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ABSTRACT

Background and aims: Problem gambling severity and gambling-related harm are closely coupled, but
conceptually distinct, constructs. The primary aim was to compare low-risk gambling limits when
gambling-related harm was defined using the negative consequence items of the Problem Gambling
Severity Index (PGSI-Harm) and the Short Gambling Harms Scale items (SGHS-Harm). A secondary
aim was compare low-risk limits derived using a definition of harm in which at least two harms across
different domains (e.g. financial and relationship) were endorsed with a definition of harm in which at
least two harms from any domain were endorsed. Methods: Data were collected from dual-frame
computer-assisted telephone interviews of 5,000 respondents in the fourth Social and Economic Impact
Study (SEIS) of Gambling in Tasmania. Receiver operating characteristic (ROC) curve analyse were
conducted to identify low-risk gambling limits. Results: PGSI-Harm and SGHS-Harm definitions
produced similar overall limits: 30–37 times per year; AUD$510–$544 per year; expenditure comprising
no more than 10.2–10.3% of gross personal income; 400–454 minutes per year; and 2 types of gambling
activities per year. Acceptable limits (AUC ≥0.70) were identified for horse/dog racing, keno, and
sports/other betting using the PGSI definition; and electronic gaming machines, keno, and bingo using
the SGHS definition. The requirement that gamblers endorse two or more harms across different
domains had a relatively negligible effect. Discussion and conclusions: Although replications using
alternative measures of harm are required, previous PGSI-based limits appear to be robust thresholds
that have considerable potential utility in the prevention of gambling-related harm.
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INTRODUCTION

The public health perspective, which frames gambling within a whole of population approach
to inform policy for prevention and intervention practices, involves identifying determinants
and subsequent harms of problematic gambling behaviour (Korn & Shaffer, 1999). Langham
et al. (2016) functionally defined gambling-related harm as ‘any initial or exacerbated adverse
consequence due to an engagement with gambling that leads to a decrement to the health or
wellbeing of an individual, family unit, community or population’. They developed a
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conceptual framework that organised harms across broad
domains: financial harm; relationship disruption, conflict or
breakdown; emotional or psychological distress; decrements
to health; cultural harm; reduced performance at work or
study; and non-normative/criminal activity. Problem
gambling severity and harm are closely coupled but
conceptually distinct constructs, and harm that occurs below
the clinical threshold of pathology is still relevant to policy
(Browne & Rockloff, 2017; Delfabbro & King, 2019). Thus, a
harm-reduction approach tends to be more focused on
preventing harmful gambling rather than preventing the
psychiatric condition of disordered gambling (Currie et al.,
2006; Currie, Miller, Hodgins, & Wang, 2009).

In the alcohol field, low-risk drinking limits have been
developed to distinguish between low and high-risk drinking
behaviour (Room & Rehm, 2012). Although these limits
have been subject to some criticism (Casswell, 2012; Room
& Rehm, 2012), they serve as the basis for low-risk drinking
guidelines that are promoted to the general public to help
individuals make informed choices about their drinking
habits and their associated risks (National Health and
Medical Research Council [NHMRC], 2020; Room & Rehm,
2012). In contrast, there has been very little empirical
research attempting to define levels of low-risk gambling,
despite findings that many gamblers attempt to reduce their
gambling by setting frequency, expenditure, and time limits
(Currie, Hodgins, Wang, El-Guebaly, Wynne, et al., 2008).
Gambling stakeholders and the general public believe that
empirically-derived low-risk limits are important in
preventing gambling-related harm (Currie, Hodgins, Wang,
El-Guebaly, & Wynne, 2008; Dowling et al., 2018).

To date, all low-risk gambling limits in population-
representative samples have been identified using a risk ratio
approach involving receiver operating characteristic (ROC)
analyses (Brosowski et al., 2015; Currie et al., 2017; Currie
et al., 2006; Currie, Hodgins, Wang, El-Guebaly, Wynne,
et al., 2008; Currie et al., 2009; Dowling et al., 2018; Dowling
et al., 2021). In Australia, Dowling et al. (2021) recently
derived a set of overall low-risk gambling limits across pop-
ulation-representative telephone surveys conducted in Tas-
mania (the second and third Social and Economic Impact
Study (SEIS) of Gambling in Tasmania) and the Australian
Capital Territory (ACT: 2014 Survey on Gambling, Health,
and Wellbeing in the ACT): gambling frequency of 20–30
times per year; gambling expenditure of AUD$380–$615 per
year (USD$240–$388 per year); gambling expenditure
comprising 0.83–1.68% of gross personal income; and
participating in no more than 2 types of gambling activities
per year. In this study, similar limits were identified from
these two disparate Australian states and territories. The ACT
limits were, however, consistently slightly more conservative
than the Tasmanian limits, which is not unexpected given
that the ACT population is characterised by slightly lower
rates of gambling participation and a higher socio-economic
profile (e.g. higher levels of working age people, employment,
education and income (Dowling et al., 2021)). The findings
indicated that a considerable proportion of gamblers
exceeding a particular limit also exceeded other limits and the

two gambling expenditure limits (gambling expenditure and
gambling expenditure as a proportion of income) were
consistently the best-performing.

Several studies have also derived low-risk limits for
gamblers participating in specific gambling activities (Bro-
sowski et al., 2015; Quilty, Murati, & Bagby, 2014). In a
combined psychiatric outpatient and community sample,
Quilty et al. (2014) identified low-risk gambling limits for
instant scratch tickets (gambling for more than once per
month), bingo (gambling for no longer than 135 minutes per
session and spending no more than CAD$450 per year),
casino table games (gambling for no more than never,
gambling for no longer than 190 minutes per session, and
spending no more than CAD$330–CAD$1,200 per year), and
sports betting (spending no more than CAD$510–CAD$780
per year). Brosowski et al. (2015) subsequently identified
some activity-specific limits in a representative dual-frame
German dataset: electronic gaming machines (EGMs)
(gambling no more than 3 days in the last year and no more
than 10-days ever) and poker (nor more than 1–10 days ever).

These previous efforts to develop low-risk gambling
limits have defined gambling-related harm using item sub-
sets of problem gambling severity measures, predominantly
the Problem Gambling Severity Index (PGSI: Ferris &
Wynne, 2001) (Brosowski et al., 2015; Currie et al., 2017;
Currie et al., 2006; Currie, Hodgins, Wang, El-Guebaly,
Wynne, et al., 2008; Currie et al., 2009; Dowling et al., 2018;
Dowling et al., 2021; Quilty et al., 2014). It has been argued
the PGSI is a viable instrument to measure gambling-related
harm because it has some focus on negative consequences
rather than only behavioural symptoms (Currie et al., 2009).
This measure, however, comprises only a limited number of
negative consequence items and there is some disagreement
regarding which items are negative consequences (Browne &
Rockloff, 2019a; Currie, Hodgins, Wang, El-Guebaly,
Wynne, et al., 2008; Currie et al., 2009; Ferris & Wynne,
2001). Moreover, some definitions of harm in the literature
are based on only the negative consequence items (Currie
et al., 2017; Currie et al., 2006; Currie, Hodgins, Wang,
El-Guebaly, Wynne, et al., 2008; Dowling et al., 2018;
Dowling et al., 2021) while others are based on all
PGSI items (Currie et al., 2006; Currie, Hodgins, Wang,
El-Guebaly, Wynne, et al., 2008; Currie et al., 2009; Dowling
et al., 2018). Arguably, the PGSI includes items measuring
financial, relationship, emotional/psychological, and health
harms (Browne & Rockloff, 2019a), but does not assess
harms across other domains. The exclusive reliance on
measures of problem gambling severity to measure harm is a
limitation in this literature compared with the alcohol
literature, which has employed a range of harms to the
drinker, including chronic disease from the volume of
drinking over time, injury from specific drinking occasions,
total mortality, hazardous behaviours, and delinquent
behaviours (National Health and Medical Research Council
[NHMRC], 2009; Room & Rehm, 2012).

Moreover, previous studies have been characterised by a
lack of consensus on an aggregate limit of gambling-related
harm using problem gambling severity measures. Although
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low-risk limits have generally been robust to variations in
definitions of harm (Brosowski et al., 2015; Currie et al.,
2006; Currie, Hodgins, Wang, El-Guebaly, Wynne, et al.,
2008; Currie et al., 2009; Dowling et al., 2018), superior ROC
psychometric properties have generally been produced when
gambling-related harm is defined as two or more negative
consequences (Currie et al., 2006; Currie, Hodgins, Wang,
El-Guebaly, Wynne, et al., 2008; Currie et al., 2009; Dowling
et al., 2018). It has, however, been argued that people
endorsing gambling-related problems in two different
domains can reasonably be viewed as beginning to experi-
ence harm related to their gambling (Currie et al., 2006). To
date, however, all available population-level research have
employed 2þ harm definitions in which at least two harms
from any domain are endorsed (Currie et al., 2017; Currie
et al., 2006; Currie, Hodgins, Wang, El-Guebaly, Wynne,
et al., 2008; Dowling et al., 2018; Dowling et al., 2021). There
is therefore a need for research to explore the effect of using
a definition of harm in which at least two harms across
different domains are endorsed.

Study aims

Given that problem gambling severity and gambling-related
harm are not synonymous (Browne & Rockloff, 2017; Del-
fabbro & King, 2019), there is a need to identify low-risk
gambling limits using alternative measures of gambling-
related harm (Dowling et al., 2018, 2021). To date, this
important advance has been hindered by the absence of
validated measures of harms attributable to gambling with
interpretable scoring procedures. Browne, Goodwin, and
Rockloff (2018), however, have recently developed and
validated a new brief instrument, the Short Gambling Harms
Scale (SGHS), for use as a population-level measure of past-
year gambling-related harm. The primary aim of this study
was to compare the overall and activity-specific low-risk
gambling limits identified for the Tasmanian population
when gambling-related harm was defined using the negative
consequence items of the PGSI (PGSI-Harm) and the SGHS
items. A secondary aim was to compare low-risk limits
derived using a definition of harm in which at least two
harms across different domains (e.g. financial and relation-
ship) were endorsed with a definition of harm in which at
least two harms from any domain were endorsed.

METHODS

Participants and procedure

Secondary analysis of population data from the fourth Social
and Economic Impact Study (SEIS) of Gambling in Tas-
mania (ACIL Allen, Deakin University, Central Queensland
University, & Social Research Centre, 2017) was conducted.
This study was selected for analysis as it was the first
available population-representative study in Australia to
collect gambling-related harms using the SGHS, as well as
collect continuous expenditure data across multiple
gambling activities. Data was collected via Computer

Assisted Telephone Interviews (CATIs) with 5,000 residents
of Tasmania aged 18 years and over from 13 June to 7
August 2017 (see Table 1 for descriptive statistics). Due to a
focus on state-level estimates, the collected sample was
stratified according to broad geographic regions in propor-
tion to the population. A dual-frame sample design was
employed, with a 50% landline phone and 50% mobile
phone split. The sample was drawn from three sources:
random digit dial (RDD) landline, pre-screened RDD
mobile sample and listed mobile phone numbers.
Respondents for the landline sample were selected using the
youngest male aged 18 years and over method, while
respondents for the mobile phone samples were taken to be

Table 1. Sample descriptive statistics

Characteristic Proportion (95% CI)

Gender (male) 48.8% (47.1, 50.6)
Age (years)
18–24 11.1% (9.5, 12.8)
25–34 15.1% (13.6, 16.8)
35–44 15.1% (13.8, 16.4)
45–54 17.2% (16.0, 18.4)
55–64 17.7% (16.7, 18.8)
65þ 23.8% (22.7, 25.0)

Household structure
Couple with no children 10.5% (9.5, 11.7)
Couple with children still at home 34.5% (32.8, 36.3)
Couple with children not living at
home

21.5% (20.3, 22.7)

Single person household (no
children)

10.8% (9.9, 11.8)

Single with children still at home 7.4% (6.5, 8.6)
Single with children not living at
home

6.5% (5.9, 7.1)

Group or shared household 4.5% (3.7, 5.5)
In some other arrangement 4.2% (3.5, 5.0)

Occupational status
Paid full-time employed 32.6% (31.0, 34.3)
Paid part-time employed 21.9% (20.4, 23.4)
Looking for work 3.7% (3.0, 4.7)
Not in the labour force 41.8% (40.1, 43.5)

Educational attainment
Less than secondary school 22.3% (20.9, 23.7)
Secondary school 20.9% (19.3, 22.5)
Vocational or trade qualification 40.8% (39.0, 42.5)
University graduate 16.0% (15.1, 17.1)

Country of birth (Australia)
Australia 85.8% (84.6, 86.9)

Problem Gambling Severity Index
category
Non-gambling 41.5% (39.8, 43.3)
Non-problem gambling 51.8% (50.0, 53.5)
Low-risk gambling 4.8% (4.0, 5.6)
Moderate-risk gambling 1.4% (1.0, 1.9)
Problem gambling 0.6% (0.4, 1.0)
Problem Gambling Severity Index
score – M (SD)

0.2 (1.5)

Short Gambling Harms Scale score –
M (SD)

0.1 (1.0)
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any person who answered the phone, was a resident of
Tasmania and was 18 years of age or older.

A total of 90,315 calls were placed to 26,476 sample
records to achieve 5,000 interviews. Using the American
Association for Public Opinion Research [AAPOR] Response
Rate 3, which proportionally allocates records with an un-
known outcome as either in-scope or out-of-scope based on
the distribution of records with a known call outcome
(American Association of Public Opinion Research, 2011),
the final combined response rate for the survey was 41.5%.
A pilot test of 50 interviews was undertaken to ensure internal
logic. A 2-stage approach to weighting was undertaken: (1)
calculation of a design weight to adjust for the probability of
being sampled by landline and mobile phone and (2)
adjusting this weight by iterative proportion fitting so the final
weight conformed to population benchmarks for telephone
status, age, sex, region, education and country of birth. The
average interview duration was 15 minutes.

Measures

Gambling consumption indices and measures of harm. The
overall and activity-specific low-risk gambling limits were
derived on the basis of multiple indices of gambling con-
sumption (Table 2) and using items from the PGSI and
SGHS. The 9-item PGSI (Ferris & Wynne, 2001) has been
adopted as the preferred instrument for measuring problem
gambling severity in population-level research in Australia
and generally displays good psychometric properties (Currie,
Hodgins, & Casey, 2013; Ferris & Wynne, 2001; Neal, Del-
fabbro, & O’Neil, 2005). The PGSI negative consequence
items are identified in Table 3. The 10-item SGHS (Browne
et al., 2018) was developed for use as a population-level
measure of past year gambling-related harm to monitor the
impact of gambling on the community. The SGHS was based
on an initial item pool of 72 specific harms caused by
problematic gambling and validated using an internet panel
sample of 1,524 past year gamblers. Ten items were selected
using an item selection algorithm with the goals of max-
imising sensitivity and construct coverage. Each has a binary
response option and total scores are calculated by summing
the number of endorsed items. The SGHS is highly correlated
with the 72-item checklist (0.94) and achieves a very small
percentage of false negatives in terms of identifying persons
otherwise harmed by gambling (4.8%). It displays very strong
reliability (a 5 0.93; coefficient omega 5 0.83), homogeneity
and unidimensionality; and significant associations with the
PGSI, gambling consumption, lower quality of life, and
addictive gambling symptoms.

Definitions of gambling-related harm. For the primary aim,
endorsement of two or more of the seven negative conse-
quence PGSI items (PGSI-Harm) was compared to
endorsement of two or more SGHS items (SGHS-Harm).
For the secondary aim, harm domains were operationalised
using the combined set of PGSI negative consequence items
and SGHS items (Table 3); and endorsement of two or more
items across any domain of harm (Any-domain-Harm) was

Table 2. Gambling consumption indicesa

Gambling frequencyb, c Typical wording was: ‘In the last
12 months, how many times per
week, per month or per year

have you played/bet on
[gambling activity]?’ for

different modalities (e.g. venue,
telephone, racetrack, off-course

venue, internet on mobile
device, internet using desktop
computer) of each gambling
activity. Annual gambling
frequency was calculated by

standardising each response to
an estimated yearly frequency
then summing these yearly
frequencies across gambling

activities.
Gambling expenditureb, c,/
session expenditurec

Typical wording was: ‘In the
past 12 months, approximately
how much money, on average,
did you spend during each

session of [gambling activity]?’
for each specific gambling

activity. Total annual gambling
expenditure was calculated by
multiplying gambling frequency

with session expenditure
estimates for each activity then
summing these yearly gambling

expenditures across all
gambling activities. Gambling
expenditure was assessed only
in terms of amount of money

lost.
Gambling expenditure as a
proportion of gross annual
personal incomeb, c

Gross annual personal income
was assessed: ‘Could you please

tell me your approximate
annual personal income before
tax?’ In contrast to previous
Tasmanian SEIS surveys,
categories were refined to
$10,000 increments for the
purposes of these analyses
(from less than $10,000 to

$150,000 or more). To derive
expenditure as a proportion of
income, we used the mid-point
of each category's range to

represent the respective income
category (e.g. $10,000 to

$19,999 became $15,000). For
the final income category (e.g.
$150,000 or more) in which no

mid-point exists, the same
$5,000 interval that was applied
(i.e. $155,000). Total annual

gambling expenditure was then
divided by the mid-point
income value to derive

gambling expenditure as a
(continued)
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compared to endorsement of two or more harms across
different domains (Cross-domain-Harm).

Data analytic strategy

All analyses employed weighted data and were conducted in
Stata-14 (StataCorp, 2015). ROC analyses were conducted to
identify optimal low-risk gambling limits across the multiple
gambling consumption indices and definitions of harm. In
these ROC analyses, the sensitivity and 1-specificity for each
level of gambling consumption index was plotted and the
area under the curve (AUC) of the resulting graph was
calculated. AUC values were interpreted according to
established guidelines: low (0.50–0.70), moderate
(0.70–0.90), and high (>0.90) (Swets, Dawes, & Monahan,
2000). In this study, optimal cut-offs displaying moderate to
high classification accuracy (AUC value ≥0.70) were
considered acceptable (Brosowski et al., 2015; Swets et al.,
2000). The level of gambling behaviour that had the

maximum Youden Index value (Youden, 1950), relative to all
other levels of gambling behaviour, was deemed the optimal
cut-off (with equal weighting given to sensitivity and speci-
ficity) (see Ruopp, Perkins, Whitcomb, & Schisterman,
2008). Missing data were removed via pairwise deletion.
Missing data was low for key gambling consumption and
harm variables (range <1–3%), except expenditure as a
proportion of income (11%). This was due to the high rate of
missing data for income, which is very common in large
population-based research (Kim, Egerter, Cubbin, Takahashi,
& Braveman, 2007) due to respondents considering income
information too private or sensitive and not knowing their
income (Davern, Rodin Beebe, & Call, 2005). This statistical
approach replicated that employed in Dowling et al. (2021)
in order to facilitate direct comparisons to the overall low-
risk, limits derived from the PGSI in the second and third
SEIS studies of Gambling in Tasmania and the 2014 Survey
on Gambling, Health and Wellbeing in the ACT.

Table 2. Continued

proportion of income. A small
number (n 5 4) of estimates
exceeding 100% were removed

from the dataset.
Number of types of gambling
activitiesb

The number of types of
gambling activities was based on

participation across each
gambling activity, with the
exception of informal private
games due to low participation.
Typical wording was: ‘I am

going to start by reading a list of
popular gambling activities and
find out if you have played them
for money in the previous 12
months. In the last 12 months,

have you. . .?’
Gambling durationb, c,/session
durationc

Typical wording was: “In the
past 12 months, how much time

on average did you spend
playing/betting on [gambling
activity] during each visit/
session/transaction of

[gambling activity]”. Responses
were recorded in minutes. Total
annual gambling duration was

calculated by multiplying
gambling frequency with

session duration estimates for
each gambling activity then

summing these yearly gambling
durations across all gambling

activities.

a Unless otherwise indicated all gambling indices were based on
estimates from nine gambling activities: EGMs, horse or greyhound
racing, instant scratch tickets, lotteries, keno, casino table games,
bingo, sports or other event betting, and informal private games.
b Gambling consumption index for overall low-risk gambling limits.
c Gambling consumption index for activity-specific limits.

Table 3. Operationalisation of harm domains using PGSI negative
consequence items and SGHS items

Category Measure Item

Financial PGSI Bet more than you could really
afford to lose

PGSI Borrowed money or sold
anything to get money to gamble

PGSI Gambling has caused any
financial problems for you or

your household
SGHS Reduction of your available

spending money
SGHS Reduction of your savings
SGHS Less spending on recreational

expenses such as eating out,
going to movies or other

entertainment.
SGHS Sold personal items
SGHS Increased credit card debt

Relationship PGSI Felt people criticised your
betting or told you that you had
a gambling problem, regardless
of whether or not you thought it

was true
SGHS Spent less time with people you

care about
Emotional/
Psychological

PGSI Felt that you might have a
problem with gambling

PGSI Felt guilty about the way you
gamble, or what happens when

you gamble
SGHS Had regrets that made you feel

sorry about your gambling
SGHS Felt ashamed of your gambling
SGHS Felt distressed about your

gambling
SGHS Felt like a failure

Health PGSI Gambling has caused you any
health problems, including a
feeling of stress or anxiety
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In the first set of ROC analyses, overall low-risk
gambling limits were identified in the sample of past-year
gamblers for PGSI-Harm and SGHS-Harm. In the second
set of ROC analyses, low-risk gambling limits for each
gambling activity (see Table 2) were identified using PGSI-
Harm and SGHS-Harm in samples of respondents who
reported past-year participation in each specific gambling
activity (e.g. EGM limits were derived using only EGM
gamblers) and with consumption measures specific to each
activity (e.g. EGM expenditure not overall gambling
expenditure). In the third set of ROC analyses, overall
low-risk gambling limits were identified in the sample of
past-year gamblers using Any-domain-Harm and Cross-
domain-Harm. Further characterisation of the low-risk
limits is presented in terms of absolute risk (i.e., proportion
of people who were above the limit who experienced harm)
and risk ratio (i.e., ratio of the incidence rate in individuals
who were above the limit, relative to the incidence rate in
individuals who were below the limit). The data analysis
scripts for this study can be found on the Open Science
Framework (https://osf.io/qu85y/).

Ethics

This project was approved by the Deakin University Human
Research Ethics Committee (2017–145). Respondents were
informed about the study and all provided informed con-
sent.

RESULTS

PGSI and SGHS definitions of harm: Overall low-risk
gambling limits

The overall low-risk gambling limits were all acceptable
using both PGSI-Harm and SGHS-Harm, with all displaying
similar moderate classification accuracy (Table 4). PGSI-
Harm was exceeded by 3.9% of gamblers and 2.3% of the
population. Using this definition, the overall limits were
exceeding any of the following: gambling frequency of 37
times per year; gambling expenditure of AUD$544 per year;
gambling expenditure comprising 10.32% of gross personal
income; gambling duration of 454 minutes (7 h, 34 min) per
year; and 2 types of gambling activity per year. The pro-
portion of gamblers who exceeded these limits and reported
harm ranged from 5.8 to 24.0%; while exceeding these limits
was associated with a 4.3-fold–9.8-fold increase in the risk of
experiencing harm, relative to gamblers who did not exceed
the limits.

Similarly, SGHS-Harm was exceeded by 4.5% of gam-
blers and 2.6% of the population. Using this definition, the
overall limits were exceeding any of the following: gambling
frequency of 30 times per year; gambling expenditure of
AUD$510 per year; gambling expenditure comprising 10.2%
of gross personal income; gambling duration of 400 minutes
(6 h, 40 min) per year; and 2 types of gambling activities per
year. The proportion of gamblers who exceeded these limits
and who reported harm ranged from 6.6 to 22.4%; while

exceeding these limits was associated with a 3.2-fold to
6.8-fold increase in the risk of experiencing harm, relative to
gamblers who did not exceed the limits.

Across all true positive cases, 38–56% were true positives
for both PGSI-Harm and SGHS-Harm: gambling frequency
per year 5 38%; gambling expenditure per year 5 41%;
gambling expenditure a proportion of gross personal income
5 56%; gambling duration per year 5 47%; number of types
of gambling activities 5 39%. There was, however, consid-
erable overlap in those exceeding the overall low-risk
gambling limits using PGSI-Harm and SGHS-Harm. Over
90% of respondents exceeding the SGHS-Harm limits also
exceeded the PGSI-Harm limits: gambling frequency per
year 5 94%; gambling expenditure per year 5 92%;
gambling expenditure a proportion of gross personal income
5 100%; gambling duration per year 5 94%; number of
types of gambling activities 5 100%.

PGSI and SGHS definitions of harm: Activity-specific
limits

Few of the optimal low-risk gambling limit cut-offs identi-
fied for specific gambling activities displayed acceptable
levels of discrimination, using either PGSI-Harm (Table 5)
or SGHS-Harm (Table 6), with most displaying low classi-
fication accuracy. The limits relating to gambling frequency
per year, gambling expenditure per year, and session
expenditure yielded acceptable levels of classification
performance for PGSI-Harm, while the limits relating to
gambling expenditure and gambling duration per year were
the most likely to be acceptable for SGHS-Harm.

Using PGSI-Harm, acceptable activity-specific limits
were identified for horse/dog race gambling (16 times per
year, AUD$450 per year, 7.0% of gross personal income, 380
minutes per year, AUD$25 per session, 25 minutes per
session), keno (11 times per year, AUD$150 per year), and
sports/other event betting (AUD$25 per session). This
definition of harm was exceeded by 8.2% of horse or dog
race gamblers, 5.9% of keno players, and 15.5% of sports or
other event bettors. The proportion of gamblers who
exceeded these limits and who reported harm ranged from
11.8 to 30.8%; while exceeding these limits was associated
with a 3.3-fold to 11.5-fold increase in the risk of experi-
encing harm, relative to gamblers who did not exceed the
limits.

Using SGHS-Harm, acceptable activity-specific limits
were identified for EGM gambling (AUD$240 per year, 330
minutes per year, AUD$30 per session), keno (11 times per
year, $130 per year, 135 minutes per year), and bingo
(6 times per year, $120 per year, 360 minutes per year, $20
per session, 90 minutes per session). This definition of harm
was exceeded by 9.8% of EGM gamblers, 6.91% of keno
players, and 8.3% of bingo players. The proportion of
gamblers who exceeded these limits and who reported harm
ranged from 11.0 to 23.2%; while exceeding these limits was
associated with a 2.5-fold to 10.0-fold increase in the risk of
experiencing harm, relative to gamblers who did not exceed
the limits.
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Any-domain and cross-domain definitions of harm

Given the similarities between the results obtained using
PGSI-Harm and SGHS-Harm (optimal low-risk limits,
proportions exceeding limits, absolute and risk ratio esti-
mates), the PGSI negative consequence items and SGHS
items were pooled to explore the effect of using a definition
of harm in which at least two harms across different
domains are endorsed on the low-risk limits. The low-risk

gambling limits were all acceptable using both Any-domain-
Harm and Cross-domain-Harm (with all displaying
moderate classification accuracy), with one exception
(Any-domain-Harm gambling expenditure as a proportion
of income limit) (Table 4).

Any-domain-Harm was exceeded by 7.3% of gamblers
and 4.2% of the population. Using this definition, the overall
limits were exceeding any of the following: gambling fre-
quency of 29 times per year; gambler expenditure of

Table 4. Identification of overall low-risk gambling limits using each definition of gambling-related harma

Low-risk gambling limit PGSI-Harmb SGHS-Harmc
Any-domain-

Harmd
Cross-domain-

Harme

Proportion of population
(including non-gamblers)
exceeding each definition
of harm

2.26% (95% CI
1.74, 2.94)

2.63% (95% CI
2.11, 3.28)

4.24% (95% CI
3.53, 5.08)

3.29% (95% CI
2.67, 4.06)

Proportion of gamblers
exceeding each definition
of harm

3.87% (95% CI
2.98, 5.01)

4.51% (95% CI
3.62, 5.61)

7.25% (95% CI
6.06, 8.66)

5.63% (95% CI
4.58, 6.92)

Gambling frequency per year Cut-off 37 30 29 33
AUC (95% CIs) 0.75 (0.66, 0.84) 0.75 (0.68, 0.81) 0.72 (0.66, 0.78) 0.72 (0.66, 0.79)

Sensitivity,
specificity

0.64, 0.73 0.69, 0.68 0.65, 0.67 0.62, 0.70

N 2,792 2,781 2,793 2,793
Absolute risk 7.4 7.8 11.9 9.9
Relative risk 4.3 3.2 2.8 3.3

Gambling expenditure per
year

Cut-off 544 510 440 501
AUC (95% CIs) 0.79 (0.72, 0.71) 0.79 (0.73, 0.85) 0.77 (0.72, 0.81) 0.77 (0.71, 0.83)

Sensitivity,
specificity

0.72, 0.71 0.73, 0.70 0.71, 0.68 0.69, 0.70

N 2,708 2,697 2,709 2,709
Absolute risk 8.6 9.0 13.2 10.9
Relative risk 5.3 4.8 3.7 4.0

Gambling expenditure a
proportion of gross
personal income

Cut-off 10.3 10.2 9.4 9.8
AUC (95% CIs) 0.73 (0.67, 0.79) 0.71 (0.65, 0.76) 0.68 (0.64, 0.72) 0.70 (0.66, 0.75)

Sensitivity,
specificity

0.55, 0.92 0.53, 0.93 0.48, 0.91 0.52, 0.92

N 2,310 2,303 2,311 2,311
Absolute risk 24.0 22.4 – 30.4
Relative risk 9.8 6.8 – 8.0

Gambling duration per year
(minutes)

Cut-off 454 400 353 410
AUC (95% CIs) 0.77 (0.68, 0.86) 0.76 (0.69, 0.83) 0.75 (0.70, 0.81) 0.77 (0.70, 0.84)

Sensitivity,
specificity

0.65, 0.76 0.65, 0.73 0.65, 0.73 0.65, 0.75

N 2,787 2,777 2,788 2,788
Absolute risk 11.1 11.2 18.9 14.3
Relative risk 7.9 5.7 5.3 5.9

Number of types of gambling
activities

Cut-off 2 2 2 2
AUC (95% CIs) 0.75 (0.69, 0.81) 0.75 (0.69, 0.81) 0.75 (0.71, 0.80) 0.74 (0.69, 0.79)

Sensitivity,
specificity

0.78, 0.58 0.77, 0.58 0.76, 0.60 0.75, 0.59

N 2,833 2,822 2,834 2,834
Absolute risk 5.8 6.6 10.6 8.2
Relative risk 6.1 4.2 4.5 4.5

a Bold typeface indicates AUC ≥ 0.70.
b Endorsement of ≥ 2 PGSI negative consequence items.
c Endorsement of ≥ 2 SGHS items.
d Endorsement of ≥ 2 PGSI negative consequence items or SGHS items across any domain of harm.
e Endorsement of ≥ 2 PGSI negative consequence items or SGHS items across different domains of harm.
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Table 5. ROC analyses for each gambling activity using PGSI-Harma

EGMs
Horse/dog
racing

Instant
scratch
tickets Lottery Keno

Casino
table
games Bingo

Sports/
other event
betting

Proportion of
gamblers on
the specific
gambling
activity
exceeding
the
definition of
harm

10.13%
(95% CI
7.58,
13.41)

8.19%
(95% CI
5.16,
12.77)

5.88%
(95% CI
3.96, 8.63)

3.30%
(95% CI
2.41, 4.51)

5.91%
(95% CI
4.30, 8.05)

11.72%
(95% CI
6.71,
19.68)

3.22%
(95% CI
0.56,
16.55)

15.45%
(95% CI
8.51,
26.40)

Gambling
frequency
per year

Cut-off 11 16 6 114 11 2 0 36
AUC (95%

CIs)
0.66 (0.57,

0.75)
0.76 (0.65,

0.87)
0.60 (0.49,

0.71)
0.48 (0.38,

0.58)
0.73
(0.65,
0.81)

0.65 (0.51,
0.79)

0.26 (0.16,
0.36)

0.51 (0.30,
0.73)

Sensitivity,
specificity

0.49, 0.76 0.70, 0.68 0.54, 0.60 0.06, 0.95 0.63, 0.70 0.73, 0.49 1.00, 0.11 0.25, 0.86

N 783 457 901 2080 1,101 164 85 125
Absolute

risk
– 18.6 – – 12.0 – – –

Relative
risk

– 6.8 – – 4.1 – – –

Gambling
expenditure
per year

Cut-off 420 450 52 728 150 150.0 2,600 700
AUC (95%

CIs)
0.65 (0.54,

0.76)
0.78 (0.64,

0.91)
0.59 (0.48,

0.71)
0.51 (0.42,

0.60)
0.73
(0.65,
0.81)

0.61 (0.4,
0.82)

0.12
(�0.10,
0.33)

0.56 (0.36,
0.76)

Sensitivity,
specificity

0.45, 0.80 0.67, 0.74 0.47, 0.67 0.22, 0.81 0.61, 0.73 0.52, 0.64 0.00, 0.96 0.30, 0.86

N 761 441 896 2038 1,091 155 83 123
Absolute

risk
– 21.6 – – 11.8 – – –

Relative
risk

– 11.5 – – 3.3 – – –

Gambling
expenditure
a proportion
of gross
personal
income

Cut-off 7.3 7.0 0.0 7.0 4.1 0.0 14.0 5.7
AUC (95%

CIs)
0.65 (0.59,

0.71)
0.73 (0.60,

0.85)
0.56 (0.45,

0.66)
0.58 (0.50,

0.66)
0.59 (0.54,

0.63)
0.54 (0.42,

0.68)
0.32 (0.27,

0.37)
0.69 (0.53,

0.85)
Sensitivity,
specificity

0.44, 0.89 0.57, 0.77 0.30, 0.86 0.40, 0.94 0.37, 0.92 0.80, 0.38 0.00, 1.00 0.58, 0.98

N 652 384 759 1723 955 141 64 113
Absolute

risk
– 30.8 – – – – – –

Relative
risk

– 6.9 – – – – – –

Gambling
duration per
year

Cut-off 450 380 20 120 144 240 30 90
AUC (95%

CIs)
0.64 (0.54,

0.75)
0.82 (0.74,

0.91)
0.55 (0.44,

0.67)
0.52 (0.41,

0.63)
0.68 (0.60,

0.76)
0.67 (0.51,

0.82)
0.79 (0.18,

0.48)
0.63 (0.45,

0.80)
Sensitivity,
specificity

0.46, 0.77 0.79, 0.71 0.43, 0.65 0.28, 0.77 0.63, 0.63 0.55, 0.70 0.94, 0.21 0.64, 0.54

N 772 442 874 1981 1,040 153 79 114
Absolute

risk
– 19.2 – – – – – –

Relative
risk

– 8.9 – – – – – –

Session
expenditure

Cut-off 55 25 5 14 18 150 80 25
AUC (95%

CIs)
0.61 (0.50,

0.72)
0.72 (0.62,

0.82)
0.53 (0.43,

0.63)
0.63 (0.56,

0.70)
0.66 (0.56,

0.75)
0.53 (0.32,

0.74)
0.04 (0.00
0.25)

0.70 (0.51,
0.88)

Sensitivity,
specificity

0.38, 0.82 0.75, 0.58 0.72, 0.33 0.73, 0.47 0.48, 0.76 0.28, 0.80 0.00, 0.96 0.57, 0.71

N 769 444 901 2045 1,091 149 79 116
(continued)
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AUD$440 per year; gambling duration of 353 minutes (5 h,
53 min) per year; and 2 types of gambling activity per year.
The proportion of gamblers who exceeded these limits and
who reported harm ranged from 10.6 to 18.9%; while
exceeding these limits was associated with a 2.8-fold to
5.3-fold increase in the risk of experiencing harm, relative to
gamblers who did not exceed the limits.

Cross-domain Harm was exceeded by 5.6% of gamblers
and 3.3% of the population. Using this definition, the overall
limits were exceeding any of the following: gambling fre-
quency of 33 times per year; gambling expenditure of
AUD$501 per year; gambling expenditure comprising 9.8%
of gross personal income; gambling duration of 410 minutes
(6 h, 50 min) per year; and 2 types of gambling activity per
year. The proportion of gamblers who exceeded these limits
and who reported harm ranged from 9.9 to 30.4%; while
exceeding these limits was associated with a 3.3-fold to
8.0-fold increase in the risk of experiencing harm, relative to
gamblers who did not exceed the limits.

DISCUSSION

Comparison of PGSI and SGHS

In this study, both PGSI-Harm and SGHS-Harm overall
low-risk gambling limits produced acceptable ROC param-
eters, with all displaying similar moderate classification
accuracy. PGSI-Harm and SGHS-Harm derived remarkably
similar overall low-risk gambling limits, although the limits
derived using PGSI-Harm were consistently slightly higher.
They also captured very similar proportions of gamblers in
the general population, suggesting that both sets of items are
measuring harms of comparable severity; they also provided
similar assessments of absolute and relative (ratio) risk.
These similarities support the robustness of the limits
derived in previous research using the PGSI as the measure
of harm. Moreover, they are consistent with prior findings

that diverse specific ‘symptoms’ of harm function as in-
dicators of a single, unidimensional construct (Browne &
Rockloff, 2019a) and do not appear to support suggestions
the SGHS is assessing trivial harms relative to the PGSI or
opportunity costs, rather than bona fide personal impacts
(Delfabbro & King, 2019). However, while there was
considerable overlap in those exceeding the low-risk limits
using each definition of harm, PGSI-Harm and SGHS-Harm
appear to classify respondents differently, with only one-
third to one-half of respondents classified as true positive
cases for both definitions of harm. This is of concern given
that both the PGSI negative consequence items and SGHS
items are intended to capture the same underlying construct
of gambling-related harm. This finding highlights the need
for further research exploring differences in true prevalence
estimates when employing different operationalisations of
gambling-related harm given the relatively low prevalence
rates of problem gambling and gambling-related harm in the
general population.

While the highest AUCs were identified for the limit
relating to gambling expenditure, the highest relative (ratio)
and absolute risks were identified for the limit relating to
gambling expenditure as a proportion of income. These
findings are consistent with the previous Australian study,
which suggested that limits relating to gambling expenditure
(gambling expenditure and gambling expenditure as a pro-
portion of income) were consistently the best-performing
(Dowling et al., 2021). Based on previous evidence (Dowling
et al., 2021), promoting these gambling expenditure limits
will likely identify gamblers who exceed other limits. The
limits identified in the current study are generally at the
lower end of the range identified in Canada (Currie et al.,
2017; Currie et al., 2006; Currie, Hodgins, Wang, El-Gue-
baly, Wynne, et al., 2008; Currie et al., 2009) and elsewhere
(Brosowski et al., 2015), but are very similar to the previous
PGSI-based Tasmanian limits (Dowling et al., 2021). The
exception is the gambling expenditure as a proportion of
gross personal income limit. While this limit was very

Table 5. Continued

EGMs
Horse/dog
racing

Instant
scratch
tickets Lottery Keno

Casino
table
games Bingo

Sports/
other event
betting

Absolute
risk

– 16.2 – – – – – 24.1

Relative
risk

– 9.2 – – – – – 2.2

Session
duration

Cut-off 60 25 5 4 25 150 45 20
AUC (95%

CIs)
0.57 (0.47,

0.67)
0.72 (0.61,

0.83)
0.45 (0.35,

0.56)
0.57 (0.49,

0.66)
0.57 (0.48,

0.66)
0.60 (0.41,

0.79)
0.47 (0.33,

0.61)
0.64 (0.42,

0.85)
Sensitivity,
specificity

0.34, 0.78 0.70, 0.62 0.00, 1.00 0.48, 0.63 0.43, 0.67 0.38, 0.84 0.99, 0.35 0.49, 0.71

N 781 449 885 1998 1,050 154 79 114
Absolute

risk
– 15.4 – – – – – –

Relative
risk

– 4.7 – – – – – –

a Bold typeface indicates AUC ≥ 0.70.
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Table 6. ROC analyses for each gambling activity using SGHS-Harma

EGMs
Horse/dog
racing

Instant
scratch
tickets Lottery Keno

Casino
table
games Bingo

Sports/
other event
betting

Proportion of
gamblers on
the specific
gambling
activity
exceeding
the
definition of
harm

9.84%
(95% CI
7.52,
12.79)

8.85%
(95% CI
6.13,
12.61)

6.54%
(95% CI
4.64, 9.14)

5.06%
(95% CI
3.94, 6.48)

6.91%
(95% CI
5.24, 9.05)

13.59%
(95% CI
8.65,
20.71)

8.33%
(95% CI
2.89,
21.70)

16.97%
(95% CI
10.35,
26.58)

Gambling
frequency
per year

Cut-off 11 24 6 13 11 2 6 36
AUC (95%

CIs)
0.69 (0.61,

0.77)
0.60 (0.49,

0.72)
0.57 (0.47,

0.67)
0.53 (0.46,

0.61)
0.71
(0.65,
0.78)

0.57 (0.45,
0.69)

0.73 (0.49,
0.96)

0.53 (0.34,
0.72)

Sensitivity,
specificity

0.53, 0.77 0.42, 0.75 0.50, 0.60 0.57, 0.48 0.61, 0.70 0.61, 0.48 0.75, 0.59 0.26, 0.85

N 781 456 899 2068 1,098 164 84 126
Absolute

risk
– – – – 13.0 – 16.7 –

Relative
risk

– – – – 3.3 – 4.0 –

Gambling
expenditure
per year

Cut-off 240 800 65 208 130 40 120 600
AUC (95%

CIs)
0.74 (0.66,

0.81)
0.60 (0.48,

0.73)
0.57 (0.46,

0.67)
0.56 (0.49,

0.64)
0.73
(0.67,
0.80)

0.58 (0.46,
0.71)

0.85 (0.74,
0.95)

0.56 (0.38,
0.75)

Sensitivity,
specificity

0.64, 0.70 0.38, 0.80 0.38, 0.72 0.56, 0.53 0.64, 0.70 0.76, 0.39 0.95, 0.68 0.31, 0.84

N 759 440 894 2026 1,088 155 82 124
Absolute

risk
18.4 – – – 12.2 – 23.2 –

Relative
risk

3.4 – – – 2.7 – –b –

Gambling
expenditure
a proportion
of gross
personal
income

Cut-off 7.3 9.6 0.0 6.7 4.0 0.0 0.0 5.7
AUC (95%

CIs)
0.65 (0.59,

0.71)
0.64 (0.53,

0.75)
0.48 (0.39,

0.57)
0.57 (0.51,

0.63)
0.60 (0.55,

0.64)
0.44 (0.38,

0.5)
0.40 (0.31,

0.49)
0.65 (0.52,

0.79)
Sensitivity,
specificity

0.44, 0.89 0.41, 0.89 0.70, 0.33 0.38, 0.94 0.38, 0.91 0.79, 0.37 0.93, 0.32 0.52, 0.98

N 652 383 757 1715 953 141 63 114
Absolute

risk
– – – – – – – –

Relative
risk

– – – – – – – –

Gambling
duration per
year

Cut-off 330 360 25 35 135 80 360 1,140
AUC (95%

CIs)
0.70 (0.61,

0.78)
0.63 (0.51,

0.74)
0.55 (0.45,

0.65)
0.56 (0.49,

0.63)
0.70
(0.64,
0.77)

0.56 (0.43,
0.68)

0.79 (0.61,
0.96)

0.48 (0.29,
0.67)

Sensitivity,
specificity

0.57, 0.72 0.51, 0.67 0.37, 0.71 0.61, 0.48 0.68, 0.62 0.72, 0.37 0.85, 0.61 0.15, 0.89

N 770 441 872 1971 1,037 153 79 115
Absolute

risk
16.9 – – – 11.0 – 19.3 –

Relative
risk

2.8 – – – 2.5 – 10.0 –

Session
expenditure

Cut-off 30 34 5 13 16 25 20 20
AUC (95%

CIs)
0.71 (0.64,

0.77)
0.61 (0.50,

0.73)
0.53 (0.44,

0.63)
0.60 (0.54,

0.66)
0.68 (0.60,

0.76)
0.56 (0.43,

0.70)
0.79 (0.65,

0.93)
0.64 (0.48,

0.80)
Sensitivity,
specificity

0.68, 0.62 0.48, 0.69 0.73, 0.33 0.74, 0.43 0.55, 0.71 0.77, 0.34 0.94, 0.57 0.58, 0.62

(continued)
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similar for PGSI-Harm and SGHS-Harm (10.2 and 10.3%,
respectively), it is considerably higher in this study than in
the previous study (1.7%). Given that the gambling expen-
diture limit is very similar across these studies, the most
likely explanation is the use of very refined personal gross
income categories, which were deliberately introduced into
the fourth SEIS for the purposes of these analyses (Dowling
et al., 2021). Given that this limit is consistently well-per-
forming and may be preferable to the absolute expenditure
limit as it provides a standardised index that is not
confounded by annual income (Currie et al., 2017; Dowling
et al., 2021; Weinstock, Ledgerwood, & Petry, 2007), future
research replicating this limit using more refined income
categories is required.

Not all activity-specific limits identified using both PGSI-
Harm and SGHS-Harm displayed acceptable classification
accuracy, which is consistent with previous research (Bro-
sowski et al., 2015; Quilty et al., 2014). This is likely due to
relatively lower involvement on some specific gambling
activities, as well as the inability to link gambling-related
harm to specific gambling activities due to the use of a global
measure of harm. Limits were identified for horse/dog rac-
ing, keno, and sports/other betting using PGSI-Harm; and
for EGM gambling, keno, and bingo using SGHS-Harm.
Only the bingo-specific expenditure and session duration
limits can be compared to previous research, both of which
were lower than those previously identified in Canada
(Quilty et al., 2014). These differences are likely because of
the smaller sample sizes in the current dataset than in pre-
vious research (Brosowski et al., 2015; Quilty et al., 2014).
The PGSI-Harm and SGHS-Harm keno limits, however,
were very similar. Taken together, these findings highlight
the need for further research evaluating activity-specific
limits for Australia using larger population-representative
studies.

Effect of defining harms across different domains

It is generally agreed that gambling harm occurs on a con-
tinuum from mild to severe (Browne & Rockloff, 2019b).
However, for the pragmatic purpose of setting low-risk
gambling limits using a risk ratio approach, it is necessary to
adopt a threshold which defines an unacceptable level of
harm. In the absence of consensus on where this limit lies,
the effect of using a definition of harm in which at least two
harms across different domains were endorsed was explored
using the pool of PGSI negative consequence and SGHS
items. Although Cross-domain-Harm produced more robust
and consistently higher limits, and was exceeded by slightly
fewer gamblers, than Any-domain-Harm, the requirement
that gamblers endorse harms across at least two different
domains of harm had a relatively negligible effect. Moreover,
the limits were very similar to those identified using PGSI-
Harm and SGHS-Harm. Taken together, these findings are
consistent with previous findings that, when using a risk
ratio approach, low-risk gambling limits are generally robust
to methodological variations in operationalising harm,
suggesting that different harm outcomes index similar
constructs (Brosowski et al., 2015; Currie et al., 2006; Currie,
Hodgins, Wang, El-Guebaly, Wynne, et al., 2008; Currie
et al., 2009).

Study limitations and future research

There has been considerable recent debate regarding the
measurement of gambling-related harm that is useful to
inform public policy and regulation (Angus, Anjoul, Shan-
non, & Blaszczynski, 2019; Delfabbro & King, 2019) and
validated and interpretable measures have been slow to
develop. Although it is the most widely employed measure
of gambling harm, the SGHS only includes items across a
limited number of domains, although scale scores appear to
capture well the index of gambling-related harm assessed by

Table 6. Continued

EGMs
Horse/dog
racing

Instant
scratch
tickets Lottery Keno

Casino
table
games Bingo

Sports/
other event
betting

N 767 443 899 2033 1,088 149 79 117
Absolute

risk
17.2 – – – – – 13.4 –

Relative
risk

4.1 – – – – – –b –

Session
duration

Cut-off 45 30 5 4 20 150 90 180
AUC (95%

CIs)
0.61 (0.52,

0.69)
0.54 (0.42,

0.67)
0.53 (0.42,

0.64)
0.55 (0.48,

0.62)
0.62 (0.54,

0.69)
0.52 (0.35,

0.68)
0.73 (0.62,

0.83)
0.40 (0.22,

0.58)
Sensitivity,
specificity

0.47, 0.69 0.41, 0.66 0.28, 0.79 0.44, 0.63 0.56, 0.61 0.23, 0.81 0.86, 0.62 0.02, 0.98

N 779 449 883 1988 1,047 154 79 115
Absolute

risk
– – – – – – 13.7 –

Relative
risk

– – – – – – 5.3 –

a Bold typeface indicates AUC ≥0.70.
b No relative risk estimate available as none of the gamblers not exceeding the limit endorsed gambling-related harm on the SGHS.
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the full 72-item checklist. The SGHS has also been criticised
on the grounds that it fails to differentiate between oppor-
tunity cost and general harm and may encourage an over-
estimation of the degree of harm experienced by lower-risk
gamblers (Delfabbro & King, 2019). Future research repli-
cating these findings using alternative instruments as they
emerge (Quilty, Watson, & Bagby, 2015; Shannon, Anjoul, &
Blaszczynski, 2017) or more objective indicators of harm
(Dowling et al., 2021) is therefore recommended. The
robustness of the limits across measures suggests that using
either measure is appropriate, although they appear to
classify respondents differently in terms of true positives.
Given that gambling-related harm is understood as on a
continuum ranging from negligible to extreme, however, an
ideal additive measure would comprise a linear metric scale,
in which there are equal differences in magnitude between
scores, which represent equal differences on decrements to
health and wellbeing. While it is likely that the SGHS is
superior to the PGSI in approximating these decrements,
research validating harms-based measures on a metric scale
is required.

More broadly, this research provides an important step
in refining low-risk gambling limits when using a risk
ratio approach, which has been employed by all of the
available literature, to date. This approach, however,
requires the selection of a somewhat arbitrary threshold
for gambling-related harm, suggesting that a reasonable
approach may be to identify a robust estimate over mul-
tiple samples that explicates where harms reliably exceed
any recreational benefits from gambling (Rockloff,
Browne, Russell, Merkouris, & Dowling, 2019) or to
examine thresholds that are associated with a non-negli-
gible expected decrement to health and wellbeing. Alter-
natively, like low-risk drinking limits (NHMRC, 2020;
Rehm, Room, & Taylor, 2008; Room & Rehm, 2012), low-
risk gambling limits could be made on the basis of the
amount of absolute risk that can be tolerated (Dowling
et al., 2021; Markham, Young, & Doran, 2016). Previous
findings that gambling risk (dose-response) curves are
either r-shaped or linear rather than J-shaped (Dowling
et al., 2018; Markham et al., 2016) and that gambling
consumption lower than the low-risk limits also confers a
considerable degree of risk (Dowling et al., 2021) raise
questions regarding the degree to which there is any level
of gambling behaviour that is not associated with harm
(Dowling et al., 2021; Markham et al., 2016). However,
further research determining the amount of tolerable
absolute risk from gambling (Rehm, Lachenmeier, &
Room, 2014), as well as the actual shape of gambling risk
curves (Currie et al., 2017; Markham et al., 2016), is
required before absolute risk methods can be employed to
identify low-risk gambling limits (Dowling et al., 2021).

Other limitations of this research include the under-
representation of younger adults, use of self-reported mea-
sures of gambling involvement, the inability to link
gambling-related harms to specific gambling activities, and
the reduced sample sizes for analysing each game separately.

Further research is required to identify a consistent set of
gambling activity-specific limits.

Study implications

This study advances the currently available literature by
deriving limits using a measure of harms attributable to
gambling. The similarity in the limits identified using the
PGSI and the SGHS suggest that previous PGSI-based limits
are robust data-derived thresholds that provide important
information about an individual’s risk for experiencing harm
based on their gambling consumption. The current study
also replicates the overall limits identified in Australia
(Dowling et al., 2021), suggesting that they could serve as
working guidelines for the consideration of gambling
stakeholders to usefully augment the currently available
behavioural ‘responsible gambling’ guidelines. Low-risk
limits can allow consumers to make informed choices about
personal risk; serve as a cost-effective screening method for
identifying people at higher-risk for gambling-related harm;
monitor the prevalence of gambling-related harm in popu-
lation-level research; investigate the efficacy of secondary
intervention efforts; and be applied in tertiary intervention
settings for gamblers selecting a moderation goal (Currie
et al., 2017; Currie et al., 2011; Currie et al., 2006; Currie,
Hodgins, Wang, El-Guebaly, Wynne, et al., 2008; Currie
et al., 2009; Quilty et al., 2014; Weinstock et al., 2007).

CONCLUSION

This study was designed in response to criticisms that low-
risk gambling limits have exclusively been derived using
item subsets of problem gambling severity measures. The
findings suggest that the overall limits identified using the
PGSI, the most commonly employed measure of problem
gambling severity, and the SGHS, a measure specifically
designed to measure the harms attributable to gambling, are
similar and that the requirement that gamblers endorse
harms across different domains of harm had a relatively
negligible effect on these limits. Although replication using
instruments that measure harm across additional domains is
required, the findings suggest that previous PGSI-based
limits are robust thresholds that have considerable potential
utility in the prevention of gambling-related harm.
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