


symptomatic gambling. In related work, Stinchfield &
Winters [13] proposed a cut-off for frequency of gambling
(monthly or less) that discriminated recreational gam-
blers in the general Minnesota population from gamblers
in treatment. A significant limitation of prior research is
the cross-sectional nature of the data. The validity of the
low-risk limits would be enhanced by demonstrating that
gambling above one or more of the risk limits leads to
greater consequences for the gambler in the future. The
current study provides new data from the Leisure, Life-
style and Life-cycle Project [14], a longitudinal cohort
study of the gambling habits of adults and adolescents
in Alberta.

Our objectives were to (i): assess the validity of the
low-risk gambling limits for adults in predicting future
harm; (ii) identify demographic, behavioural, clinical and
environmental factors that predict the shift from low- to
high-risk gambling; and (iii) assess whether change from
low- to high-risk gambling is associated with playing elec-
tronic gaming machines (EGMs) and other casino games.
For objective (i) we predicted that gamblers who begin to
gamble above any of the low-risk gambling limits would
experience more harm than gamblers who remained
below all limits. We further predicted that the level of
harm would increase with number of low-risk gambling
limits exceeded. For objective (ii), we predicted that the
shift from low- to high-risk gambling would be predicted
by: male gender, younger age, family involvement in gam-
bling, concurrent substance use and personality traits of
impulsivity and excitement seeking. Based on research
that has consistently shown EGMs and casino games to
have a greater risk of short- and long-term consequences
compared to other forms [15–17], we predicted that for
objective (iii) gamblers who shift from low- to high-risk
gambling would show increased involvement in these
particular game types.

METHOD

Leisure, life-style and life-cycle project (LLLP)

Sampling procedure

The LLLP is a prospective 5-year panel study of five age
cohorts of 1808 adolescents and adults living in rural
and urban Alberta [14]. The data collected at each wave
includes psychological, behavioural, medical and social
variables used to examine the aetiology and natural pro-
gression of all levels of gambling. At time 1, a proportion
of the assessment was conducted face-to-face and a pro-
portion via telephone, including the gambling data. At
subsequent intervals a web-based survey was employed
to reduce the costs of data collection and increase
retention in the longitudinal sample. Random digit
dialling (RDD) recruited participants from the general

population. A second wave of RDD sampling was used to
recruit ‘at-risk’ gamblers (n = 524) who were above the
70th percentile in gambling expenditure or gambling
frequency. The intention of this sample was to increase
the yield of individuals who are likely to develop gambling
problems during the longitudinal follow-up period.
Sample weights were developed in consideration of: age–
sex–geography variability, the number of individuals in
the same age–sex grouping residing in the household and
oversampling of at-risk gamblers [14]. The present study
uses data from times 1 (February–October 2006) and
2 (November 2007–June 2008), with an interval of 14
months between assessments.

From the original sample, 227 adults declined to
participate in the time 2 assessment. Compared to com-
pleters, adults who dropped out after the time 1 assess-
ment were more likely to be younger (t(1370) = 5.64,
P < 0.001), male (c2 = 71.35, P < 0.0001), report less
income (t(1239) = 3.42, P < 0.001) and score higher on the
Problem Gambling Severity Index (PGSI) at time 1
(t(1370) = 2.66, P < 0.001).

Adult completers

The present sample was restricted to adults [�18 years;
mean age = 39.9; standard deviation (SD) = 16.8] with
valid data at times 1 and 2. We also excluded adults who
reported no gambling at both time-periods (n = 136). The
characteristics of the sample of 809 are depicted in
Table 1.

Assessment of gambling

The Canadian Problem Gambling Index [18] collected
information on participants’ gambling habits including
type and frequency of common gambling activities and
total expenditure on gambling in the past year. Infor-
mation on the gambling environment included the
measurement of parental and sibling gambling and the
percentage of friends who gamble. Gambling-related
harms were assessed using the PGSI, a nine-item scale
that assesses common consequences of gambling in
the past 12 months. Although the PGSI is scored using
the full Likert scale for each item (0–3 with a total score
ranging from 0–27), we used the definition of harm
developed in our original study on low-risk gambling
limits [7]. In the original and subsequent studies [11],
each PGSI item was scored dichotomously (0 = never;
1 = sometimes, most of the time or almost always), with
harm defined as having a total score of two or higher.
Using this scoring, the respondent needs to report at
least two consequences of gambling to be considered
as experiencing harm. In comparisons with other PGSI
cut-offs, we found this to be the optimal definition of
harm in population studies [19]. We also reasoned that
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individuals endorsing gambling-related problems in two
different areas could be viewed as beginning to experience
problems related to their gambling.

Each participant’s gambling habits at times 1 and 2
were classified as either low risk or high risk according to
each of the three low-risk gambling limits (i.e. gambled
above the low risk limits for frequency, total dollars spent
or percentage of household income spent) as well as
whether they were above one, two or three of the limits.
To examine the cumulative risk associated with gambling
above more than one limit, these categories were not
mutually exclusive.

Assessment of other risk factors

We assessed other empirically derived risk factors for
problem gambling [9], including demographics (gender,
age, education), tobacco use (‘smoker’ versus ‘non-
smoker’), alcohol use (regular–occasional drinker versus
non-drinker), life-time alcohol or drug dependence
(coded as present or absent based on validated diagnostic
modules [20]), major depression in the last 12 months
(based on DSM-IV criteria) and continuous measures of
impulsivity and excitement-seeking from the Revised
NEO Personality Inventory [21].

Data analysis

Missing data in the LLLP study were minimal (<2%), so a
mean substitution procedure was used. Statistical com-
parisons of proportion and calculated odds ratios (OR)
used the sampling weights. The impact of shifting risk
category on the total number of PGSI harms reported at
time 1 and time 2 was examined in a split-plot two-way
analysis of variance (ANOVA) with change in risk cat-
egory (four levels: low risk at both times 1 and 2; low risk
to high risk, high risk to low risk, high risk at times 1 and
2) being the between-group factor and time being the
within-group factor. All statistical analyses were carried
out with STATA 10.

RESULTS

Gambling above the low-risk limits and
experiencing harm

Among the 809 LLLP participants followed over time,
9% reported harm (�2 negative consequences from
gambling) at time 1 and 14% reported harm at time 2.
As shown in Table 2, gambling in the high-risk range for
frequency, expenditure or percentage of income spent
on gambling was associated with an eight- to 12-fold
increase of experiencing harm compared to gamblers
who stayed in the low-risk ranges. Although gambl-
ing in the high-risk range for total expenditures
(>CAN$1000 per year) was associated with the largest
increase in harm, there was considerable overlap of the
OR confidence intervals. Using logistic regression, we
predicted harm from gambling using status on each
of the low-risk gambling limits as predictor variables.
With all three risk limits in the model (R2 = 0.18;
Wald c2 = 78.26; P < 0.0001), only gambling three
times a month or more independently predicted
harm [OR = 4.8, 95% confidence interval (CI): 2.2–
10.5, P < 0.001].

The proportion of adults gambling in the high-risk
range for at least one, two or all three categories was 23%,
9% and 5%, respectively. Using logistic regression model-
ling again, harm was predicted from the number of
low-risk gambling limits the gambler was above (range
0–3). The overall model was significant (R2 = 0.18; Wald
c2 = 75.61; P < 0.0001). For each additional low-risk
limit exceeded, the odds of experiencing harm increased
by a factor of 3.0 (95% CI: 2.3–3.7, P < 0.0001).

Change from time 1 to time 2 in gambling habits and
low-risk status

Most gamblers (n = 393; 58%) were considered low risk
at both times 1 and 2. About 19% (n = 181) of gamblers
shifted from low risk to high risk and 6% (n = 53) shifted

Table 1 Description of longitudinal adult sample from the
leisure, life-style, life-cycle project: (n = 809).

Variable n % (weighted)

Age (years)
18–20 146 25.6
23–25 182 27.1
43–45 283 32.4
63–65 198 14.9

Gender
Male 348 49.7
Female 461 50.3

Ethnicity
Caucasian 742 90.8
Non-Caucasian 63 9.2

Marital status
Never married 301 49.7
Married or common-law 408 41.1
Divorced or widowed 98 9.2

Employment status
Part or full time 587 74.1
Unemployed, retired, or homemaker 222 25.9

Annual household income
$0–29 999 103 12.2
$30 000–49 000 119 15.5
$50 000–74 999 167 20.2
Over $75 000 381 52.1

Health
Smokers 185 19.3
Good–excellent physical health 638 78.1
Good–excellent mental health 737 91.0
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from high risk to low risk between the assessment periods.
The remaining 16% (n = 184) were considered high risk
at both time-periods. A significant increase in higher-risk
gambling was evident between time 1 and time 2. The
proportion of adults gambling in the high-risk range
increased significantly for all three dimensions of
gambling intensity (frequency, total expenditures and
percentage of income spent on gambling; data in
Table 3). The use of EGMs also shifted between time-
periods. At time 1, 33% of the sample played EGMs in the
past year and this increased to 42% at time 2 (c2

(1, 808) =
128.28; P < 0.0001). Similarly, the proportion of the
sample who played casino games increased from 25% at
time 1 to 29% at time 2 (c2

(1, 808) = 71.35; P < 0.0001).

Gamblers who shift from low to high risk

Compared to gamblers who remained in the low-risk
range for all categories at time 2, gamblers who were in at
least one high-risk category at time 2 were 2.6 times (95%
CI: 1.4–4.9) more likely to experience harm (7% versus
17%; c2

(1, 570) = 11.63; P < 0.001). There was also a signi-
ficant increase in the proportion who played EGMs, from
38% at time 1 to 50% at time 2 (c2

(1, 570) = 58.22; P <
0.0001) and the proportion who played casino games,
23% at time 1 to 32% at time 2 (c2

(1, 570) = 18.99;
P < 0.001).

For gamblers who shifted from low to high risk on
percentage of income spent on gambling, the proportion
reporting harm was 3.5 times higher (95% CI: 1.9–6.3)
than the proportion who remained low risk at both
time-periods (23% versus 8%; c2

(1, 666) = 24.06; P <
0.0001). Time 1 gamblers who shifted into the high-risk
category for total expenditures (>$1000 per year) at
time 2 were 2.6 times more likely (95% CI: 1.5–4.7)
to experience harm compared to low-risk gamblers
(22% versus 10%; c2

(1, 666) = 13.53; P < 0.0005). A
higher proportion of gamblers shifted from low to high
risk on frequency of gambling reported harm (16%)
compared to gamblers who remained low risk (10%);
however, this difference was not statistically significant
(OR = 1.8; P = 0.07).

Logistic regression modelling was used to predict
change in gamblers from low risk to high risk (for any
limit at time 2). As recommended by Hosmer & Leme-
show [22], we screened for potential predictor variables
based on a bivariate association with change in risk
category using a liberal criterion for significance
(P < 0.10). Using this approach, the variables associated
with change from low to high risk were age, gender, edu-
cation, smoking status, marital status, parental gam-
bling, percentage of friends who gamble regularly and
time 1 EGM play. Variables not associated with change in
risk category were time 1 casino play, income, ethnicity,

Table 2 Gambling above the low-risk limits and experiencing harma concurrently at time 1.

Risk limit category

Gamblers in risk category Gamblers not in risk category

Odds ratiob

(95% CI)n
Gamblers who
report harm (%) n

Gamblers who
report harm (%)

Spend more 1% income 142 43 (32.0%) 667 36 (5.6%) 8.0* (4.4–14.3 )
Spend more than $1000/year 87 36 (42.7%) 722 43 (6.0%) 11.7* (6.3–21.6)
Gamble 3 times/month or more 168 48 (29.0%) 637 30 (4.5%) 8.6* (4.7–15.7)
High-risk on any limit 235 58 (25.9%) 574 20 (3.6%) 9.2* (4.9–17.2)

aHarm defined as endorsing at two or more consequences of problem gambling on Problem Gambling Severity Index (PGSI) as occurring sometimes, most
of the time or almost always. bOdds of experiencing harm if gambler is in risk category compared to not being in risk category. *P < 0.0001. CI: confidence
interval.

Table 3 Gambling above the risk limits at time 1 and time 2.

Low-risk gambling limit

Time 1 Time 2

c2 (d.f.)n % (weighted) n % (weighted)

>1% income 142 12.0% 248 23.4% 143.89* (1808)
>$1000/year 87 7.5% 193 18.1% 74.94* (1808)
>3 times/month 168 17.1% 226 20.7% 88.65* (1803)
Any risk limit 235 22.8% 363 35.5% 133.91* (1808)

*P < 0.0001.
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alcohol dependence, drug dependence, major depression
and excitement seeking and impulsivity scores.

As shown in Table 4, the final model was significant
and accounted for 13% of the variance in change in risk
category (Wald c2 = 66.49; P < 0.0001). Compared to
gamblers who remain low risk, gamblers who shifted
from low- to high-risk gambling were more likely to be
male, older, have less education, have more friends who
gamble, play EGMs at time 1 and smoke.

Gamblers who shift from high risk to low risk

The trajectory for gamblers who shifted from high risk at
time 1 to low risk at time 2 was less conclusive. The pro-
portion of gamblers reporting harm was lower (19%) in
the group who became low risk compared to gamblers
who remained high risk (32%); however, this difference
was not statistically significant (OR = 2.0; 95% CI: 0.8–
5.1; P = 0.16). The results for the individual low-risk
limits were also non-significant, although the differences
were all in the expected direction.

Impact of shifting risk level on total number of
gambling harms

The two-way split-plot ANOVA conducted on total
number of PGSI harms revealed a significant time ¥ risk
category interaction (F(3, 805) = 5.75, P < 0.001), reflect-
ing a significant change in the number of harms over
time for some risk categories, but not others. Specifically,
there was a reliable increase in the number of harms
for gamblers who shifted from low risk to high risk
(t(174) = 4.42, P < 0.001). However, there was also a reli-
able increase in the number of harms for gamblers who
remained in the low-risk group (t(399) = 3.79, P < 0.001)
and the high-risk group (t(183) = 3.82, P < 0.001) for both
time-periods. The change in harms for gamblers who

shifted from high risk to low risk was not significant,
t(49) = 0.68, P > 0.05. Means shown in Figure 1.

DISCUSSION

Data from the LLLP provide supporting evidence for
the validity of the low-risk gambling limits in predicting
future harm. Adults who shifted from gambling in the
low-risk range at time 1 to gambling in the high-risk
range at time 2 were two to three times more likely to
experience harm compared to gamblers who remained in
the low-risk range at both time-periods. Future harm also
coincided with an increased incidence of playing EGM
and other casino games between times 1 and 2. Chances
of harm increase threefold for each additional low-risk
limit the gambler exceeds.

An interesting finding to emerge was the general pro-
gression in the LLLP sample towards more high-risk game
choices and more gambling. From time 1 to time 2, the
proportion of adults who shifted from low- to high-risk
gambling levels increased 13% and the proportion who
play EGMs increased 9%. Regular play of EGMs and
casinos is associated more strongly with problem gam-
bling than other forms of gambling [15–17]. The propor-
tion of the sample who reported harm from gambling
increased by 5% between times 1 and 2. Even gamblers
classified as low risk at both assessment points reported
an increase in the number of consequences from
gambling, although the relative change was not as pro-
nounced as gamblers who shifted from low to high risk.

Both the increase in gambling behaviour and the shift
towards higher risk games over time is consistent with
population trends in the last 10 years. Some researchers
have proposed that social adaptation will also take place,
which will lead to decreased gambling-related problems
with prolonged exposure [23,24]. Consistent with this
model, jurisdictions where prevalence studies have been

Table 4 Results of multivariate logistic regression predicting who shifts from low risk at time 1 to high risk at time 2 based on
exceeding the low-risk gambling limits.

Independent variables in the model
Remain
low risk

Shifted from low
to high risk

Odds
ratio 95% CI P

Male (%) 41.4 56.4 2.3 1.4–3.7 <0.001
Age (mean years) 36.9 45.1 1.1 1.0–1.1 <0.001
No post-secondary education (%) 44.9 48.5 1.7 1.0–2.9 0.036
Marital status (% married) 40.1 52.4 1.2 0.7–1.9 0.52
EGM play at time 1 (%) 29.3 38.4 1.7 1.0–2.9 0.04
Parents gambled regularly (% yes) 20.3 30.7 1.7 0.9–2.9 0.06
Proportion of friends who gamble

regularly (mean)
14.3 20.9 1.1 1.1–1.2 0.002

Smoker (%) 13.0 24.8 2.7 1.5–6.7 <0.001

EGM: electronic gaming machines; CI: confidence interval.
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The higher rate of dropouts in younger people may have
been a contributing factor to our age finding. In the LLLP
sample, younger people were more likely to be classified as
high risk at both time-periods and hence did not change.

In conclusion, these longitudinal data support the
validity of our previously identified indicators of high-
risk gambling. Moving into high-risk gambling over a
14-month period was associated with increased risk of
harm. In contrast, a shift from high-risk gambling at time
1 to low-risk gambling at time 2 was not associated with
a significant decrease in harms. Gambling-related harms
appear to be slow to resolve after gambling behaviour
becomes less risky. Future waves of the LLLP data will be
useful in determining the longer-term implications of
reducing risk.
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