stake and outcome) such as electronic
gaming machines (EGMs) compared to men (Blanco et al., 2006; LaPlante et al., 2006).
EGMs and other high event frequency games have consistently been linked to increased risk
of developing disordered gambling compared to low event frequency games (Dowling et al.,
2005; Leino et al., 2015). However, telescoping has also been observed while controlling for
game type preference (Grant et al., 2012).

It has further been suggested that changes in social norms and gambling opportunities
for women might be an explanation for telescoping (Zakiniaeiz et al., 2017). Historically,
gambling has not been considered a suitable activity for women, and such negative
perceptions of women gamblers may have reduced women's access to gambling (McCarthy et
al., 2019, Potenza et al., 2001). Women who do engage in gambling may thus start later in life
due to the reduced social access to gambling opportunities. Further, gambling among women
may be more easily considered problematic due to norm violations, and women who have
problems related to gambling may experience more stigmatization compared to men, which
may further reinforce their gambling problems. Differences in division of labor, notably lower
income among women, might also explain the telescoping effect because women have less
money to lose and thus more quickly experience the negative consequences of gambling

(Brown & Coventry, 1997).
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Social norms concerning gender are, however, constantly changing and societies are in
general becoming more egalitarian (Khamis & Ayuso, 2021). For example, Richmond-
Rakerd, Slutske, and Piasecki (2013) studied gambling onset among different birth cohorts.
They found that gambling onset took place earlier in more recent birth cohorts and that the
gender gap in gambling onset was diminishing. These findings run counter to one part of
telescoping, i.e., that women start gambling later than men. Relatedly, a study by Nelson,
LaPlante, LaBrie, and Shaffer (2006) found that men and women’s progression to disordered
gambling did not differ when controlling for age of gambling onset. Participation in gambling
may be increasing among younger women. One study found that younger women are more
likely to engage in sports betting and to gamble in casinos compared to older women
(McCarthy et al., 2018). Multiple factors appear to be influencing young women’s gambling
participation, including family traditions of gambling, peer influences, gambling marketing
targeting women, and women experiencing that social attitudes towards women gambling is
changing (McCarthy et al., 2020).

Most studies on telescoping in gambling have relied on clinical samples (Zakiniaeiz et
al., 2017). In contrast, Slutske, Piasecki, Deutsch, Statham, and Martin (2015) studied
telescoping using a general population sample in Australia and did not find support for this
phenomenon. If telescoping is only observable within clinical samples, this may reflect
gender differences in help-seeking behavior rather than reflecting the nature of development
of disordered gambling itself. Notably, women with disordered gambling show lower rates of
treatment seeking compared to men (Braun et al., 2014). This underscores the importance of
studying telescoping effects across different types of populations of gamblers.

Another limitation to previous studies on telescoping in gambling is that they typically
have relied on self-report data, which are subject to both recall and social desirability bias.

Studies on gambling are now increasingly making use of behavioral tracking data that
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circumvents these limitations (Chagas & Gomes, 2017; Deng et al., 2019). Such data often
involve large sample sizes with detailed information on gambling behavior and are collected
without being invasive to the player, thus increasing the ecological validity of the data
(Griffiths, 2014). However, a potential limitation of behavioral tracking data is a lack of
clinical information about disordered gambling in addition to contextual factors. Still, limited
clinical information may be mitigated by using proxy measures based on behavioral tracking
data that have been found to be associated with disordered gambling (Deng et al., 2019).

Reaching pre-set loss limits, assumed to reflect lack of control, is one proxy for
disordered gambling because people with disordered gambling are far more likely to reach
their loss limit threshold for gambling compared to those without disordered gambling (Hing
et al., 2015; Lalande & Ladouceur, 2011).

Loss limits are intended as tools to minimize negative consequences from gambling
(i.e., as a responsible gambling tool) and refer to the maximum amount of money a player is
allowed to lose before play is temporarily stopped, typically for a day, week, or month
depending on the timeframe of the loss limit (Delfabbro & King, 2021). Use of loss limits can
be voluntary or mandatory. One study on voluntary loss limits found that voluntary loss limits
were viewed more favorably by people with risky/problem gambling, young people, and
women (Engebg et al., 2019). Mandatory loss limits are less frequently offered/demanded by
gambling operators, and information about their use is mostly based on data from Norway
(Delfabbro & King, 2021). Most gamblers who reach mandatory loss limits report that they
stop gambling altogether while the restriction is in effect, although those with high-risk
gambling appear more likely to report continuing play at another gambling provider where
there is no restriction (Auer et al., 2020).

Gambling in Norway and the current study
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The current study was conducted in Norway and is based on data from customers of
Norsk Tipping’s Multix EGMs. In Norway gambling is regulated, with Norsk Tipping as the
monopoly provider of online and land-based lotteries, sports betting games, and EGMs
(Rossow & Hansen, 2016). The most recent nationally representative survey of gambling in
Norway was conducted in 2019 and found that 67.1% of Norwegian men and 60.2% of
Norwegian women aged 16—74 years had gambled at least once during the last year (Pallesen
et al., 2020). Men tend to participate in more game types compared to women. Further,
younger people are more likely to participate in online games (e.g., online casino games,
online poker) while older people are more likely to participate in lottery games and horse race
betting. It was found that 1.4% of the Norwegian adult population (men: 1.9% vs. women:
0.8%) could be classified as problem gamblers, which represents a statistically significant
increase from the 0.9% estimate found in 2015. This places Norway around the middle
compared to problem gambling rates in other European countries, which ranges between
0.12% and 3.4%, although methodological variations across studies preclude direct
comparisons (Calado & Griffiths, 2016).

Norsk Tipping introduced Multix in 2008. Multix is a multigame terminal that offers a
collection of different games within its interface, including casino games, card games, and
other games of chance and skill. Multix is situated at different public locations such as kiosks,
hotels, pubs, bingo halls, and racing tracks. There were 31 different games available in 2013
and 44 different games available in 2018. One example of a chance game is Wolf Run, which
is a 5-wheel slot game where one hopes to match symbols. Casino games include electronic
versions of traditional table games such as Roulette, Street Holdem (poker), and Blackjack.
The latter two are also examples of Multix games with skill elements, of which there were 5 in
total between 2013 and 2018. The age limit is 18 years, and Multix has built-in responsible

gambling tools such as mandatory monthly loss limits, which were set to 2,500 Norwegian
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kroner (= 250 €) in 2013 and were adjusted to 2,700 NOK (= 270 €) in November 2016.
Players may alternatively set voluntary limits below mandatory thresholds (see Leino et al.
(2015) for more details about Multix).

The current study aims to account for previous limitations in study designs on
telescoping by examining a non-clinical population of gamblers and by using behavioral
tracking data. To the authors’ knowledge, the present study is the first to use actual gambling
data to study telescoping in gambling and the first to include a whole population of gamblers.

We posit the following hypotheses in line with a telescoping phenomenon for women

gamblers:

1. Women will be older than men when they first gamble on Multix during
the study period.

2. The time between the first gambling on Multix to when the first loss
limit threshold is reached will be shorter for women compared to men.

3. Women will be more likely to reach their first loss limit compared to
men at any point during the study period when controlling for age when first gambling
on Multix.

Hypothesis 3 reflects the expectation that this telescoping effect of high-risk gambling will
not be fully explained by age of gambling onset, as suggested by Nelson et al. (20006).
Methods
Transparency and openness
In the following we report how we determined our sample size, all data exclusions, all
manipulations, and all measures in the study. Data were analyzed with R version 4.1.1. The
study was not preregistered. The analysis code, information about specific R package

versions, and supplemental material referenced in the text are available at
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https://osf.io/wa6gq/. Data are only available upon application due to a data provider
agreement.
Participants and procedure

The sample consisted of the whole population of Norsk Tipping’s Multix EGM
customers. Data were collected between March 2013 and December 2018 (N = 195,318
[26.5% women]) and were organized into 70 monthly time points. The data were provided
and anonymized by Norsk Tipping. The data included detailed information about gambling
behavior on Multix, such as number of active days gambling, time played, losses, mandatory
and voluntary loss limits in NOK, and sessions played (see supplemental material for the full
list). We excluded participants who would have been younger than 18 years at study start
(March 2013) so that measures of gambling behavior would be complete and thus more
comparable between age groups. The final analytic sample (n = 184,113) comprised 27.0%
women, and the age at the first month of gambling on Multix (in the period between March
2013 and December 2018) ranged from 18 to 103 years (M =41, SD = 16).
Measures
Demographic information

Demographic information included age and gender based on Norsk Tipping’s access
to customers’ personal identification numbers. Age refers to a participants’ age at first active
gambling month on Multix in the study period and was handled both continuously and
categorically (18-29, 30-39, 40-49, 50-59, 60-69, and 70+ years). Information on ethnicity
was not available.
Gambling behavior

Gambling behaviors on Multix included gambling participation (active gambling
months and sessions played in a month, number of different Multix games played across the

study period, and preference for chance versus skill-based games based on the proportion of
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sessions played), gambling involvement (amount staked in NOK and time spent), and
responsible gambling measures (setting a monthly loss limit below the mandatory threshold,
reaching a monthly loss limit). In addition, the data included the amount staked in NOK
across all of Norsk Tipping’s gambling products during months with active Multix gambling.

Some participants had reached their loss limits without this being registered by Norsk
Tipping (for mandatory limit: » = 873, for voluntary limit: n = 7674), which was corrected for
in the analysis. Registration errors may happen due to communication failure between the
gambling machine and the responsible gambling software used by Norsk Tipping (Norsk
Tipping, personal communication, March 14th, 2022). In most cases only the status of
registration was affected, and play was stopped even if this was not registered, although a
small minority of cases showed losses exceeding the limit amount (for mandatory limit: n =
239, for voluntary limit: n = 444). The exceeding loss amount among those affected ranged
from 1 NOK to 1,558 NOK for mandatory limits (median = 120; IQR = 19, 324) and from 1
NOK to 2,500 NOK for voluntary limits (median = 197; IQR = 33, 498).

Statistical analysis

Descriptive statistics were calculated to obtain an overview of gender differences
related to the key study variables, namely the age at Multix gambling onset and age at
reaching loss limits. This included mean/median/distribution of age at Multix onset,
frequencies of reaching one’s loss limit, and the number of active gambling months until the
first loss limit was reached or study end stratified by gender for the whole population.
Additional descriptives were calculated for those who had reached the loss-limit threshold.
This included minutes spent gambling on Multix, number of sessions on Multix, and total bets
on Multix and on all of Norsk Tipping’s products stratified by gender. Reaching a monthly
loss limit was defined as reaching either the monthly mandatory set loss limit or the voluntary

set loss limit because some customers set the voluntary loss limit lower than the mandatory
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loss limit. For time spent gambling on Multix, number of bets total, and number of sessions,
we divided all of a participant’s monthly totals by active months gambled to calculate an
average for each participant. Only age at Multix onset satisfied the normality assumption (see
supplemental material). Welch two-sample #-tests were used to test the first hypothesis that
women would be older than men when first gambling on Multix. Wilcoxon rank sum tests
were used for analyses of all other continuous variables. Pearson’s chi-squared tests were
calculated where differences in frequencies were tested for age categories and for having
reached the loss limit. Effect sizes were calculated using Cohen’s d for #-tests, correlation-
coefficient » for Wilcoxon rank sum tests, and Cramer’s ¥ for Pearson’s chi-squared tests. A
Cohen’s d of 0.2 is regared as a small effect, 0.5 is regarded as a medium effect, and 0.8 is
regarded as a large effect. An 7 and Cramer’s V of 0.1 constitute a small effect, 0.3 constitutes
a medium effect, and 0.5 constitutes a large effect (Cohen, 1992; Tomczak & Tomczak,
2014).

Survival analysis with the Kaplan—Meier estimate of survival function was performed
to test the second hypothesis that the time between first playing Multix to reaching the first
loss limit would be shorter for women compared to men. Time-to-event was operationalized
as the number of months between the first active Multix gambling month to the month when
the loss limit threshold on Multix was reached or the last active gambling month for those
who did not reach the monthly loss limit threshold (right-censored gamblers). The Kaplan—
Meier estimates of survival function was used to analyze the probability of not having met the
monthly loss limit at a specific time point given that it had not occurred during previous time
points. It was expected that women would have lower survival probabilites compared to men,
and this was investigated by a log-rank test.

Cox proportional hazards regression was used to test the third hypothesis by

investigating gender differences regarding the probability of meeting a monthly loss limit at
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any time period while controlling for age categories. Finally, we also examined whether the
gender effect differed across age categories by including its interaction in the model. Gender
effects across age categories were reported contingent on the statistical significance of the
interaction effect. Cox regresssion involves analyzing hazard ratios (HRs). In the current
context, hazard refers to the probability of meeting a monthly loss limit for the first time
within a specific time point (1 to 70, reflecting the number of months in the current dataset)
provided that it has not occurred during preceding time points. HR refers to differences in
hazards between men and women. An HR greater than 1 would indicate that women have a
greater risk of reaching the loss limit threshold compared to men, whereas an HR less than 1
would indicate that men have a greater risk of reaching the loss limit threshold compared to
women. It was hypothesized that the HR would be higher for women compared to men.
Statistical assumptions were checked (see supplemental material). Visual inspection of the
Schoenfeld residuals against time indicated that the proportional hazards assumption was met
for both gender and age. Visual inspection of deviance residuals revealed the presence of
influential outliers, which were handled by using a robust method of Cox regression that
modifies the partial likelihood estimator to account for this (Bednarski, 1993; Minder &
Bednarski, 1996).

Some participants could have gambled on Multix before study start, thus having earlier
Multix gambling onset. If there were any systematic differences between men and women in
this unobserved period then this could conceivably also affect hypothesized gender
differences about gambling onset and meeting first loss limit, for example, if men met their
first loss limit earlier than women but this pattern emerged during the unobserved period.
Therefore, we conducted sensitivity analyses on a sub-sample that had their first gambling
after month 12 or later in the study period (n = 76,182 (28.9% women)) because this was

assumed to increase the proportion that truly had their Multix gambling onset during the
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analysis period. The sensitivity analysis included the distribution of age at Multix gambling
onset, the Kaplan—Meier estimate, and Cox regression, as accounted for above.

Ethics

Because no personally identifiable information was collected by the authors, the study
was exempt from ethical approval in accordance with the guidelines of the Norwegian Centre
for Research Data. To ensure participant anonymity, Norsk Tipping aggregated the data at the
monthly level, and each participant received a constructed identification number.

Results

Within the entire sample, 30% of participants had met at least one monthly loss limit
during the study period. The median number of active months on Multix during the study
period was 6, with an interquartile range from 2 to 27 months. Participant characteristics are
presented broken down by gender in Table 1. In relation to the first hypothesis, the results
showed that women playing Multix were older than men by a mean age difference of 6 years
when they gambled at Multix for the first time (during the study period). Examination by age
category showed that the largest differences in percentages between men and women were in
the 18-29 years category. Table 2 presents gambling behavior among those who had met at
least one monthly loss limit broken down by gender. The results showed small effect size
differences in gambling behavior between men and women who had reached a monthly loss
limit in gambling behavior. This also included time to when the loss limit was met. However,
this measure was not taken as a test of the second hypothesis because median or mean
measures do not consider rates of people who stop gambling before study end and/or reaching
loss limit.

In relation to the second hypothesis, the time to first monthly loss limit reached was
examined with the Kaplan—Meier survival estimate (Figure 1). The results showed that the

probability of having exceeded at least one loss limit increased with participants’ time in the
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study. The median survival time was 55 months (95% CI [54, 56]) for men compared to 46
months (95% CI [ 45, 47] for women. The Cox regression results with main effects for gender
and age category are presented in Table 3 and inform the third hypothesis. They showed that
women had 22% higher probability to reach the monthly loss-limit threshold at any time point
compared to men after controlling for age categories. Inclusion of the interaction effect
between gender and age category indicated that the effect of gender differed across age
categories (Wald test = 3156, 11 df, p <.001). Cox regressions stratified by gender (also
reported in Table 3) showed increasing HRs for older age groups up to the oldest bracket of
70+ years for men and up to 60—69 years for women. Men showed higher within-gender
differences for age compared to women. The highest age-related HR was 2.52 for men (age
group 60—69 years) and 1.15 for women (age group 40—49 years).

Sensitivity analyses mirrored the results of the main analyses. The difference in age at
start between men and women was almost identical (Women: M =44, SD = 17; Men: M = 39,
SD = 15; p <.001, Cohen’s d =—-0.355). Kaplan—Meier estimates showed a median survival
time of 36 months (95% CI [35, 38]) for women and 47 months (95% CI [46, 48]) for men
before the first loss limit was reached. Thus, the median survival time difference was in the
same direction and stronger (11 months vs. 9 months in the main analysis). Cox regression
showed higher risk for meeting the loss limit for women compared to men (HR = 1.28, 95%
CI[1.23, 1.33], p <.001) when controlling for age categories. See the supplemental material
for full results on Cox regressions for the main analyses and sensitivity analyses.

Discussion

In the current study we examined the telescoping effect in gambling using a non-
clinical sample and actual gambling data. The results support the first hypothesis as women
were older than men when they played Multix for the first time during the study period, as

shown by a mean age difference of 6 years. The results also support the second hypothesis as
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women met their first monthly loss limit earlier than men, with a median difference of 9
months. Finally, the Cox regression supported the third hypothesis as it showed that women
had 22% higher probability than men of meeting their first loss limit at any time in the study
period when controlling for age at Multix onset.

Previous studies have found support for the telescoping effect while using various
operationalizations of time to event, i.e., time from non-problematic to problematic gambling
(Grant et al., 2012; Ibafiez et al., 2003; Ladd & Petry, 2002; Potenza et al., 2001; Tavares et
al., 2001). Start time has typically included age when first gambling, age when starting
gambling regularly, and age at first symptom of disordered gambling. Event has typically
been operationalized as symptoms of disordered gambling, diagnosis of disordered gambling,
entering treatment, or attempts to stop gambling. The current study provides further support
for the telescoping effect by showing that it is observable within a whole population of EGM
customers with reaching loss limits as a marker of high-risk gambling. Differences in time to
loss limit could not be explained by women setting lower loss limits because the median of
self-set loss limit was the same for both genders. Further, frequencies of setting a less-than-
mandatory amount for the loss limit occurred at a 2% higher frequency among men, hence
potential lower self-set loss limits in women could not explain the findings.

The 6-year mean age difference between men and women for age at Multix gambling
onset constituted a small effect, although it appears comparable to gambling onset age
differences reported by several previous studies ranging from 1 year to 16 years (Grant et al.,
2012; Ibanez et al., 2003; Ladd & Petry, 2002; Nelson et al., 2006; Potenza et al., 2001,
Slutske et al., 2015; Tavares et al., 2001). The current study results are comparable to the
lower end of these studies (Nelson et al., 2006; Potenza et al., 2001; Slutske et al., 2015).
However, direct comparison is limited by the fact that the current study examined age when

starting gambling on Multix during the study period rather than starting any gambling. The
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mean age of Multix gambling onset is likely higher than the mean age of lifetime gambling
onset.

Reasons for the telescoping effect remain largely unknown, as indicated by the
different proposed explanations in the introduction. The current study results both support and
contradict previously suggested explanations. Because the telescoping effect was observed in
the population of Multix gamblers, the results run counter to the notion that telescoping is
exclusive to treatment-seeking gamblers (Slutske et al., 2015). Further, the results run counter
to the idea that telescoping is due to increased preference for non-strategic games among
women because telescoping was observed within a population of EGM customers exclusively
(Grant et al., 2012). Men were more likely to prefer Multix games with a skill element
compared to women, although the difference was very small among those who met a monthly
loss limit. Some proposed explanations are hard to evaluate based on the current study design.
The notion that women develop disordered gambling faster due to less income (Brown &
Coventry, 1997) was not possible to evaluate in the current study because data on income or
diagnosis of disordered gambling were not available. Still, it was notable that women and men
did not differ considerably in frequency of setting loss limits lower than the mandatory
amount. In addition, in Norway the gender wage gap difference is lower compared to other
countries (e.g., the US), which suggests that differences in disordered gambling progression
would be less influenced by gender differences in financial ability in Norway compared to
other countries (Reisel et al., 2018).

The Cox regression analyses showed that the HR for meeting a monthly loss limit
increased for older age groups up to the oldest bracket of 70+ years for men and 60-69 years
for women. Relatedly, a previous study found that middle-aged women EGM players were at
heightened risk for disordered gambling (Hing et al., 2016). However, the effect of age was

stronger within men compared to within women. Taken together, the age-related effects for
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men and women are in line with the findings by Nelson et al. (2006) who showed that older
age at gambling onset predicted shorter duration to disordered gambling, which was greater
than the effect of gender. The results from the current study still support a unique contribution
of gender, hence supporting the notion of the telescoping effect for women gamblers.
Strengths and limitations

Some strengths of the current study deserve mention. The data reflected actual
gambling behavior for the whole population of EGM customers for nearly 6 years, with the
participant age range covering the whole lifespan. There might be some limitations in terms of
the generalizability of the current findings to other gambling operators, game types not
available on Multix (e.g., sports betting and bingo), and gambling in other formats (e.g.,
physical table games and online games). However, it should still be noted that men and
women who reached their monthly loss limit on Multix showed similar gambling expenditure
across Norsk Tipping’s products. Because Norsk Tipping is by far the largest gambling
provider monopolist in Norway, data on gambling expenditure at Norsk Tipping likely cover
the vast majority of most participants’ overall gambling expenditures. Hence, the inherent
limitation of behavioral tracking data normally stemming from using only one specific
gambling operator/site is to some extent mitigated by the nature of the Norwegian gambling
market (Griffiths, 2014). Behavioral tracking data can also be limited by tracking errors and
technology abuse. In the present study there were participants with losses indicating that their
voluntary or mandatory loss limits were met despite not being registered as such. Fortunately,
most cases only affected registration with a small minority being able to continue play. Multix
requires player-specific game cards, and it has been reported by Norsk Tipping that some
players use other people’s cards to circumvent responsible gambling measures, although it is
unknown to what extent this happens (Norsk Tipping, 2020). This could affect hypothesized

gender differences if men are more likely to borrow women’s player cards, for example.
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Interpretation of the results should take into account the operationalization of
landmark events of the telescoping effect, including what constituted the start time and what
event represented disordered/high-risk gambling. Time-to-event was calculated with start time
equalling Multix gambling onset during the study period. The data were left censored in that
participants may have played and met a monthly loss limit at Multix before the study period.
However, results from the sensitivity analyses that were performed to account for this
mirrored the main analysis results. More caution should be used when interpreting the main
effect of age when first playing Multix on the HR for reaching loss limit (Table 3). The effect
of age when starting gambling is influenced by many participants likely having their first
gambling experience before playing Multix, more so for older participants. In addition, we did
not measure disordered gambling directly, but used reaching the monthly loss limit as a
proxy. Reaching loss limits may be understood as indicative of high-risk gambling because
those with disordered gambling are more likely to reach loss limits (Hing et al., 2015; Lalande
& Ladouceur, 2011). Telescoping has previously been examined in relation to multiple
landmark events in the progression of disordered gambling and substance abuse, such as time
to first symptom of a condition or initiating treatment (Hernandez-Avila et al., 2004; Ladd &
Petry, 2002; Slutske et al., 2015). Because the present study used a novel operationalization of
gambling problems, was based on behavioral tracking data, and included the whole
population of EMG gamblers, it significantly extends our understanding of the telescoping
effect and provides further support for this effect. Another asset of the current study is its
prospective design, which stands in stark contrast to previous studies reliying on retrospective
reports and cross-sectional designs.

Participants’ ethnicity was not measured, although general population surveys of
Norwegian gamblers in 2019 provide some indication about the distribution of participants’

country of birth where approximately 89% reported Norway as country of birth, 7.5%
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reported a country in Europe outside Norway/North America/Oceania, and 3.4% reported
Africa/Asia/South and Central America (Pallesen et al., 2021). Country of birth was unrelated
to participation in online versus land-based gambling in that study, which suggests that the
distribution of country of birth may be similar among Multix customers.

Implications and conclusions

It is suggested that future studies should combine behavioral tracking data with other
forms of data to examine questions that remain unanswered. In addition to using actual
gambling data, individual reports on gambling motivation, problem involvement, personality
traits, and other risky behaviors (e.g., smoking and alcohol use) can be included. For example,
one could investigate the proposed explanation that women progress faster to disordered
gambling due to higher emotion regulation motivation by controlling for self-reported
gambling motivation. One could also combine information from different registries, such as
behavioral tracking data, with information on disordered gambling diagnosis from patient
health registries.

Women EGM players were found to progress faster towards high-risk gambling
compared to men, and gambling operators should consider incorporating this knowledge into
responsible gambling strategies. For example, responsible gambling pop-up messages have
been shown to be effective in reducing excessive gambling, and gambling operators may thus
consider increasing the use of such messages among gamblers who show early signs of
escalating gambling behavior (Bjerseth et al., 2021). Broader information campaigns that seek
to spread knowledge about help offers and responsible gambling should also incorporate what
is known about the telescoping effect.

Overall, the current study provides additional support for a telescoping phenomenon
among women gamblers and suggests that the effect is not restricted to treatment-seeking

individuals with more severe forms of disordered gambling. This finding underlines the
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importance of incorporating what is known about telescoping not only into treatment

strategies, but also to include its implications in wider prevention efforts in the general

population.
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Table 1
Participant Characteristics by Gender
Gender Men, n =134359 Women,n=49 754  p-value Effect size*
Met a monthly loss limit! 38 690 (29%) 16 845 (34%) <0.001 0.049
zr:i'fﬁ{e;:ng%?m“ with 6377 @.7%) 673 (1.4%) <0.001 0.079
Age at start! <0.001 0.161
18 — 29 years 43 372 (32%) 11011 (22%)
30— 39 years 29 777 (22%) 8 788 (18%)
40 — 49 years 25723 (19%) 9 899 (20%)
50 — 59 years 18 925 (14%) 8 806 (18%)
60 — 69 years 11122 (8.3%) 6553 (13%)
70 + years 5 440 (4.0%) 4697 (9.4%)
Age at start?
Median (IQR) 37 (27, 50) 45 (31, 58)
Mean (SD) 40 (15) 46 (17) <0.001 -0.358
Active gambling months?
Median (IQR) 6(2,27) 7(2,28) <0.001 0.021
Mean (SD) 17 (22) 18 21)
Multix games played™
Median (IQR) 72, 19) 9(3,21) <0.001 0.038
Mean (SD) 13 (15) 14 (15)

Note. 'Pearson’s chi-squared test; “Welch two-sample #-test; SWilcoxon rank sum test; “Cramer's
V for chi-square, Cohen’s d for t-test, » for Wilcoxon rank sum test; *Defined as having >50% of
game sessions on skill element game type.
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Table 2
Gender Differences Within the Loss Limit Group
Gender Men, n =38 690 Women, n =16 845 p-value  Effect size*
Personal limit set below 7 806 (20%) 3044 (18%) <0.001  0.068
mandatory
PrefereHICS for games with a skill 174 (0.4%) 31(02%) <0.001 0.020
element”
Age at start in categories! <0.001 0.089
18 — 29 years 7262 (19%) 2 780 (17%)
30 — 39 years 7156 (18%) 2 748 (16%)
40 — 49 years 8 812 (23%) 3 544 (21%)
50 — 59 years 7972 (21%) 3369 (20%)
60 — 69 years 5194 (13%) 2 679 (16%)
70 + years 2294 (5.9%) 1725 (10%)
Age at start’
Median (IQR) 45 (33, 56) 48 (35, 60)
Mean (SD) 45 (15) 48 (17) <0.001 -0.163
Average bet total Norsk Tipping?
Median (IQR) 18 335 (9 889,29 398) 18854 (10 632,29 511)  <0.001 0.016
Mean (SD) 22 790 (20 686) 22 941 (19 594)
Average bet total Multix®
Median (IQR) 13 181 (6 849, 21 068) 14 051 (7 700, 21 667)  <0.001 0.033
Mean (SD) 15155 (11 588) 15825 (11 629)
Active gambling monthsMultix®
Median (IQR) 7 (3, 16) 7(3,15) <0.001 0.027
Mean (SD) 11(12) 11 (12)
Time to loss limit?
Median (IQR) 13 (4,29) 11 (4,27) <0.001 0.038
Mean (SD) 19 (18) 18 (18)
Average minutes spent Multix>
Median (IQR) 159 (78, 277) 168 (86, 279) <0.001 0.024
Mean (SD) 206 (188) 209 (179)
Average sessions Multix®
Median (IQR) 15 (8, 25) 15 (9, 25) <0.001 0.020
Mean (SD) 20 (24) 21 (24)
Personal amount for loss limit®
Median (IQR) 2500 (2 500, 2 500) 2 500 (2 500 2 500) <0.001 0.031
Mean (SD) 2 134 (842) 2172 (813)

Note. 'Pearson's chi-squared test, “Welch two-sample -test; *Wilcoxon rank sum test; *Cramer's V for chi-
square, Cohen’s d for t-test, » for Wilcoxon rank sum test; bet totals are in Norwegian Kroner (NOK); *Defined

as having >50% of game sessions on skill element game type.
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Figure 1.
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Caption: Survival curves for first monthly loss limit on Multix by gender. Dotted lines equal
median survival times.
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Table 3
Cox Regressions for First Monthly Loss Limit

Characteristic HR 95% CI p-value
Men (reference) 1 - -
Women 1.22 [1.20,1.25]  <0.001
18 — 29 (reference) 1 - -
30-39 1.40 [1.35,1.44]  <0.001
40 —49 1.67 [1.62,1.72]  <0.001
50-49 1.89 [1.83,1.95] <0.001
60 — 69 1.93 [1.86,2.00]  <0.001
70+ 1.80 [1.72,1.88]  <0.001
Men 18 — 29 (reference) 1 - -

Men 30 -39 1.49 [1.44,1.55]  <0.001
Men 40 — 49 1.88 [1.81,1.95] <0.001
Men 50 — 59 2.27 [2.18,2.36]  <0.001
Men 60 — 69 2.52 [2.41,2.63]  <0.001
Men 70+ 231 [2.18,2.45]  <0.001
Women 18 — 29 (reference) 1 - -
Women 30 -39 1.11 [1.05,1.18]  <0.001
Women 40 — 49 1.15 [1.09,1.22] <0.001
Women 50 — 59 1.12 [1.06,1.19]  <0.001
Women 60 — 69 1.03 [0.97,1.09] 0.34
Women 70+ 1.06 [0.99,1.13] 0.11

Note. HR = Hazard ratio. CI = Confidence Interval
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Abstract

Background Marital status is a robust correlate of disordered gambling, but few studies have examined the direction
of this association.

Methods The present study used a case—control design by including all adults receiving their first gambling disorder
(GD) diagnosis between January 2008 to December 2018 (Norwegian Patient Registry, n=15,121) and compared them
against age and gender matched individuals with other somatic/psychiatric illnesses (Norwegian Patient Registry,
n=27,826) and a random sample from the general population (FD-Trygd database, n =26,695). The study examined
marital status before GD, getting divorced as a risk factor for future GD, and becoming married as a protective factor
of future GD.

Results The findings indicated an 8-9 percentage points higher prevalence of unmarried people and about a 5 per-
centage points higher prevalence of separation/divorce among those that subsequently experienced GD compared
to controls. Logistic regressions showed that transition through divorce was associated with higher odds of future GD
compared to illness controls (odds ratio [OR] = 2.45, 95% CI [2.06, 2.92]) and the general population (OR=2.41 [2.02,
2.87]). Logistic regressions also showed that transition through marriage was associated with lower odds of future GD
compared to illness controls (OR=0.62, C/ [0.55, 0.70]) and the general population (OR=0.57, C/[0.50, 0.64]).

Conclusions Social bonds have previously been shown to impact physical and mental health, and the findings of

the study emphasize the importance of considering social network history and previous relationship dissolution
among individuals with GD.
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Background

Marital status is a robust correlate of disordered gambling,
a form of gambling characterized by lack of control and
harm caused to the gambler and others [1, 44]. Individuals
with disordered gambling are more likely to be single and
to be divorced [1, 5]. Still, few studies have investigated
the directionality between marital status and disordered
gambling. Divorce could happen because of gambling
problems but it is also possible that divorce could predis-
pose disordered gambling. Relatedly, marriage may pro-
tect against subsequent disordered gambling. Answering
questions regarding directionality requires longitudinal
studies. This may ultimately help decide how associations
between marital status and disordered gambling should
inform therapy and prevention efforts.

Previous reviews on marital status and disordered
gambling have indicated marital status a risk factor for
disordered gambling while being agnostic regarding its
directionality (e.g., [1, 20]. Risk factors can be defined
as measurable characterizations of individuals within
a specified population that can be used to divide the
population into low-risk and high-risk groups [25]. Risk
factors can be viewed as either fixed (e.g., ethnicity, geno-
type) or variable (e.g., age, marital status). Variable risk
factors must precede the outcome of interest (here dis-
ordered gambling) rather than only appearing concomi-
tantly or as a consequence, often termed as correlates
[25]. Protective factors may be understood likewise but
inversely (i.e., the protective factor results in reduced risk
for the future outcome) [22].

Associations between disordered gambling and rela-
tionship difficulties are often understood causally,
implying that gambling problems lead to relationship
difficulties and break-ups [21]. This appears a plausible
route given that studies have consistently found indi-
viduals to report distress due another individual’s gam-
bling [10]. Disordered gambling in one individual is
estimated to affect six others on average, among whom
spouses/partners report the most distress [12, 13, 41].
This includes a wide range of psychological and emo-
tional difficulties, alongside higher prevalence of divorce
[19]. Untruthfulness, and possible illegal behaviors such
as stealing money from one’s spouse may particularly
damage relationships [30]. Family dysfunction such as
impaired communication, emotional responsiveness and
familial problem-solving, increases along with severity
of gambling problems [5]. Relatedly, relationship satis-
faction is inversely associated with severity of gambling
problems [16].

The association between marital status and disordered
gambling may also be understood in different ways. Being
unmarried or divorced may potentially predispose an
individual for excessive gambling. In the case of being
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unmarried, less social and financial obligations may
increase the risk of excessive gambling as the individual
experiences fewer relationship incitements for reducing
gambling involvement. Having unmarried status would
also preclude potential positive effects associated with
marriage, such as social control and support (see below).
Lack of social support has been associated with more
severe gambling problems [34]. Excessive gambling may
also develop or be exacerbated as a way of coping with
relationship break-ups (i.e., seeing marital status change
as a transitional event). Relationship dissolution has been
associated with increased risk for psychopathology and
poorer physical health (including early death) [42, 51].
Divorce typically represents a psychologically stressful
life event and gambling motivated by emotional coping
has shown to predict disordered gambling in this regard
[7,32].

Less attention has been given to marriage as a poten-
tial protective factor for disordered gambling. Research
generally suggests that being married is associated with
better physical and mental health [18, 24, 27]. Marriage
has also been associated with reduced risk of alcohol use
disorder which has been termed the ‘marriage effect’ [23,
28]. Marriage may be protective in that spouses often
monitor and control each other’s alcohol drinking and/
or marriage may instill a general expectation for the indi-
vidual to control their alcohol drinking behavior (i.e., to
“shape up”) [23, 49]. Such social control involves inten-
tionally trying to influence another’s behavior and can
be positive (e.g., using positive reinforcement, modeling)
or negative (e.g., pressuring, restricting), with positive
control being shown to promote health behaviors, and
increase well-being and relationship satisfaction [11]. It is
conceivable a similar ‘marriage effect’ might be observed
for gambling such as spouses intentionally encouraging
alternative activities to gambling for example (positive
social control). Marriage might also instill an expectation
to restrict gambling involvement to prioritize financial
and social obligations that follow marriage.

It is not known whether gender moderates the rela-
tionship between marital status and GD. More broadly,
there are also conflicting findings as to whether gender
can moderate the relationship between marital status and
psychological health. Leopold [29] investigated gender
differences in outcomes following divorce over a 32-year
period and found that men reported reduced well-being
short-term compared to women, while women experi-
enced stronger reduction in income long-term compared
to men. However, other studies have not found gender
differences in post-divorce and post-marriage trajectories
(e.g., [47,48, 52].

Previous studies on marital status and disordered gam-
bling have mostly utilized general population samples
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and screening measures for disordered gambling, often
collapsing groups that display moderate gambling risk
and problem gambling in order to achieve sufficient sta-
tistical power [1]. Gambling disorder (GD) represents a
more severe category and a diagnosis marked by persis-
tent and recurring pattern of disordered gambling that
is associated with substantial distress or impairment
[35]. Studies on marital status that include participants
with GD are typically small, with participants recruited
through convenience sampling [5].

In view of these methodological limitations, the pre-
sent study aimed to examine exposure to divorce as risk
factor for subsequent GD diagnosis as well as exposure
to marriage as a protective factor against subsequent GD
diagnosis. Variable risk/protective factors require that
the factor precedes the outcome. Therefore, the present
study focused on marital status before GD diagnosis and
transitional events in marital status happening before GD
diagnosis. The latter involves either transitioning from
marriage to separation/divorce or from being unmarried
to marriage. Moreover, the present study explored gen-
der differences relating to these longitudinal associations.
The study overcomes limitations in previous research by
use of registry-based data covering a period of 11 years
allowing for high powered analyses of nationwide data
concerning GD. The association between marital sta-
tus and general ill-health [42, 51] was also be accounted
for. More specifically, this case—control study compared
those receiving their first GD diagnosis to individu-
als that have previously received a somatic or psychi-
atric diagnosis, as well as individuals from the general
population. The study was guided by the following three
research questions (RQs):

RQ1: Are individuals who subsequently receive their
first gambling disorder diagnosis more likely to be
unmarried or separated/divorced compared to those
that do not receive a gambling disorder diagnosis?

RQ2: Is going through a divorce associated with
increased odds of experiencing a gambling disorder
diagnosis compared to remaining married? If so, is
this association moderated by gender?

RQ3: Is getting married associated with reduced odds
of experiencing gambling disorder diagnosis com-
pared to remaining unmarried? If so, is this associa-
tion moderated by gender?

Methods

Participants and procedure

The study comprised a population-based case—con-
trol study of all individuals in Norway 18 years or older
receiving their first GD diagnosis within specialist
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health services between January 2008 to December 2018
(n=5,121). Information on participants and controls was
collected from the Norwegian Patient Registry (NPR),
providing information about diagnosis and time for diag-
nosis, and the FD-Trygd database providing information
about dates for change in marital status. Data from the
two registries were linked using unique 11-digit National
identity numbers. NPR contains health information on
patients in Norwegian specialist health services and has
included unique national birth numbers necessary for
linking registry information since 2008 [4]. FD-Trygd
contains demographic information, including marital
status, as well as information on work status and social
benefits for the Norwegian population from 1992 and
onwards [46]. Participants with GD were frequency
matched on age and gender characteristics using two
control/contrast populations of 30,000 randomly drawn
individuals with illness diagnoses other than GD (from
NPR) and from the general population (from FD-Trygd),
aiming for approximately five matched controls per GD
case. After removing duplicate cases and cases missing
marital status information, the following sample sizes
were obtained: NPR illness controls (7=27,826) and FD-
Trygd general controls (n=26,695).

The study received ethical approval from the Regional
Committee for Medical and Health Related Research Eth-
ics in Western Norway (no. 30393) and the Norwegian
Centre for Research Data. The approval included a waiver
of informed consent because the data was anonymized
before the authors got access to it. The ethical approval
covers the stated aims of the current study. The study was
conducted in accordance with the Helsinki Declaration.
A Data Protection Impact Assessment (DPIA) was also
made in collaboration with the University of Bergen and
approved by the Institute of Psychosocial Science, Uni-
versity of Bergen.

Measures

Demographic information included age, gender, and
marital status. Age and gender information was extracted
based on information in the National identity number
which is assigned at birth or at permanent migration into
Norway. Information about marital status was collected
from FD-Trygd and was categorized into unmarried,
married (including registered partnership), separated/
divorced, and widowed. Changes in marital status within
study period January 2008 to December 2018 were
recorded and summarized into four categories: No
change in marital status (0), one change in marital status
(1), two changes in marital status (2), and three or more
changes in marital status (3). Information was not avail-
able on cohabitation status and ethnicity. Gambling dis-
order was defined according to medical diagnosis in NPR
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which is based on the ICD-10 code F63.0 for pathological
gambling [53].

Statistical analysis

All statistical analyses were conducted with R version
4.1.1. Descriptive statistics and statistics to inform RQ1
included distribution of age at baseline, gender, marital
status at baseline, and number of changes in marital sta-
tus within the study period (i.e., an indication of marital
status variability across the study period), stratified by
case and control groups. RQ2 and RQ3 were examined
by two pairs of logistic regressions, one pair for examin-
ing divorce as a risk factor for GD and another pair for
examining marriage as a protective factor for GD. Each
pair included a logistic regression against illness control
participants from NPR and a logistic regression against
general population control participants from FD-Trygd.
Unconditional logistic regression analyses were used
to examine if exposure was associated with the odds of
receiving a GD diagnosis, with the matching variables
age and gender included as control variables, and with
an interaction term between gender and marital status
to investigate if the associations were dependent upon
gender. A two-step approach was used by separately esti-
mating a main effect only model and a model including
an interaction term for gender. Unconditional logistic
regressions have been shown to be suitable for analysis
in case—control designs that frequency match partici-
pants on demographic variables such as age and gender
(i.e., studies that employ “loose matching”) [26, 33]. Both
adjusted and unadjusted odds ratios are presented (i.e.,
the effect of each predictor when controlling for other
predictors versus not controlling for other predictors).

When examining the association between exposure
to divorce and the odds of receiving a GD diagnosis, the
study included participants who were married at base-
line and defined those that got divorced during the study
period as exposed. Participants who subsequently got
re-married or became widowed during the study period
were excluded from this analysis to examine divorce
only. For the GD sample, only changes in marital status
before diagnosis were included. The study also censored
any marital changes within the control groups that hap-
pened after the median time to GD diagnosis (72 months
for this analytic sample) to allow for comparable follow-
up periods.

When examining the association between exposure to
marriage and odds of receiving GD diagnosis, the study
included participants who were unmarried at baseline
and defined those that married during study period as
exposed. Participants who subsequently got separated/
divorced after marriage were excluded from this analy-
sis to examine marriage only. For the GD sample, only
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changes in marital status before diagnosis were included.
The study also censored any marital changes within the
control groups that happened after the median time to
GD diagnosis (85 months for this analytic sample) to
allow for comparable follow-up periods.

Results

Descriptive data are provided in Table 1 broken down
by case and control group. Chi-square test on mari-
tal status categories was significant, informed RQ1 and
shows that individuals who eventually received a GD
diagnosis were more likely to be unmarried or sepa-
rated/divorced at baseline compared to controls, and
less likely to be married at baseline compared to controls
()(2 [df=6, n=59,642]=487.50, p<0.001). Moreover,
individuals who subsequently received a GD diagno-
sis were more likely to experience multiple changes in
marital status throughout the study period (x* [df=6,
n=>59,642] =129.61, p<0.001).

Logistic regression results on analysis of exposure to
divorce on GD are provided in Table 2 and informed
RQ2. The interaction terms between gender and exposure
were not statistically significant (NPR control: OR=1.11,
95% CI [0.74, 1.66]; FD-Trygd control: OR=1.15, 95%
CI [0.76, 1.72]), so only main effect analyses are reported
in the table. ORs were similar between the adjusted and
unadjusted analysis. The analytic samples were compara-
ble in terms of age distributions: M =50 (9) among GD
cases, M =50 (10) among NPR controls, and M =51 (10)
among FD-Trygd controls. Distribution gender differed
somewhat, with the proportion of women being lower
among cases with GD (23%) compared to NPR controls
(26%) and FD-Trygd controls (28%). The results showed
that getting divorced was associated with a higher odds
ratio of receiving a GD diagnosis. The strength of associ-
ation was comparable using both types of control groups.
Using individuals with other illnesses as controls, those
getting divorced had 2.45 (95% CI [2.06, 2.92]) times the
odds of getting a GD diagnosis compared to individuals
who remained married during the exposure period, based
on the adjusted analysis. Using individuals from the gen-
eral population as controls, those getting divorced had
2.41 (95% CI [2.02, 2.87]) times the odds of getting a GD
diagnosis compared to individuals who remained mar-
ried during the exposure period, based on the adjusted
analysis.

Logistic regression results on analysis of exposure to
marriage on GD are provided in Table 3 and informed
RQ3. The interaction terms between gender and exposure
were not statistically significant (NPR control: OR=0.91,
95% CI [0.64, 1.27]; FD-trygd control: OR=0.80, 95%
CI [0.56, 1.11]), therefore, only main effect analyses are
reported in the table. ORs were similar between the
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Table 1 Participant characteristics at baseline
Sample GD lliness control General control (n1=26,695)  p-value'
(n=5,121) (n=27,826)
Women 935 (18.3%) 5,038 (18.1%) 5,193 (19.5%) <0.001
Age in 2008 <0.001
Median (IQR) 29(22,39) 29 (22,39) 30(22,39)
Mean (SD) 309(12) 308(12) 313(12)
Marital status in 2008 <0.001
Unmarried 3,674 (71.7%) 17,828 (64.1%) 16,819 (63.0%)
Married 914 (18.9%) 8,404 (30.2%) 8,345 (31.3%)
Separated/divorced 510 (10.0%) 1,510 (5.4%) 1,444 (5.4%)
Widowed 23 (0.4%) 84 (0.3%) 87(0.3%)
Marital status changes® <0.001
0 4,024 (78.6%) 22,324 (80.2%) 21,123 (79.1%)
1 812 (15.9%) 4,730 (17.0%) 4,757 (17.8%)
2 224 (4.4%) 633 (2.3%) 685 (2.6%)
3+ 61 (1.2%) 139 (0.5%) 130 (0.5%)
2 During study period January 2008 to December 2018. Total percentage slightly exceeds 100 in some cases due to rounding
" Pearson’s Chi-squared test for categorical; One-way ANOVA for continuous
Table 2 Logistic regressions for divorce on odds for first gambling disorder diagnosis
Predictor Against NPRiillness control (n=8,114) Against FD-Trygd general control (n=8,116)
OR’ 95% CI? p-value OR? 95% CI? p-value
Unadjusted analysis
Age in 2008 1.00 [1.00,1.01] 0.519 0.99 [0.99, 1.00] 0.144
Gender
Men (reference) 1.00 — 1.00 —
Women 0.78 [0.67,091] 0.001 0.75 [0.64,0.87] <0.001
Exposure
Married (reference) 1.00 — 1.00 —
Divorce 242 [2.03,2.88] <0.001 242 [2.03,2.88] <0.001
Adjusted analysis
Age in 2008 1.01 [1.00,1.01] 0.134 1.00 [0.99, 1.00] 0573
Gender
Men (reference) 1.00 — 1.00 —
Women 0.77 [0.66, 0.90] 0.001 0.75 [0.64,0.87] <0.001
Exposure
Married (reference) 1.00 — 1.00 —
Divorce 245 [2.06,2.92] <0.001 241 [2.02,2.87] <0.001

# OR Odds ratio, CI Confidence interval. GD cases = 1,076

adjusted and unadjusted analysis (although the effect
of gender was statistically significant in the unadjusted
analysis but not in the adjusted analysis). The analytic
samples were comparable in terms of age and gender
distributions. For age: M =37 years (SD=9) among GD
cases, M =36 years (SD=9) among NPR controls, and
M =36 years (SD=9) among FD-Trygd controls. For the
proportion of women: GD (14%), NPR controls (13%) and

FD-Trygd controls (14%). The results showed that getting
married was associated with a lower odds ratio of getting
GD diagnosis, and the strength of association was com-
parable using both the respective types of control groups.
Using individuals with other illnesses as controls, those
getting married had 0.62 (95% CI [0.55, 0.70]) times the
odds of getting a GD diagnosis compared to individuals
who remained unmarried during the exposure period,
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Table 3 Logistic regressions for marriage on odds for first gambling disorder diagnosis

Predictor Against NPR illness control (n=16,925) Against FD-Trygd general control (n =15,940)
OR? 95% CI? p-value OR?® 95% CI? p-value
Unadjusted analysis
Age in 2008 1.01 [1.00, 1.01] <0.001 1.01 [1.00, 1.01] 0.006
Gender
Men (reference) 1.00 — 1.00 —
Women 112 [1.01,1.24] 0.034 1.00 [0.90, 1.11] 0.985
Exposure
Unmarried (reference) 1.00 — 1.00 —
Marriage 0.64 [0.56,0.72] <0.001 0.58 [0.51,0.66] <0.001
Adjusted analysis
Age in 2008 1.01 [1.00, 1.01] <0.001 1.01 [1.00, 1.01] <0.001
Gender
Men (reference) 1.00 — 1.00 —
Women 1.10 [0.99,1.22] 0.076 1.00 [0.90, 1.11] 0.976
Exposure
Unmarried (reference) 1.00 — 1.00 —
Marriage 0.62 [0.55,0.70] <0.001 057 [0.50, 0.64] <0.001

2 OR Odds ratio, Cl Confidence interval. GD cases=3,610

based on the adjusted analysis. Using individuals from
the general population as controls, those getting married
had 0.57 (95% CI [0.50, 0.64]) times the odds of getting
a GD diagnosis compared to individuals who remained
unmarried during the exposure period, based on the
adjusted analysis.

Discussion

The present study examined marital status as a risk/pro-
tective factor for subsequent first GD diagnosis. One of
the study aims was to examine if individuals that went on
to receive their first GD diagnosis were more likely to be
unmarried or separated/divorced compared to control
populations at baseline (RQ1). The results showed that
within the GD population there was an 8-9 percentage
points higher prevalence of unmarried individuals com-
pared to controls (case: 72% vs. controls: 64% illness and
63% general population). Further, prevalence of separa-
tion/divorce were nearly twice as high at baseline among
those that would go on to receive GD compared to con-
trols (case: 10% vs. controls 5.4% for the respective con-
trol groups). These results suggest that those who receive
a diagnosis of GD represent a group of individuals with
reduced social networks and who experience more rela-
tionship dissolution compared to individuals with other
forms of ill-health or from the general population. Marital
status represents a structural indication of an individual’s
social connectedness and experiencing social connection
through a spouse is beneficial for both physical and men-
tal well-being [17, 40]. Relatedly, lack of social support

has been associated with more severe gambling problems
and poorer prognosis in treatment [34]. It has also been
found that loneliness can mediate a positive association
between being unmarried/divorced/widowed and having
disordered gambling for men [8]. The results also showed
that individuals with GD had more variability in marital
status across the study period compared to the control
groups. Although differences between study groups were
of small magnitude, they were still statistically significant,
due to the present study’s large sample size.

The study examined how changes in marital status
affected the odds for GD diagnosis (RQ2 and RQ3). The
results showed that going through a divorce was associ-
ated with 2.45 and 2.41 higher odds of receiving a sub-
sequent GD diagnosis in the case group compared to
the NPR illness group and FD-Trygd general population
group, respectively. It is notable that the increased odds
for GD diagnosis was similar when using a general popu-
lation control group and a control group based on indi-
viduals with different types of psychiatric and somatic
diagnoses. The similar ORs for receiving GD diagnosis
when using both types of control groups suggest similar
number of divorces across the analyzed period for mar-
ried individuals in both types of control groups. This
appears somewhat surprising because there is a fre-
quently observed association between divorce and men-
tal/somatic ill-health, although this might stem from
divorce influencing health rather than ill-health influ-
encing divorce [42, 51]. The illness control group in the
present study only included individuals with existing
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diagnoses so differences in number of divorces due to
ill-health influencing divorce would be captured primar-
ily. If divorce influences health rather than the reverse,
then this could explain why rates of divorce were simi-
lar between the illness control group and general control
group.

Most individuals who go through a divorce experience
little or no negative long-term effects (i.e.,>12 months)
which raises the question as to what predicts poor out-
comes such as physical illness and psychopathology
(including disordered gambling) following divorce [3].
Sbarra et al. [43] propose that excessive rumination, lack
of a clear self-concept (i.e., individuals not knowing who
they are as a person following divorce), and poor sleep
may predispose poor outcomes following divorce. These
factors could then promote long-term stress which might
predispose some individuals’ excessive gambling because
they use gambling as a coping strategy. Gambling as a
means of regulating affective states is a well-established
pathway in the development of disordered gambling [2,
6, 14].

Getting married was in the present study found to be
associated with 0.62 and 0.57 lower odds of receiving a
subsequent GD diagnosis in the case group compared to
the NPR illness group and FD-Trygd general population
group, respectively. This suggests a protective effect of
marriage and the effect was similar when using a general
population control group and when using a control group
based on individuals with different types of psychiatric
and somatic diagnoses. Marriage has been associated
with reduced risk of developing alcohol use disorder [23,
28]. Kendler et al. [23] proposed that a ‘marriage effect’
related to alcohol use disorder was primarily due to social
control between spouses (i.e., couples monitoring and
controlling each other’s alcohol drinking). This is likely
also the case with gambling (i.e., couples monitoring and
controlling each other’s gambling behavior). Marriage
can also confer social support which is related to better
health behaviors and less stress [50], also potentially pro-
tecting against disordered gambling behavior.

Finally, the study examined if gender moderated the
relationship between transition in marital status and odds
for being diagnosed with GD (the conditional aspect of
RQ2 and RQ3). The results showed non-significant find-
ings for both types of marital transitions. For divorce, this
contrasts with previous research suggesting that divorce
has stronger impact on men’s short-term wellbeing and
women’s long-term income level, compared to the other
gender [29]. However, a recent Danish study [47] did not
find any gender-related differences in post-divorce tra-
jectories between men and women. The authors argued
that such gender differences were less likely to appear in
egalitarian societies, such as the Danish. Norway in this
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regard is like Denmark and this could explain a similar
pattern in results. For marriage, the lack of gender differ-
ences in the present study matched that of previous stud-
ies [48, 52].

Strengths and limitations

The present study employed data from national registries
data, which have several benefits. Data collection is done
automatically and without being intrusive, which elimi-
nates the risk for recall bias, social desirability bias, and
research demand characteristics. Previously, very few
studies have investigated marital status in relation to the
more severe GD category and sample sizes have been rel-
atively low in these studies (e.g., [5]. Using registry data
allows researchers to get access to much higher numbers
of participants which leads to high statistical power. In
the present study, this allowed for investigating the more
specific research questions that required sub-groups
related to marital status (e.g., those starting as married
and then getting divorced). Notably, having time-specific
data on both marital status and GD diagnosis made it
possible to investigate directionality which previous stud-
ies have not been able to do.

Some study limitations should be noted. The pre-
sent study only included treatment-seeking individuals
with GD diagnosis and did not include individuals with
less severe problem gambling. It is estimated that only
between 5-20% of those with problem gambling seek
treatment [31]. Individuals with gambling problems who
seek treatment tend to report more severe relationship
difficulties compared to those who do not seek treatment
[37]. The present study also only included age and gender
as control variables. Disordered gambling has also been
shown to associated with other correlates such as ethnic-
ity, socio-economic status, and poor physical and mental
health [1]. Individuals with various somatic and psychiat-
ric diagnosis where such correlates are relative frequent
were included as a control group and results were com-
parable between two control groups which strengthens
the generalizability of the study’s findings. Still, it cannot
be ruled out that these other variables (e.g., ethnicity,
socio-economic status) could have impacted the results
as explanatory or confounding variables.

Another limitation concerns the age and gender match-
ing process used. More specifically, individuals with GD
were matched on age and gender in the total sample, but
not within specific subgroups analyzed such as those
transitioning from marriage to divorce. Age distribution
was comparable between cases and controls in this sub-
group but there were some differences in gender distri-
bution between case and control groups. Results were
comparable when assessing GD cases against both con-
trol groups despite these groups showing some variation
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in gender distribution. There might also be unidentified
confounding factors that can explain the associations
observed in the present study. In the case of divorce
for example, individuals may alternatively first develop
excessive gambling, facilitating break-up/divorce, which
then motivates the individual to seek treatment (and
receive a GD diagnosis).

Finally, information on cohabitation status was not
available in the present study. This means that it was not
possible to account for potential increased or reduced
risk for GD diagnosis among individuals starting cohab-
iting during the study period (analogue to marriage) or
break-up from cohabiting during the study period (ana-
logue to divorce). Not accounting for cohabitation could
have led to reduced effect sizes for transitions through
marriage or divorce regarding odds/risks for GD diag-
nosis. For instance, in the analysis concerning individu-
als starting out unmarried (Table 3), some individuals
might have already been cohabiting or started cohabit-
ing later which would mean that any potential reduced
risk for future GD diagnosis associated with cohabita-
tion would be attributed to the “unmarried” reference
group. In Norway, cohabitation has been shown to be
associated with increases in well-being that are almost
identical to the increases associated with marriage [45].
Individuals who are cohabiting with children have pre-
viously been found to have comparable reduction in
risk for alcohol use disorder as married individuals [23].
Therefore, future research should examine if the same
relationship between marriage/divorce and risk for GD
diagnosis also holds for cohabitation/break-up from
cohabitation.

Implications and conclusions
In the present study, individuals that subsequently
received their first GD diagnosis were more likely to show
indications of reduced social connectedness (i.e., more
likely to be unmarried and separated/divorced). Moreo-
ver, it was found that transitioning through divorce or
marriage was associated with increased or reduced odds
of GD diagnosis, respectively. Notably, examining marital
status/changes before GD diagnosis demonstrated that
these factors are risk or protective factors for developing
GD. Future studies may expand on the findings reported
here by examining the relationship between marital qual-
ity and disordered gambling. Marital quality has been
found to be positively associated with physical and men-
tal health [36, 38]. Additionally, studies have also sug-
gested that divorce can lead to improved health in cases
where there was low marital quality [9, 15].

It is not possible to conclude that transitions in mari-
tal status causally affect the development of GD based
on the present study’s design. However, this might be
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the case as a large body of previous research substanti-
ates the association between relationship dissolution
and poorer physical and mental health [42, 51], as well
as between social connectedness and better physical and
mental health [17, 40].

Treatment for GD include efforts to minimize harms
caused by disordered gambling on current relation-
ships [12, 39]. The present study’s findings emphasize
the importance of considering both individuals’ previous
and current social factors, including social network his-
tory and experiences with relationship dissolution. Inter-
ventions that increase an individual’s level and quality
of social connectedness might in turn improve their GD
therapy prognosis as well as overall wellbeing [34, 40].
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