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Abstract
While comorbidity of problematic alcohol and gambling use is well established, much 
less is known about the way in which alcohol consumption while gambling interacts with 
problem-gambling severity and other individual differences. We hypothesised three fac-
tors that would interact with alcohol consumption while gambling on electronic gaming 
machines (EGMs) to influence four behavioural gambling measures: preferred number of 
lines bet, average duration of play, average spend per session and preferred electronic gam-
ing machine denomination. The latter is a measure of gambler’s preference for the mone-
tary denomination in which EGM bets are placed (e.g. 1 cent, 2 cents, 5 cents, 10 cents, 20 
cents, $1), with higher denomination EGMs being higher risk since bets can be placed in 
larger amounts and money can be lost more rapidly. The three hypothesised interacting fac-
tors were problem-gambling severity, presence/absence of alcohol use disorder and biolog-
ical gender. A total of 1557 male and female participants completed a questionnaire, meas-
uring their problem-gambling status, problem alcohol status, consumption of alcohol at 
the gambling venue, preferred EGM denomination, preferred number of lines bet, average 
duration of play and average spend per session. We found the anticipated gender-differen-
tial spending effect with males spending more than females, but we also found a surprising 
reverse differential spending effect for problem gamblers such that females spent more than 
males. We also found that alcohol consumption while gambling was generally associated 
with a preference for higher denomination machines and that those players without alcohol 
problems who drank at the venue preferred to bet on more lines, suggesting a double-max 
strategy amongst gamblers who drank at the venue. Finally, for non-problem and low-risk 
gamblers, concurrent alcohol consumption was related to preference for higher denomina-
tion EGMs in female players, but not for male players. These findings are discussed in the 
context of the physiological and psychological effects of alcohol.
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The extent to which alcohol consumption might influence gambling behaviours is poorly 
understood (Bussu & Detotto, 2015), and few studies have examined the effects of alcohol 
consumption on gambling amongst non-problematic alcohol drinkers (Harries et al., 2017; 
Pino-Gutierrez et al., 2017). However, from a theoretical perspective, we predict an impact 
of alcohol consumption on gambling behaviour since there is clear evidence that alcohol 
intake leads to an increase in risk-taking and impairs judgement/decision making (Chesher 
& Greeley, 1989; Fillmore, 2007), including judgements of time that can be affected by 
even very small levels of alcohol (Hernández-Collados et al., 1997; Ogden et al., 2011). 
Thus far, researchers have investigated the effects of alcohol consumption on gambling 
duration, bet size and expenditure with mixed results.

Physiological and Cognitive Effects of Alcohol

In predicting the effects of alcohol on gambling behaviour, there are several impor-
tant physiological and cognitive effects to consider and these are the general effect, the 
effects of biological sex and the effects of long-term abuse. First, even at low levels of 
blood concentration (0.048% BAC), alcohol has been shown to impair cognitive function 
on tasks requiring attentional inhibition, working memory, speed of processing (Dry et al., 
2012) and reaction time (Kerr & Hindmarch, 1998). From a psychophysiological perspec-
tive, alcohol causes an increase in concentrations of the neurotransmitter norepinephrine. 
Because of its widespread distribution of cortical projections, norepinephrine modulates 
many sensory and cognitive cortical regions, including the regulation of memory func-
tion in the hippocampus and motivation/emotion in the forebrain, leading to an increase 
in impulsiveness (Vazey et  al., 2018). Norepinephrine is also associated with executive 
functions, including behavioural flexibility and response inhibition (see Robbins & Arn-
sten, 2009, for a review). Small amounts of alcohol can activate the inhibitory GABA-A 
receptors, concentrations of which are found in the prefrontal and temporal cortices and 
cerebellum. Decreased activity in these areas can lead to loss of inhibition, loss of long-
term memory and loss of coordinated motor function (see Olsen et al., 2007, for a review). 
But there are important sex differences in effects of alcohol, so for the same alcohol intake, 
females develop higher levels of blood alcohol concentration than males, possibly due to 
less efficient basal gastric metabolism in females (Baraona et  al., 2001), and even small 
doses of alcohol (below 0.5 g/kg) have been shown to impair cognitive skills and manual 
performance in females to a greater extent than in males (e.g. Banks et al., 2004; Miller 
et al., 2009; see Erol & Karpyaka, 2015, for an overview of biological gender differences 
with alcohol). The last consideration is that of long-term abuse since chronic alcohol use 
disorder can lead to lasting cognitive impairments, particularly in executive functions and 
visuospatial abilities (Cermak, 1990; Koob, 1997; Sullivan et al., 2000), and it is important 
to note that these impairments can extend beyond detoxification (Dick et al., 2010).

General Effects of Alcohol Consumption on Gambling Behaviour

From the broad review above, we would expect alcohol consumption to be associated 
with increases in impulsiveness (Vazey et al., 2018) and risk-taking in a gambling con-
text and this has found support from studies by Phillips and Ogeil (2007). Distortion of 
emotion (Vazey et al., 2018) and impairment in working memory (Dry et al., 2012) are 
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also likely to determine the extent to which a player evaluates losses, both emotionally 
and financially, and we would expect to find specific gambling behaviour effects such as 
higher bet size. Again, there is some evidence of this, though thus far the findings have 
been mixed. For example in their laboratory study, Cronce and Corbin (2010) reported 
that participants in their alcohol condition made significantly larger bets than a placebo 
group, a result also reported in an earlier laboratory study by Ellery et al. (2005). Simi-
larly, Sévigny et al. (2016) reported circumstantial evidence that those drinking moder-
ate amounts of alcohol in the venue spent more money per hour on gambling than those 
who did not drink alcohol. Although Sévigny et al.’s finding was confounded by the size 
of the venue, Baron and Dickerson (1999) also reported a significant positive correla-
tion between the amount of alcohol consumed and size of the initial stake. In contrast to 
these findings, Bussu and Detotto (2015) found no association between the consumption 
of alcohol in venue and the bet size amongst a sample of gamblers that included elec-
tronic gaming machine (EGM) players; however, the bet size of those gambling with 
concurrent consumption of alcohol, nicotine and illicit drugs was significantly higher 
than that of those who abstained.

Considering the potential effects that alcohol can have in overriding cues to quit by 
diminishing capacity for attentional inhibition, working memory (Dry et  al., 2012), per-
ception of time (Hernández-Collados et  al., 1997; Ogden et  al., 2011), behavioural flex-
ibility and response inhibition (Robbins & Arnsten, 2009), the combined effect is likely 
to lead to increased length of play, compounded by a decrease in reaction time (Kerr & 
Hindmarch, 1998). In support of this hypothesis, several laboratory-based studies, using 
precisely administered doses of alcohol, have shown such a positive correlation with time 
spent on EGMs (Ellery et al., 2005; Giacopassi et al., 1998; Kyngdon & Dickerson, 1999), 
although in contrast, Stewart et al. (2002) found no correlation between play duration and 
alcohol consumption in their laboratory study. As useful as they are, laboratory studies may 
be sensitive to unintended participant strategies. For example, Cronce and Corbin (2010) 
also reported a null effect of administered alcohol on participants’ duration of laboratory-
simulated EGM play. However, their participants were told that they could convert their 
unused credits into cash at any point in the experiment, highlighting a difficulty in non-nat-
uralistic studies insofar as participants may have correctly anticipated that the simulation 
was programmed to take all their credits through a methodically implemented progressive 
loss schedule over the experimental period. In the first large-scale ethnographic survey of 
alcohol consumption and gambling, Markham et al. (2012) reported that moderate alcohol 
consumption (between 1 and 4 standard units) was negatively, rather than positively, asso-
ciated with EGM gambling duration when compared with zero alcohol consumption and 
this negative correlation was particularly strong with problem gamblers (see similar find-
ings from Baron & Dickerson, 1999). Although Markham et al.’s findings are counterintui-
tive and in the opposite direction to the one we predict on the basis of what we know about 
the effects of alcohol on cognitive processing, the findings of all these studies highlight 
the importance of not treating gamblers as a homogeneous group when looking at effects 
of alcohol. In jurisdictions such as Australia, where this study was conducted, the level of 
direct cognitive involvement in EGM play is minimal, and therefore, reaction time would 
make a small effect on the time spent playing each game, although there is an increasing 
trend for games that combine random play of traditional EGMs with elements of low-level 
skills such as hand–eye coordination and reaction time that effectively act as a multiplier 
for any wins associated with random play (c.f. Skill Based Games Inc.’s GotSkill games) 
and might have also have a minor impact on winnings (Delfabbro & Gainsbury, 2020).
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Alcohol Use Disorder and Gambling

So far, we have discussed the potential and reported effects of concurrent alcohol con-
sumption on occasional gambling, but heavy alcohol consumption is also a known risk 
factor for problem-gambling (Ellery & Stewart, 2014; Smart & Ferris, 1996) and there 
is a high co-occurrence of gambling and alcohol problems (Barnes et  al., 2015; Harries 
et al., 2017; Harvanko et al., 2012; Hing et al., 2016; Shen et al., 2015). Petry et al. (2005) 
found the prevalence of alcohol use disorder amongst problem gamblers to be as high as 
73.2% (see Park et al., 2010; Shek et al., 2012, for similar findings), although the strength 
of this correlation varies widely according to the type of gambling and the type of venue 
(Gainsbury et al., 2012; Sévigny et al., 2016). A meta-analysis reported by Lorains et al. 
(2011) identified a mean prevalence of 28.1% comorbidity of alcohol use disorder (unac-
companied by other substance disorders) and pathological gambling. Although the level of 
alcohol disorder amongst problem gamblers is far higher than the population norm, these 
findings nevertheless indicate that most problem gamblers do not have an alcohol use dis-
order. Given the evidence of lasting cognitive impairments in executive and visuospatial 
functions that extend beyond detoxification (Cermak, 1990; Dick et al., 2010; Koob, 1997; 
Sullivan et al., 2000), we predict that pre-existing alcohol-related impairments will mean 
those with alcohol problems will already be exhibiting high-risk-taking behaviours and 
will therefore be less susceptible to temporary cognitive deficits normally associated with 
concurrent drinking.

Taken together, when EGM players consume alcohol in a naturalistic setting, they are 
likely to spend more money but play for less time than those abstaining. The latter part of 
this hypothesis is supported by Leino et al. (2017) in a study of players in Norwegian state 
gambling venues where there is a legally imposed daily gambling limit. In one of the few 
studies to compare EGM gambling in venues that do and do not serve alcohol, they found 
that of the players who quit before reaching their gambling limit, players in venues where 
alcohol was served did indeed play for less time and lost more money than when playing 
in non-alcohol serving venues; however, they also bet less money than when in the non-
alcohol serving venues. Here, it is important to distinguish between gross and net expen-
ditures during an EGM session. While gross expenditure may be low, it is still possible for 
players to walk away with a greater net loss than those with a higher gross expenditure, and 
vice versa. Whether these differences were directly related to the availability of alcohol is 
uncertain since availability does not necessarily equate to consumption and there was no 
record of those who did or did not consume alcohol in the venue. However, in explaining 
the results of their study, Leino et al. (2017) suggest this may have been due to greater risk-
taking when gambling in alcohol serving venues.

Biological Gender, Alcohol Use and Gambling

Another factor known to influence gambling behaviour is biological gender. Female gam-
blers are generally more risk averse than male gamblers (Wong et al., 2013), and this may 
in part be because females are more likely to use gambling as a means of escape from 
mentally or emotionally challenging situations and mood states (Sacco et al., 2011; Strong 
& Kahler, 2007; Wenzel & Dahl, 2009) whereas males are driven more by gambling urges 
and an overestimation of their ability to control the outcome (Smith et al., 2015; Wenzel 
& Dahl, 2009). In general terms, men spend more money and more time on gambling than 
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women (Delfabbro, 2012; Hing & Breen, 2001), and although non-problem gamblers of 
both sexes prefer to play low-stake (one cent) EGMs, at-risk and problem-gambling males 
are significantly more likely to bet on more than one credit line than at-risk or problem-
gambling females (Delfabbro, 2012; Hing et al., 2016). Given the higher levels of alcohol-
related cognitive impairment for the equivalent dose in females than males (Erol & Kar-
pyaka, 2015), we would expect to find greater effects in females than males.

Given the common availability of alcohol in gambling venues, such as hotels, clubs 
and casinos, and given that both alcohol and biological gender have previously been dem-
onstrated to have an influence on gambling behaviour in terms of duration and bet size, 
we were interested to explore these factors in more detail. Indeed, in acknowledging the 
baseline differences between male and female risk-taking behaviour discussed above, and 
given that alcohol is known to increase risk-taking behaviour (Chesher & Greeley, 1989; 
Fillmore, 2007), we expected to find a complex pattern of interaction between alcohol con-
sumption and biological gender. To contain the number of variables, and given the dif-
ferent behavioural patterns associated with different forms of gambling, we restricted the 
scope of this paper to EGMs. In this study, we surveyed the gambling behaviour of a large 
sample that could be subdivided according to biological gender, use of alcohol during 
game play, problem alcohol use, problem-gambling status and playing EGMs in a gaming 
venue when either consuming or not consuming alcohol. We wished to test three specific 
hypotheses. Despite previously inconsistent empirical findings, the first hypothesis was 
that those drinking alcohol at the venue would prefer to spend more time gambling, prefer 
higher denomination machines, prefer to bet on more lines (a behaviour that will lead to 
more rapid financial loss) and spend more overall (net expense) than those not drinking 
alcohol. This hypothesis was based on several physiological and neurological effects of 
alcohol discussed earlier, including a reduction in cognitive processing speed, reduction 
in reaction time, lowering of response inhibition, reduction in behavioural flexibility and 
increase in impulsivity.

Our second hypothesis was based on the understanding that alcohol misuse can lead 
to long-term cognitive deficits that mirror the short-term impairments experienced during 
alcohol intoxication (Hayes et  al., 2016). On this basis, we predicted that the cognitive 
deficits from concurrent alcohol consumption described above would be apparent only in 
non-problem drinkers. Those with alcohol problems would likely already be experiencing 
chronic cognitive deficits, and therefore, we would not expect much additional effect from 
concurrent alcohol consumption. Specifically, we predicted that when consuming alcohol 
at the venue, those without alcohol problems who usually consumed alcohol at the venue 
would prefer to bet more lines on higher denomination machines and spend more time/
money than those who did not consume alcohol. For those with alcohol problems, we pre-
dicted that the consumption of alcohol would have no effect on these dependent variables 
since these gamblers would be more likely to take high financial risks, regardless of alco-
hol intake.

Our third hypothesis was that, given the differences in male and female metabolism of 
alcohol, there would be an interaction between alcohol consumption, problem-gambling 
status and biological gender for a preferred number of lines bet, preferred machine denomi-
nation, expenditure and duration. Although females are generally more risk averse than 
males, we know that problem gamblers are more risk-tolerant than non-problem gam-
blers and that alcohol, as discussed earlier, increases risk-taking behaviour. Without alco-
hol consumption, low-risk or non-problem-gambling females without alcohol problems 
would minimise their risk with a preference for lower denomination EGMs, fewer lines 
and spending less time and money gambling than low-risk or non-problem-gambling males 
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without alcohol problems. However, since alcohol has a greater effect on females than on 
males, we predicted that concurrent alcohol consumption would eliminate biological gen-
der differences for these same dependent variables. Since problem gamblers are—neces-
sarily—risk-takers and cognitive deficits in problem drinkers also make them high-risk 
takers, we predicted no biological gender differences for non-alcohol-problematic players, 
either in those consuming or not consuming alcohol.

Method

Recruitment and Sampling

Having received approval from Southern Cross University Human Research Ethics Com-
mittee, with reciprocal approval from Central Queensland University, panel aggregator 
Qualtrics contacted members of several online research panels with a request to take part 
in an online survey. Following informed consent, respondents completed a series of screen-
ing questions and Australian residents over 18 years old who played EGMs on an at least a 
monthly basis over the preceding 12 months were permitted to continue.

Of the 11,893 respondents who initiated the survey, 7870 were screened out due to not 
playing EGMs on a monthly basis, 23 were screened out for being under 18 and nine were 
screened out because they were not located in Australia. A further 142 were not invited 
to continue with the survey because age and gender quotas had been applied in order to 
ensure a mix of ages and genders in the final sample.

The survey also included data quality checks, including two attention checks (1698 dis-
continued for failing to pay attention), and a speed limit (based on the 1

/

3
 median response 

time of a small pilot study, 133 were discontinued). Of the remaining 2018, a further 448 
were excluded on the basis of incomplete data (failure to complete the Problem Gambling 
Severity Index (PGSI) scale; Ferris & Wynne, 2001), leaving 1570 included in the subse-
quent analyses (919 males, 651 females). Participant’s ages ranged from 18 to 99 (mean 
age = 42.3, SD = 16.6).

Measures and Procedure

In choosing a survey design, we aimed to offset any loss of fine-grained control over the 
variables with the natural averaging produced by retrospective self-report. All participants 
completed an online questionnaire, hosted on the Qualtrics online survey platform. Having 
indicated their age and biological gender, participants were presented with the PGSI (Fer-
ris & Wynne, 2001). The PGSI consists of nine items, each rated on a 4-point scale from 
0 = never to 3 = almost always. Five items assessed the negative consequences of gambling, 
for example How often have you felt you might have a problem with gambling?, while 
four of the items assessed problem-gambling behaviours, for example How often have you 
bet more than you could afford to lose? Using the categories recommended by Ferris and 
Wynne (2001), respondents were put into four groups based on the sum of their scores 
across the nine items: non-problem gamblers (0 points), low-risk gamblers (1 to 2 points), 
moderate-risk gamblers (3 to 7 points) and problem gamblers (8 to 27 points). Alcohol 
use disorders were assessed using CAGE (Cut down, Annoyed, Guilty, and Eye-opener; 
Ewing, 1984) which appraises four aspects of potential alcohol problems by asking the 
question Have you ever; felt the need to cut down your drinking; felt annoyed by criticism 
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of your drinking; had guilty feelings about drinking; taken a morning eye opener? Each 
item was scored as either yes = 1 or no = 0. CAGE is a clinical screening method that has 
been validated in both clinical and general populations (Chan et  al., 1994). Although a 
score of ≥ 2 is considered to be clinically significant (Ewing, 1984), we elected to use the 
more sensitive scoring method of a score ≥ 1, which retains a high level of specificity (85%) 
and sensitivity (89%) in predicting those with alcohol problems (Bush et al., 1987) and is 
commonly used for research purposes (Imperatori et al., 2020), although there is some evi-
dence that this scoring may overestimate high alcohol consumption levels in a general pop-
ulation. However, in anticipating our results, we found that our participants scored either 0 
or > 1 on the CAGE. Finally, alcohol use while gambling was assessed by a single question, 
where respondents indicated whether they usually drank one or more alcoholic beverages 
while gambling at their favourite EGM venue (yes or no).

The first of the dependent variables, expenditure, was a free response item in which par-
ticipants estimated their recent average within-session spending (net expense) on EGMs, 
not counting recycling of winnings. Both median and modal spend were $50; however, the 
distribution of this variable was skewed due to 14 extreme values of $1000 or more that 
were removed in order to normalise the distribution, leaving a total of 1557 participants. 
Denomination of the player’s preferred (most played) EGM was assessed with the follow-
ing response options: 1c, 2c, 5c, 10c, 20c, 25c, $1 and $2 or more, although respondents 
also had the option to select other and provide their own answer. Answers in the other 
category were subsequently re-coded, and a 50c category was added. Mode and median 
preferred denomination were both 1c. The number of lines typically played per spin on the 
participant’s favourite machine was recorded using the following response options: 1, 2, 5, 
10, 20, 25 and more than 25 lines, with respondents being able to select other and provide 
their own answer. Most respondents who selected other said “maximum number of lines” 
and were reclassified into the more than 25 lines category. The modal number of lines bet 
was 25, whereas the median number of lines bet was 10. In describing the usual length of 
a session, participants could select from the following: 1–5  min, 6–15  min, 16–30  min, 
31–59 min, 1–2 h, 2–3 h, 3–5 h or 5 h or more. Modal length of play was 16–30 min, and 
median was 31–59 min.

Fewer participants (n = 645) reported that they usually drank alcohol at the venue than 
those who usually abstained (n = 925) although with our sensitive scoring of CAGE there 
were only slightly fewer participants with alcohol problems (n = 756) than those with-
out (n = 814). PGSI scores were skewed towards the problem-gambler category (n = 625) 
which represented approximately 40% of the sample, and fewest were represented in the 
low-risk category (n = 234) which represented less than 15% of the sample. The number of 
moderate-risk gamblers (n = 310) represented almost 20% of the sample, but was slightly 
lower than the number of non-problem gamblers (n = 401) which represented approxi-
mately 25% of the sample. Figs.  1, 2  and 3 present the frequency distributions of these 
variables. Panel samples are known to have higher rates of gambling problems compared to 
the general population (Russell et al., 2021).

Drink at venue No drink at venue

With alcohol problems 441 306

Without alcohol problems 480 330

Fig. 1  Contingency table for the number of participants drinking or not drinking at the venue, with or with-
out alcohol problems
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Statistical Analysis

As a first step, we wished to investigate the degree to which our population samples 
overlapped. In particular, we wanted to know the degree to which players with alcohol 
problems were also those who drank alcohol at the venue. To do this, we performed a 
2 × 2 chi-square with alcohol at the venue (yes/no) and alcohol problems (yes/no). There 
was no significant overlap between the groups, X2 (1, n = 1557) = 0.01, p = 0.93. As can 
be seen from the contingency table in Fig. 4, the groups were fairly evenly distributed.

The data were entered in a multivariate analysis of variance (MANOVA) with par-
ticipant biological gender (male vs female), drink-at-venue (yes vs no), alcohol problems 
(yes vs no) and PGSI group as the independent variables. The four dependent variables 
were preferred EGM denomination (ranging from 1c to $2 or higher), the usual number 
of lines bet (ranging from 1 to more than 25), the typical length of play (ranging from 
1–5 min to more than 5 h) and the average amount spent per session (free response in 
Australian dollars). The first three dependent variables had non-continuous ordinal values 
and while this does not pose a problem for our research question, the data are necessarily 

Fig. 2  Frequency of participant preferred EGM denomination

Fig. 3  Frequency of participant preferred number of lines bet
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non-parametric. In order to test our hypotheses, we required the flexibility of parametric 
tests to identify both main effects and interactions and so, following Conover and Iman 
(1981), we analysed rank-transformed data for the non-parametric dependent variables. 
Therefore, we report mean ranks, rather than median values, where appropriate.

Results

Biological Gender, CAGE and PGSI

Since all our hypotheses involved the concurrent consumption of alcohol and gambling, 
we made no predictions about the main effects for biological gender, alcohol problems 
(CAGE) or gambling problems (PGSI), though we found a significant effect of PGSI on 
average spend, such that there was an increase in average expenditure from AUD39.76 for 
PGSI1 players to AUD133.31 for PGSI players (F(1, 1525) = 45.99, p = 0.00), and a mar-
ginal main effect of CAGE for preferred machine denomination which increased as the 
level of gambling problem increased (F(1, 1525) = 3.24, p = 0.07), and there were no other 
main effects for these independent variables. There was, however, a significant interaction 
between PGSI and biological gender for average expenditure (F(3, 1525) = 5.06, p = 0.00). 
Figure 5 suggests that the generally higher level of spending for male players was consist-
ent for all but problem gamblers, for whom the gender difference was reversed. This was 
confirmed by a post hoc t-test showing that female problem gamblers spent significantly 
more (mean expenditure = $169.36) in an average EGM session than male problem gam-
blers (mean expenditure = $109.70) (t(612) = 4.97, p = 0.00 (two tailed)).

Drinking Alcohol at the Venue

Our first hypothesis was that those who usually drank alcohol at the venue would spend 
more time and money gambling and prefer to bet on more lines using higher denomination 
machines than those who did not usually drink alcohol at the venue. In partial support of 
this hypothesis, we found a significant difference in preferred machine denomination such 

Fig. 4  Frequency of participant preferred number of lines bet
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that those who usually drank alcohol at the venue preferred higher denomination machines 
(mean rank denomination = 826) than those who did not (mean rank denomination = 742) 
(F(1, 1525) = 9.06, p = 0.00). However, drinking alcohol at the venue did not independently 
affect any other dependent variable.

Alcohol by CAGE Interaction

In partial support of our second hypothesis, there were numerical differences in terms of 
the number of lines bet for payers with and without alcohol problems who either drank 
alcohol at the venue or did not. Players without alcohol problems who usually drank alco-
hol at the venue bet on more lines (mean rank = 804) than those who did not usually drink 
alcohol at the venue (mean rank lines = 748). For those with alcohol problems, players who 
usually drank alcohol at the venue bet on fewer lines (mean rank = 767) than those who did 
not usually drink alcohol at the venue (mean rank lines = 823) (see Fig. 6). Although the 
predicted Alcohol × CAGE interaction did not reach a conventional level of significance 
(F(1, 1525) = 3.57, p = 0.06), we continued to explore this interaction given that more 
power is needed to detect a significant interaction than a main effect, and that our a priori 
hypothesis had led us to predict that those without alcohol problems would bet on more 
lines when drinking alcohol than those not drinking alcohol, whereas drinking alcohol at 
the venue would make no difference to those with pre-existing alcohol problems.
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This was supported by a planned t-test confirming that of the players without alcohol 
problems, those who usually consumed alcohol at the venue bet significantly more lines than 
those who did not usually drink (t(808) = 1.72, p = 0.04 (1 tailed)). The numerical difference 
for players with alcohol problems between those who usually drank at the venue and those 
who did not was marginally significant (t(745) = 1.53, p = 0.06 (1 tailed)), though in the oppo-
site direction as seen in Fig. 6. An alternative account of the interaction, still in line with our 
hypothesis, is that those with alcohol problems who did not drink at the venue behaved like 
high-risk gamblers compared to those without alcohol problems, whereas the number of lines 
bet for those drinking at the venue was unaffected by pre-existing alcohol problems. This pat-
tern was also supported with t-tests showing that for non-drinkers, those with alcohol problems 
bet on significantly more lines than those without alcohol problems (t(634) = 2.10, p = 0.02 (1 
tailed)). For those that drank at the venue, there was no significant difference in the number of 
lines bet for those with and without alcohol problems (t(674) = 1.06, p = 0.15 (1 tailed)). There 
was no indication of an interaction for the other three dependent variables (DVs).

Biological Gender by Alcohol by PGSI Interaction

In partial support of our third hypothesis, there were significant 3-way interactions between 
biological gender, alcohol consumption at the venue and PGSI score for preferred bet 
denomination (F(3, 1525) = 4.11, p < 0.01) and for average spend (F(3, 1525) = 3.251, 
p = 0.02). As predicted, for those who usually did not consume alcohol at the venue, non-
problem and low-risk male gamblers preferred higher denomination machines (mean 
rank = 863.56 and mean rank = 805.91, respectively) than non-problem and low-risk female 
gamblers (mean rank = 689.69 and mean rank = 696.97, respectively). However, for those 
who usually consumed alcohol at the venue, the preferred machine denominations of 
female non-problem and low-risk gamblers (mean rank = 901.18 and mean rank = 831.94, 
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Fig. 6  Mean rank score of the number of preferred lines bet by EGM players who usually drink at the venue 
and those who do not, subdivided into those with alcohol problems (CAGE) and those without alcohol 
problems (no CAGE). Error bars show standard error
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respectively) were similar to those for non-problem and low-risk male gamblers (mean 
rank = 801.87 and mean rank = 809.03, respectively). The pattern was reversed for at-risk 
and problem gamblers such that for those who usually did not consume alcohol at the 
venue, male at-risk and problem gamblers preferred lower denomination machines (mean 
rank = 598.25 and mean rank = 721.37, respectively) than female at-risk and problem gam-
blers (mean rank = 789.19 and mean rank = 767.57, respectively). However, for those who 
usually consumed alcohol at the venue, the preferred machine denominations of female 
at-risk and problem gamblers (mean rank = 789.91 and mean rank = 811.84, respectively) 
were lower than those for male at-risk and problem gamblers (mean rank = 841.65 and 
mean rank = 819.73, respectively).

Since none of the simple two-way interactions was significant, we went on to directly 
test our hypothesis by first selecting only non-problem and low-risk gamblers (collapsed) 
and conducted two planned orthogonal t-tests. The first test confirmed that for those 
who did not usually consume alcohol at the venue, males preferred higher denomina-
tion machines than females (t(210) = 2.07, p = 0.02 (1 tailed)). The second test confirmed 
that for those who usually consumed alcohol at the venue, males and females had similar 
machine denomination preferences (t(421) = 1.39, p = 0.08 (1 tailed)). We then took the 
same approach by collapsing the at-risk and problem gamblers and conducted two further 
planned orthogonal t-tests; however, the differences in preferred machine denomination 
between high-risk/problem gambler males and females, either drinking or not drinking, 
were not significant (t(497) = 0.27, p = 0.18 (1 tailed), and t(422) = 1.01, p = 0.40 (1 tailed), 
respectively). For the significant interaction with average spend as the DV, there was a 
somewhat different pattern such that drinking at the venue and gender had little effect for 
no-risk, low-risk and at-risk players, but female problem gamblers who did not drink at the 
venue spent far more on an average session ($212.94) than any other group of problem-
gambling participants, as clearly seen in Figs. 7 and 8.
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Discussion

While the positive correlation between problematic alcohol consumption and problematic 
gambling behaviour has been well established in the literature (Barnes et al., 2015; Har-
ries et  al., 2017; Harvanko et  al., 2012; Hing et  al., 2016; Shen et  al., 2015), little has 
been established about the factors that might potentially interact with alcohol consump-
tion while gambling, such as alcohol dependency/abuse, biological gender and gambling 
risk (Bussu & Detotto, 2015). In summarising our significant findings, players who usu-
ally drank alcohol while gambling at a venue preferred higher denomination machines 
than those not usually drinking. Players without alcohol problems who consumed alcohol 
at the venue preferred to bet on more lines than their peers who did not drink alcohol at 
the venue. However, since players with alcohol problems already bet on a high number 
of lines when not drinking alcohol, drinking alcohol at the venue made no difference to 
the number of lines bet for this group. When we examined only non-problem and low-risk 
gamblers who did not usually drink at the venue, we found that whereas male gamblers 
preferred to bet on higher denomination EGMs than female gamblers, there was no differ-
ence in machine denomination preference between males and females who drank alcohol 
at the venue, suggesting that drinking at the venue is more likely to increase risk-taking in 
females. Although the pattern of numerical differences for at-risk and problem gamblers 
was opposite to that for non-problem and low-risk gamblers, these differences were not sta-
tistically significant. In contradiction to our hypothesis, we found that problem-gambling 
females who did not drink at the venue spent more in an average EGM session than any 
other group, including male and female problem gamblers who drank at the venue. Finally, 
although we had made no prior hypothesis about the observed interaction between PGSI 
and biological gender, examination of Fig. 5 suggests that while male gamblers generally 
spent more on EGMs than female gamblers, this biological gender difference was reversed 
for problem gamblers (PGSI 4). This reverse-differential spending effect was both interest-
ing and unexpected and warrants further investigation.

From a physiological perspective, we know that alcohol binds to GABA-A neuro-
transmitter receptors, leading to a depressive effect on the central nervous system and 
subsequent slowing of reaction times. From this, we had hypothesised that we might 
find an increase in average length of play amongst those who usually consumed alcohol 
while gambling at a venue, though previous findings had been ambiguous, with some 
studies showing an effect (Baron & Dickerson, 1999; Ellery et  al., 2005; Giacopassi 
et al., 1998; Kyngdon & Dickerson, 1999; Markham et al., 2012) and others, like ours, 
showing no effect on duration of play (Cronce & Corbin, 2010; Stewart et  al., 2002). 
Together, these findings suggest that factors other than alcohol alone are determinants in 
the decision of a player to end a session, e.g. hunger, boredom threshold, wins or losses 
(Rockloff et  al., 2019). However, since we employed a survey methodology, asking 
about general alcohol consumption habits at venues, we cannot rule out a dose-based 
effect that would be more accurately determined by a laboratory study (e.g. Dry et al., 
2012) or an in-venue observation study focusing on a single gambling session. Indeed, 
studies showing a positive correlation between alcohol consumption and play duration 
have been largely laboratory based. It is therefore interesting to note that the negative 
association between alcohol consumption and EGM gambling duration reported by 
Markham et  al. (2012) was strongest with problem gamblers, indicating that alcohol 
may differentially affect gambling amongst different types of gamblers. As we have 
shown in our interaction between PGSI, alcohol and biological gender, different types of 
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gamblers are differentially affected by alcohol consumption such that there was a greater 
preference for higher denomination machines amongst non-drinking, non-problem and 
low-risk males than amongst non-drinking, non-problem and low-risk females. This 
biological gender difference was eliminated amongst equivalent groups of participants 
that usually drank alcohol while gambling at the venue.

In contrast to the findings of Leino et al. (2017), those who usually drank alcohol at the 
venue in our study did not differ in average spend per session; however, they bet on higher 
denomination machines than non-drinkers. This is consistent with findings from both labo-
ratory (Cronce & Corbin, 2010; Ellery et al., 2005) and field (Baron & Dickerson, 1999; 
Sévigny et al., 2016) studies and may represent an alcohol-induced increase in risk-taking 
behaviour (Chesher & Greeley, 1989; Fillmore, 2007), although Bussu and Detotto (2015) 
reported an increase in bet size only when alcohol was consumed concurrently with nico-
tine and illicit drugs. We had no measure of either smoking or illicit drug consumption, but 
there is much evidence to show a positive correlation between the consumption of alcohol, 
nicotine and illicit drugs (e.g. Kendler et al., 2008), and we might therefore assume that at 
least some of our sample also consumed cigarettes and illicit drugs. Although we are not 
able to make any claims about causality, we do nevertheless suggest it is important to take 
some measure of smoking and commonly used illicit drugs in any future investigation of 
preferred EGM denomination or bet size.

Our finding that those who drank alcohol at the venue preferred higher-denomination 
EGMs than those who did not drink alcohol at the venue makes an interesting contrast 
with the often used mini-max strategy whereby experienced EGM players place minimum 
bets on the maximum number of credit lines (Harrigan et  al., 2011; Walker, 2001; Wil-
liamson & Walker, 2001). Indeed, Williamson and Walker (2001) found that around half 
of the players they sampled used the mini-max strategy. In contrast, our findings suggest 
an alternative strategy amongst players without an alcohol use disorder who drank alcohol 
at the venue, since they preferred higher denomination EGMs and betting on more lines 
than their peers who did not drink alcohol at the venue. By using a double-max strategy, 
these gamblers potentially maximised the size of any win, albeit offset by more rapid loss. 
Such choice of strategy can be accounted for by the fact that the effects of alcohol lead to 
greater risk-taking (Chesher & Greeley, 1989; Fillmore, 2007) and a short-term increase in 
impulsiveness (Vazey et al., 2018). However, once again, there is a need for replication and 
precise measurement of bet size in order to investigate this possibility.

Although it has been generally reported that male players have a preference for higher 
denomination EGMs than females (Delfabbro, 2012; Hing et al., 2016; Wong et al., 2013), 
it is interesting to note that low-risk female gamblers consuming alcohol at the venue had 
a higher EGM denomination preference than all other groups in our study, and that at-risk 
male gamblers who did not drink at the venue had the lowest EGM denomination pref-
erence. Moreover, we also found that female problem gamblers who did not drink at the 
venue made a far higher average expenditure than any other group. These findings suggest 
that the conception of females being more risk averse than males holds true only under cer-
tain conditions and that the pattern of interactions with biological gender is complex, and 
we hope these finding will prompt further research.

Limitations

While having the advantage of reporting the experiences of authentic EGM players in 
a naturalistic environment, our study lacked the tight control of a laboratory study. In 
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particular, we lacked precise measurement of alcohol consumed at the venue and we relied 
on retrospective reports rather than observed behaviour. Rather than assessing alcohol con-
sumption while gambling with a single yes or no response, a continuous response scale 
from never to always and a measure of quantity would have enabled more fine-grained 
analysis of the effects of alcohol on gambling behaviour. Furthermore, since drinking at the 
venue was an uncontrolled variable, we cannot assume causality. There is the possibility 
that both the decision to drink and the decision to take higher risks in gambling were deter-
mined by a latent variable and this can only be ruled out by direct experimental manipula-
tion of alcohol consumption. But another potential issue is the accuracy of the players’ 
self-reports in terms of the amount spent which tends to be an underestimate, particularly 
with high expenditure (Auer & Griffiths, 2017) which may be compounded by the detri-
mental effects of alcohol consumption on memory (Dry et al., 2012), and this may explain 
the lack of significant differences in terms of expenditure. Moreover, while our measure of 
preferred machine denomination was useful, we could gain more insight by asking about 
preferred bet size per spin (c.f. number of credits per line and number of lines). In the light 
of our findings, we believe this may be important, particularly for players who drink at the 
venue since we have some indication of a strategy adopted by that subgroup. Finally, since 
we did not ask participants about their use of drugs, illicit or otherwise, we were not in a 
position to directly address the finding by Bussu and Detotto (2015) that a combination of 
alcohol and illicit drugs, rather than just alcohol alone, would influence the amount bet.

Conclusion and Implications

In summary, this study examined individual differences in response to concurrent alcohol 
consumption and gambling to more precisely identify their association with elements of 
EGM gambling behaviour. The double-max strategy we found amongst gamblers with an 
alcohol use disorder who consumed alcohol at the venue may be accounted for by increases 
in neural dopamine caused by alcohol, in addition to that already resulting from gambling 
(Goodman, 2008). Dopamine acts as a signal for imminent reward (Montague & Berns, 
2002), but it has also been shown to correlate with the expected magnitude and probability 
of the reward (Rolls et al., 2008). It is possible therefore that alcohol intensifies the antici-
pation of reward, thus encouraging riskier bets. In order to examine this in more detail, 
future studies should determine the preferred bet size rather than preferred EGM denomi-
nation, ideally with measurement of neural dopamine levels.

While the use of retrospective questionnaires is widespread in psychology, it is nev-
ertheless susceptible to involuntary distortions of memory (self-deceptive enhancement) 
and impression management (Goldstein et al., 2017). An in situ observational study is 
theoretically possible, though such close observation would be looked upon with sus-
picion and would pose ethical problems, particularly in terms of monitoring alcohol 
consumption. Moreover, it would likely influence behaviour in unintended ways, c.f. a 
reduction in drinking and/or gambling. However, given that we have a clear indication 
of the important dependent variables, further investigation of these phenomena could 
employ at least a real-time diary study, with participants recording their alcohol con-
sumption, along with other variables of interest, over the period of a single session.

Our findings have practical implications, particularly regarding the sale and con-
sumption of alcohol in gambling venues, since we have shown that concurrent con-
sumption of alcohol is associated with a preference for higher denomination machines 
that increase the risk of more rapid financial loss. A practical way to minimise such 
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harm would be in the form of information available to gamblers, making them aware 
of the ways in which alcohol may affect their decision making and the potential finan-
cial impact it could have. As is currently the case with pregnancy, it is also important 
to alert female gamblers to their greater physiological susceptibility to alcohol and the 
ways in which it may adversely affect their judgement while playing EGMs. In addition, 
reducing the maximum denomination amount allowable on EGMs would help to reduce 
the more rapid losses associated with higher-denomination EGMs, and may reduce their 
attraction to gamblers affected by alcohol. Further, venues need to adhere to regulations 
governing responsible service of alcohol to prevent EGM players from gambling while 
intoxicated. Finally, the evidence presented here gives support to the recommendation 
that sale of alcohol should not be permitted at gambling venues.
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