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ABSTRACT ARTICLE HISTORY
Participation in various types of gambling is associated with age Received 7 November 2022
and gender. Younger men tend to be drawn toward online gam- Accepted 31 March 2023
bling whereas women and older individuals tend to engage more in KEYWORDS

land-based gambling such as electronic gaming machines (EGMs). Problem gambling; risky

The present study examined how annual trends in theoretical loss, gambling; gambling
a robust measure of risk propensity/gambling intensity, varied disorder; behavioral tracking;
according to age groups and gender among an EGM-population player-account data
in Norway (N =195,318, 26.5% women, age range 18 to 103 years

[M =40.13, SD = 16.29]). Quantile regression on the 25th percentile,

median, and 90" percentile theoretical loss showed that higher

theoretical loss at these quantiles were associated with older age.

At the 90" percentile: Individuals aged 60-69 years had highest

theoretical loss at 15,343 NOK (1,784 USD). Compared to men,

women had higher 90" percentile theoretical loss (1,658

NOK=193 USD). Interaction analyses showed that the positive asso-

ciation between age and theoretical loss was stronger for men

compared to women. Gambling expenditure is positively asso-

ciated with disordered gambling and the findings suggests that

older individuals and women represent more vulnerable groups

among the EGM population.

People of nearly all ages gamble, some even across the whole lifespan (Welte et al., 2017).
Development of disordered or high-risk gambling may occur at any point during the life
course and involves varying levels of accompanying harm (Shaffer & Korn, 2002). For the
individual and affected others, severe forms of disordered gambling are associated with
the most harm, even rivaling the harm related to alcohol use disorder (Browne et al.,
2017; Currie et al., 2006; Langham et al., 2016; Li et al., 2017). However, when viewed
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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 & Shaffer,
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



INTERNATIONAL GAMBLING STUDIES . 5

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 =86, 10179), and exhibited positive skewness (1.83) and
kurtosis (3.25). Descriptive statistics also included observed 25t 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),
50" percentile (median) theoretical loss (1,265 NOK), and 90™ 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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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 25th percentile, median, and 9oth
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 1 =025 95% Cl T =050 95% Cl T =090 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. C/=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 25 percentile, median, and 90™ percentile
yearly theoretical loss in NOK.

Theoretical Loss (Model 2: Includes Interaction Effects)

Predictors T =025 95% Cl T =0.50 95% Cl T =0.90 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

TReference: 2013, *Reference: Age group 18-29 years. *Reference: Men. * p < .001. 2 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) + 9x 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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25" 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 90 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 25t 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.

Opverall, 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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