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Abstract

Background and Aims: The Pathways Model of Problem Gambling suggests the existence of
three developmental pathways to problem gambling, each differentiated by a set of predisposing
biopsychosocial characteristics: Behaviorally Conditioned (BC), Emotionally Vulnerable (EV),
and Biologically Vulnerable (BV) gamblers. This study examined the empirical validity of the
Pathways Model among adolescents followed up to early adulthood. Design: A prospective-
longitudinal design was used, thus overcoming limitations of past studies that used concurrent or
retrospective designs. Setting: Two samples were used: a) a population sample of French-speaking
adolescents (N = 1,033) living in low socio-economic status (SES) neighborhoods from the Greater
Region of Montreal (Quebec, Canada), and b) a population sample of adolescents (N = 3,017),
representative of French-speaking students in Quebec. Participants: Only participants with at-risk
or problem gambling by mid-adolescence or early adulthood were included in the main analysis
(n = 180). Analyses: Latent Profile Analyses were conducted to identify the optimal number of
profiles, in accordance with participants’ scores on a set of variables prescribed by the Pathways
Model and measured during early adolescence: depression, anxiety, impulsivity, hyperactivity,
antisocial/aggressive behavior, and drug problems. Findings: A four-profile model fit the data
best. Three profiles differed from each other in ways consistent with the Pathways Model (i.e.,
BC, EV, and BV gamblers). A fourth profile emerged, resembling a combination of EV and BV
gamblers. Conclusions: Four profiles of at-risk and problem gamblers were identified. Three of
these profiles closely resemble those suggested by the Pathways Model.
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Introduction

Problem-gambling (PG) becomes a disorder when a gambler exhibits a pre-set number of
problems related to their gambling practice, from a legal, social, and self-control point of view
(American Psychiatric Association 2013). The prevalence of PG among the general adult
population varies between 2-5%, depending on the country studied (Williams et al. 2012; Shaffer
and Hall 2001). This rate is higher among adolescents and young adults (between 4-7%; Shaffer
and Hall 2001; Villella et al. 2011).

Although variable-oriented research has regularly identified the same set of risk factors for PG
(e.g., impulsivity, hyperactivity, emotional problems, delinquency, or drug problems), some
contradictory findings have also emerged. For example, impulsivity has been extensively
documented as predicting PG (Dussault et al. 2011; Johansson et al. 2009; Nower et al. 2004).
However, some researchers have also failed to find a link (Dannon et al. 2010; Langewisch and
Frisch 1998). Seemingly contradictory results in the literature may be due to the erroneous practice
of combining all problem gamblers into a single group. There is also accumulating evidence that
young problem gamblers, like their adult counterparts, are not a homogenous group (Gupta et al.
2012; Milosevic and Ledgerwood 2010; Nower et al. 2013).

The Pathways Model

Many researchers and clinicians have devised different classifications of gamblers
(Blaszczynski and Nower 2002; Moran 1970; Sharpe 2002). However, in Milosevic and
Ledgerwood’s (2010) analysis of 17 different studies that have classified PG into different
subgroups, the authors concluded that a three-group model — resembling the three pathways
proposed by the Pathways Model (Blaszczynski and Nower 2002) — appeared most consistently.

The Pathways Model proposes three developmental pathways to PG, each differentiated by a set
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of pre-disposing risk factors and consequences from gambling: Biologically Vulnerable (BV),
Emotionally Vulnerable (EV), and Behaviorally Conditioned (BC) gamblers.

BV problem gamblers display biopsychosocial vulnerabilities. These gamblers exhibit a range
of behaviors typically associated with impulse-control disorders, which have been found to be
partly under genetic influence and related to specific neuro-cognitive deficits (Dussault et al. 2011;
Lobo and Kennedy 2009; Nower et al. 2004). They also demonstrate high levels of antisocial or
aggressive behaviors unrelated to gambling, as well as multiple drug use. This subgroup exhibits
the most severe levels of PG, and tends to start gambling the earliest. They also tend to persist in
their gambling habits.

EV gamblers suffer from an underlying affective dysregulation. Negative family background
experiences or past trauma partially contribute to their emotional vulnerability. PG develops in
response to their affective state, as a means of emotional regulation. In line with this subgroup,
depression has been concurrently and predictively linked to PG (Dussault et al. 2011; Jacobs
2005). Members of this subgroup may also display other maladaptive behaviors (e.g., alcohol
abuse) to cope with their emotional difficulties. Their problem gambling levels are fairly stable,
but less severe than BV gamblers.

Finally, BC gamblers do not show signs of any biological or affective predisposition. They start
gambling for reasons of excitement and socialization (i.e., peer pressure), but fluctuate between
light and heavy problem gambling because of conditioning (i.e., differential reinforcement due to
gains and losses). Affective problems (e.g., depressive symptomatology) that may be associated
with their gambling are understood as a consequence, rather than a precedent, of their gambling.

They experience fewer gambling problems than their EV and BV counterparts, and tend to start
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gambling the latest. As a group, they also tend to be the first to desist from gambling once they
enter into adult roles during early adulthood, but exceptions may exist.
Empirical support for the model

A number of studies have tested the Pathways Model with adult samples (Valleur et al. 2015;
Nower et al. 2013). For instance, in a study among 581 problem gamblers who participated in the
US National Epidemiologic Survey on Alcohol and Related Conditions, Nower et al. (2013)
identified three profiles evocative of the subtypes covered by the Pathways Model. In contrast,
only one study has examined the applicability of this model to an adolescent population (Gupta et
al. 2012). This study identified five subgroups of problem gamblers (n = 109), three of which
resembled those described by the Pathways Model. However, all validation studies so far used a
cross-sectional design (i.e. all measures collected at the same time). This approach makes it
impossible to distinguish co-occurring mental health conditions that precede problem gambling
from those that accompany it. For example, in the case of EV gamblers, a cross-sectional approach
cannot help establish whether emotional problems preceded their gambling problems. To address
this shortcoming and to achieve a stronger empirical validation of the Pathways Model, a
longitudinal design — that collects measures unique to each pathway prior to the emergence of PG
— must be used.
Study Objectives

The first aim of this study was to identify the optimal number of PG profiles in terms of personal
characteristics ~ (i.e., impulsivity,  hyperactivity, anxiety, depressive  symptoms,
antisocial/aggressive behavior, and drug problems) in early adolescence before the emergence of
problem gambling. The second aim was to validate the empirically derived profiles by contrasting

them with regards to age of onset of gambling behavior, and other gambling characteristics (i.e.,
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number of gambling problems and frequency of gambling behavior) by mid adolescence (age 16)
and early adulthood (age 23). Two samples from Quebec (Canada), both of which used a
longitudinal design, were used. The first sample (“Sample A”) consists of low socioeconomic
status (SES) French-speaking adolescent males (high-risk group). The second sample (“Sample
B”) is representative of all Quebec students attending francophone schools. Gambling problems
were measured in both samples when participants were 16 and 23 years old. Personality (i.e.,
impulsivity, hyperactivity, depression, anxiety, and antisocial/aggressive behavior) correlates were
collected at age 12 using teacher ratings. Teacher ratings were chosen over parent ratings because
the former have been found to better predict problematic behavior in children (Power et al. 1998;
Verhulst et al. 1994). Drug problems were assessed using a self-report measure at age 14. Self-
reports were chosen because young adolescents are likely to hide their drug use from their teachers,
resulting in an underestimation of drug problems from the teacher’s perspective. Moreover,
surveys in Quebec have shown that adolescents generally start developing significant drug
problems around the age of 14 years (Dubé et al. 2009). Given that the two samples were merged
to maximize the number of problem gamblers who would be included in the analyses, we also
examined whether the results varied from one sample to the other.

Although we used two population-based samples, only at-risk or problematic gamblers were
selected for this study. Since the Pathways Model serves to identify developmental pathways
leading to PG, it makes sense to only target participants who have developed some levels of
gambling problems. Past studies that have examined the Pathways model used a similar strategy.
Hypotheses

As outlined by the Pathways Model, we expected to find one subgroup (i.e., BV) with higher

levels of impulsivity, hyperactivity, drug problems, and antisocial/aggressive behavior during
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early adolescence relative to all other subgroups. Another subgroup (i.e., EV) was expected to
display higher levels of depression and anxiety during early adolescence, relative to all other
groups. Also, we expected to find a third and final subgroup (i.e., BC) with low levels on all
indicator variables, compared to the other two subgroups. Finally, we expected BV gamblers to
report a higher number of gambling problems both during late adolescence and early adulthood
and an earlier age of onset of gambling behavior compared to EV gamblers, who in turn were
expected to report more gambling problems and an earlier age of onset of gambling behavior than
BC gamblers.
Method

Participants

Sample A. Participants were part of an ongoing longitudinal study that started in 1984 with
1,033 French-speaking kindergarten boys attending schools in economically disadvantaged areas
in Montreal, Quebec, Canada. Participants included in the initial sample represented 87% of all
boys attending the 53 schools that participated in the study. Data used in this study were collected
when the participants were 12, 14, 16 and 23 years old. This non-probabilistic convenience sample
represents a high-risk group (i.e., low SES males).

Sample B. Participants were part of the ongoing Québec Longitudinal Study of Kindergarten
Children, a representative sample of the French-speaking children attending kindergarten in the
province of Quebec, Canada, in 1986-1987. From an initial pool of 6,397 six-year old children,
2,000 participants were selected among the children for whom both parent reports and teacher
reports were available, to ensure good participation during follow-up. Out of all the parents and
teachers initially contacted, 63% of parents and 68% of teachers provided complete reports. An

additional 1,017 participants with elevated scores on a disruptive behavior scale (Tremblay et al.
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1991) were included to provide sufficient statistical power when examining problematic behavior.
The final, partly probabilistic, partly high risk, sample consisted of 3,017 participants (58% male).
See Rouquette et al. (2014) for a complete explanation of sampling procedure. Data used in this
study were collected when the participants were 12, 14, 16 and 23 years old.
Procedure

The study was approved by the School Board and active written consent was obtained from
parents in both samples. All participants actively provided their assent to take part in the study.
Participants were also informed before data collection that their answers were strictly confidential
and that they could end their participation at any time. All measures were administered in the
Spring towards the end of the school year. Unless otherwise stated, the same instruments were
administered in both samples.
Measures

Teacher Ratings. When participants were 12 years old, teachers completed the Social Behavior
Questionnaire (Tremblay et al. 1987). Each item was rated on a 3-point scale (0: Does not apply,
1: Applies sometimes, and 2: Frequently applies). From this instrument, items were selected to
assess Impulsivity, Hyperactivity, Depression, Anxiety, and Antisocial/Aggressive behavior. Item
scores were summed to obtain a total score for each variable.

Impulsivity. A total of 7 items (e.g. “acts without thinking”) were included in this scale (Sample
A: Cronbach’s a = .89; Sample B: o = .88). Higher scores indicate higher levels of impulsivity.
Total scores varied between 0 and 13.

Hyperactivity. A total of 3 items (e.g. “squirmy, fidgety child”’) were included in this scale
(Sample A: o = .86; Sample B: a = .85). Higher scores indicate higher levels of hyperactivity.

Total scores varied between 0 and 4.
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Depression. A total of 4 items (e.g. “appears miserable, unhappy, tearful or distressed”) were
included in this scale (Sample A: « = .62; Sample B: a = .63). Higher scores indicate higher levels
of depression. Total scores varied between 0 and 7.

Anxiety. A total of 3 items (e.g. “is worried about many things”) were included in this scale
(Sample A: o = .86; Sample B: o = .84). Higher scores indicate higher levels of anxiety. Total
scores varied between 0 and 6.

Antisocial/Aggressive behavior. A total of 9 items (e.g. “has stolen things on one or more
occasions.”) were included in this scale (Sample A: o = .87; Sample B: o = .87). Higher scores
indicate higher levels of antisocial/aggressive tendencies. Total scores varied between 0 and 16.

Self-Reported Ratings. Participants reported on their drug and alcohol-related problems when
they were 14 years old. They also reported on their gambling-related problems when they were 16
and 23 years old.

Drug and Alcohol Problems. The Personal Experience Screen Questionnaire (PESQ; Henly
and Winters 1988) was used to gauge illicit drug and alcohol problems. This test examines 18
potential problems (e.g. “When you have consumed alcohol or drugs, how many times have you
seen, felt, or heard things that were not really there?”), with item scores ranging from 1 (never) to
4 (often). Higher rates indicate more severe levels of drug and alcohol problems. Total scores
varied between 18 and 43 (Sample A: a.=.93; Sample B: a =.90). The following three items were
included to detect if participants were lying: “In order to pay for alcohol or drugs, how many times
have you conned people with counterfeit money?”, “How many times have you consumed alcohol
or other drugs (including cigarettes and marijuana) while parachuting?”, and “How many times
have you obtained alcohol or drugs from a police officer?” If a participant responded positively to

one of these questions, the overall score was deleted and treated as missing data.
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Gambling Problems and Gambling Frequency. In accordance with recommendations made by
Nower and Blaszczynski (2005), we used adolescent and adult versions of the South Oaks
Gambling Screen to assess gambling problems (SOGS-RA at age 16 years and SOGS at age 23
years; Lesieur and Blume 1987; Winters et al. 1993). The SOGS is a self-reported questionnaire
designed to assess problems related to past-year gambling practices. The SOGS-Revised for
Adolescents (SOGS-RA) comprises 12 Yes/No items, whereas the adult version consists of 20
items. Both instruments share 11 items. However, the twelfth item in the adolescent version (i.e.,
“borrowing money to gamble or to pay gambling debts”) is split into nine items in the adult version,
with each source of borrowing added up independently (e.g., borrowing from family and friends
would result in a score of 2 in the adult version, and a score of 1 in the adolescent version). An
additional nine items were used to analyze the frequency (0: never, 1: less than once a month, 2:
once a month, 3: once per week, 4: daily) at which participants engaged in a variety of gambling
activities (e.g., play cards for money). A frequency score was computed by adding scores for each
gambling activity.

The SOGS-RA has been validated for screening gambling problems among adolescents aged
14 to 20 years old (Chiesi et al. 2013), and the SOGS has been validated in a variety of settings
(i.e., Gamblers Anonymous, university students, and hospital employees; Lesieur & Blume, 1987).
In Sample A, Cronbach’s a was .76 and .88 at ages 16 and 23, respectively. In Sample B,
Cronbach’s a was .76 and .75 at ages 16 and 23, respectively.

In Sample A, age of onset of gambling was prospectively assessed starting at age 12 years, by
asking participants if they had gambled in the past year. In Sample B, age of onset was

retrospectively assessed at age 23 by asking participants at what age they first gambled.
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Results
Data Treatment and Preliminary Analyses

Sample A. Of the initial sample of 1,033 participants, 669 (65%) and 504 (49%) had valid data
on gambling at ages 16 and 23, respectively. Among those with gambling data for at least one
time-point (n = 801), 84 (10.5%) displayed at-risk levels of gambling at one or more time-points
and were included in our PG classification: 55 (8.2%) had two or more problems at ages 16 and
32 (6.2%) had four or more problems at age 23. Two or more gambling problems in adolescence
corresponds to Level 2 of the Levels terminology used by Shaffer and Hall (2001; i.e., at-risk or
transitional gambling), whereas 4 or more gambling problems in early adulthood corresponds to
one less problem than that required to be classified as a “probable pathological gambler” by the
SOGS (i.e., problem gambler). These criteria were similar to those used by Gupta et al. (2012) and
by Nower et al. (2013).

Sample B. Of the initial sample of 3,017 participants, 1,798 (60%) and 1,445 (48%) had valid
data on gambling at ages 16 and 23, respectively. Among those with gambling data for at least one
time-point (n = 2248), 114 (5%) displayed at-risk levels of gambling at one or more time-points
and were included in our PG classification: 101 (5.6%) had two or more problems at age 16 and
16 (1.1%) had four or more problems at age 23.

Considering that the main goal of the study was to identify antecedents of PG, and that PG may
emerge in adolescence or adulthood, problem gamblers identified at either age period (i.e., mid-
adolescence or early adulthood) from both samples were combined for all analyses. This strategy

also allowed us to maximize sample size and hence boost statistical power. When conducted on
gambling data at ages 16 and 23 years, Little’s (1988) test was not significant, »? (2, N = 4050) =

4.062, p = .131, indicating that gambling data were Missing Completely At Random (MCAR).
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Therefore, cases with missing data could be safely ignored when selecting our subset of problem-
gamblers without introducing much bias.

Preliminary analyses were conducted to check the distributional properties of our data.
Univariate outliers were winsorized (Tabachnick and Fidell 2012). Considering many variables
showed a skewed distribution, we used a Maximum Likelihood estimation with Robust standard
errors (MLR; B. Muthén and Asparouhov 2002); an estimation method specifically conceived for
non-normally distributed data.

Of the 198 participants selected, 18 had missing data on all indicator variables at ages 12 or 14
and were excluded from the PG classification. Of the remaining 180 participants, 21 were female
(21.4% of Sample B; 11.7% of the combined samples), 11% had missing data on the teacher-rated
scales at age 12; and 26% had missing data on the self-rated scale of drug abuse at age 14 years
(including 6 participants whose scores were deleted because they failed the built-in lie-detecting
items). Missing data was handled using the Full Information Maximum Likelihood method for the
Latent Profile Analysis (see below), and using Multiple Imputation (10 iterations) for subsequent

analyses. These methods are appropriate when data is missing completely at random, which was
the case according to Little’s test (Little 1988), #% (6, N = 180) = 7.91, p = .245. Table 1

summarizes descriptive statistics for the main variables used in this study, after combining problem
gamblers from Samples A and B.
Latent Profile Analysis

Latent Profile Analysis (LPA; Collins and Lanza 2010) is a type of Latent Class Analysis, a set
of statistical tools that allow identification of profiles according to a set of continuous indicator
variables (DiStefano 2012). The number of profiles is not known beforehand and the optimal

solution is found by using a set of model fit indicators, combined with maximume-likelihood tests
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(probability-based classification). Following Celeux and Soromenho (1996) and Nylund et al.
(2007), the following fit indicators were used: Bayesian information criterion (BIC), Entropy, and
Lo-Mendell-Rubin Adjusted Likelihood Ratio Test (LMR-ALRT). The empirically-derived profiles
were further validated by testing for differences between profiles across all indicator variables
using a MANOVA. LPA was performed, using a step-wise mixture modeling technique with
MPIlus 6.12 (L. K. Muthén and Muthén 2010), to identify the optimal number of PG profiles based
on the following indicator variables suggested by the Pathways Model: teacher-rated impulsivity,
depression, anxiety, hyperactivity, and antisocial/aggressive behavior at age 12; self-reported drug
problems at age 14.

The LPA was conducted with the 180 participants who displayed at-risk or problematic levels
of gambling either at 16 or at 23 years of age. Model fit indices are reported in Table 2. Two- and
three-class models separated groups based on their degree of severity across all variables (i.e., high
on all vs. low on all). Furthermore, although the five- and six-class models had lower BIC scores,
this indicator kept decreasing no matter how many classes were added. The tendency for the BIC
to consistently decrease has been observed across many other studies that have used continuous
indicators, rather than categorical, to determine the optimal number of classes (Nower et al. 2013,
Marsh et al. 2009; Geiser et al. 2014). Therefore, in accordance with Marsh et al.’s (2009)
recommendations, the best-fitting solution was selected based on qualitative and quantitative
changes between the classes. A four-class model turned out to be optimal, as demonstrated by the
statistically significant LMR-ALRT, higher entropy, and profiles that were qualitatively meaningful
(i.e., not simply separated into high, medium, low levels across all variables).

Three of the four profiles closely resembled the BC (n = 105; 58%), EV (n = 31; 17%), and BV

(n = 36; 20%) pathways. The fourth profile (n = 8; 5%) had high levels on all indicator variables,
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and resembled an overlap between EV and BV profiles, hereafter dubbed Bio-Emotionally
Vulnerable (BEV) gamblers; a similar profile was also found by Gupta et al., 2012).
Confirming PG Profiles

All subsequent analyses were conducted with SPSS version 22 (IBM 2013). Participants were
classified into one of the four profiles identified, based on their most likely class membership.
Participants classified into the fourth pathway were not included in these analyses because of the
low participant count (n = 8), resulting in a subset of 172 problem gamblers. First, a chi-square
test of independence was conducted to test equality of gender distribution across gambling groups.
The test was not statistically significant, y* (2, N = 172) = 2.04, p = .360. Second, a MANOVA
was conducted to validate the distinctiveness of all profiles identified. All six indicator variables
(i.e., Impulsivity, Depression, Anxiety, Hyperactivity, Antisocial/Aggressive Behavior, and Drug
Problems) were included as dependent variables. Drug Problems was the only variable to show
excessively high skewness and kurtosis levels, and was therefore subjected to a logarithmic
transformation prior to analyses.

Profiles served as a fixed factor (i.e., BC, EV, and BV). The results from the MANOVA
indicated a significant overall difference between groups across indicator variables: average
Pillai’s Trace = 1.13, F (12, 330) = 35.61, p <.001, partial eta squared = .56, power to detect the
effect was 1.00. The results remained significant after controlling for Gender and SES. Priority
was given to Pillai’s Trace because it has been shown to be very robust to violations of MANOVA
assumptions (Scheiner 2001), such as heteroscedasticity. Levene’s test of equality of error
variances yielded satisfying results for all variables except Antisocial/Aggressive, F (2, 169) =
7.32, p <.001, Hyperactivity, F (2, 169) = 3.07, p = .049, and Drug Problems, F (2, 169) = 4.19,

p =.017. Univariate F tests for between-subject effects revealed a significant difference between
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groups for: Impulsivity, F (2, 169) = 106.05, p < .001; Hyperactivity, F (2, 169) = 108.50, p <
.001; Depression, F (2, 169) = 71.01, p < .001; Anxiety, F (2, 169) = 38.44, p < .001,
Antisocial/Aggressive Behavior, F (2, 169) = 36.62, p < .001; and Drug Problems, F (2, 169) =
5.35, p =.006. A second MANOVA also included Sample (A or B) as a second factor in order to
test for a Pathway * Sample interaction, which was not significant, Pillai’s Trace = 0.09, F (12,
324) = 1.32, p = .205. Therefore, the differences between pathways were not due to belonging to
one sample or another.

Post hoc tests were conducted to examine specific differences between groups. The Student-
Newman-Keuls test (appropriate for unequal group sizes) was used for this purpose. Table 3
summarizes mean scores of all variables for each group. Some significant differences (« = .05),
consistent with the Pathways Model, are particularly worth noting:

e EV gamblers were rated by their teacher as manifesting more depressive symptoms
than BV gamblers, who in turn had higher levels than BC gamblers;

e EV gamblers were rated by their teachers as manifesting more anxiety symptoms than
BV gamblers, who in turn had higher levels than BC gamblers;

e BV gamblers were rated by their teachers as manifesting more impulsive symptoms
than EV and BC gamblers;

e BV gamblers were rated by their teachers as manifesting more hyperactivity
symptoms than EV and BC gamblers;

e BV gamblers were rated by their teachers as manifesting more antisocial/aggressive
behaviors symptoms than EV and BC gamblers; and

e BV gamblers reported more drug problems compared to EV and BC gamblers.
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Validating PG Profiles

Gambler profiles (i.e., BC, EV, and BV) were then compared in terms of their gambling
practices (Age of Onset, Frequency, and Problems; mean scores are reported in Table 3). First, a
series of ANOVAs were conducted. No difference between groups appeared with regards to Age
of Onset, F (2, 169) = .76, p =.469. Likewise, no differences were found with regards to Gambling
Frequency at both time-points: age 16, F (2, 169) = 1.40, p =.249; age 23, F (2, 169) =0.92, p =
.400.

The comparison for gambling problems required a different analytical strategy since gambling
problems are count data. A choice had to be made between a Poisson and a negative binomial
regression model. As there was a high level of overdispersion in the data (i.e. variance 2 to 3 times
greater than the mean, for both time-points), a negative binomial regression model was estimated
(Gardner et al. 1995). BV gamblers were set as a reference group, and served as a basis for
comparison with the two other groups (i.e., BV vs. BC, BV vs. EV). SES and gender were included
as covariates.

At age 16 years, the omnibus likelihood ratio 4? test revealed no effects of the independent
variables: y? (4, N = 172) = 2.31, p = .679, indicating that there was no difference between
pathways. At age 23, however, a significant effect was found: y? (4, N = 172) = 21.49, p < .001.
The gender covariate was significant (p =.001), indicating that males had approximately 1.27 more
problems than females. Above and beyond the significant effect of the gender covariate, BV
gamblers had approximately .48 (p = .045) more gambling problems compared to their BC
counterparts, and .66 more gambling problems compared to EV gamblers (p = .053). When
controlling for gambling problems at age 16, the only remaining difference was between BV and

BC gamblers (p = .033)
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Finally, considering that participants were selected based on whether or not they displayed PG
at either age 16 or 23 years (i.e., could have displayed PG at age 16 but not 23, or vice-versa),
another series of chi-square tests of independence were conducted to test whether PG prevalence
differed between pathways at each time-point. The test was not significant at age 16, y* (2, N =
172) = 1.87, p = .393. However, results were significant at age 23, y* (2, N = 172) = 6.78, p = .034.
In other words, among problem-gamblers at age 16, the proportion belonging to each profile was
similar to the initial percentages identified through the LPA. However, at age 23 years, the
proportion belonging to the BV subgroup increased (i.e., they were over-represented), the
proportion of BC gamblers decreased (i.e., they were under-represented), and the proportion of
EV gamblers remained stable.

Discussion

The Pathways Model is a developmental etiological model with a set of predisposing factors
that can lead at-risk gamblers to follow one pathway over another. The current study is the first to
examine the model’s empirical validity for adolescents using a longitudinal design that can
disentangle the chronological ordering between predisposing factors and gambling profiles.

In line with the first study objective, four profiles of problem gamblers were identified based
on personal characteristics measured in early adolescence, three of which closely resemble the
subtypes described by the Pathways Model: Behaviourally Conditioned (58%), Emotionally
Vulnerable (17%), and Biologically Vulnerable problem gamblers (20%), and a fourth sub-type
displaying an overlap of Biologically and Emotionally Vulnerable (BEV) characteristics (5%).
These findings are partially concordant with those reported by Gupta et al. (2012) and Nower et

al. (2013). BC, EV, and BV profiles were also identified in both of these studies. The BEV profile
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was only identified in the Gupta et al. (2012) study, which examined adolescent gambling,
suggesting that this profile may be specific to this developmental period.

As hypothesized, EV gamblers displayed higher levels of anxiety and depressive symptoms
compared to all other groups. Also, BV gamblers were more impulsive and hyperactive than their
EV and BC counterparts. However, contrary to the validation studies by Gupta et al. (2012) and
Nower et al. (2013), a hyperactivity component was not present in EV gamblers. Nonetheless, this
result is concordant with the Pathways model. With regards to drug problems, our results are also
consistent with the Pathways Model: BV gamblers displayed higher scores compared to BC and
EV gamblers, who did not differ from each other.

With regards to the second study objective (i.e., comparing profiles in terms of gambling
behavior), the three pathways identified in this study did not differ with regards to age of onset of
gambling behavior. This conflicts with theoretical predictions, considering that BV gamblers are
hypothesized to start gambling earlier and to gamble more frequently than their EV and BC
counterparts. Results with respect of age of onset, however, could have been different had we
started assessing gambling behavior before the age of 12, as some children may have started
gambling at an earlier age (Vitaro and Wanner 2011). Moreover, no differences were found
between groups at age 16 with regards to gambling problems on the SOGS-RA, possibly because
age 16 corresponds to the peak of gambling problems for all the groups (Wanner et al. 2006).
However, at age 23, BV gamblers reported more gambling problems compared to their BC
counterparts, which is in line with theoretical predictions. Also, BV gamblers’ problems seemed
to persist, whereas EV and BC gamblers seemed to desist, as evidenced by BV gamblers’ higher

rate of PG at age 23.
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By showing that characteristics correlate differently with specific pathways, the present results
also help reconcile contradictory findings found in past studies. For instance, Dannon et al.’s
(2010) finding that PG was not associated with impulsivity could be due to the fact that their
sample consisted mainly of BC and EV gamblers. Furthermore, McCormick et al.’s (1984) finding
that depression does not always precede gambling problems might be explained by the qualitative
difference between BC and EV gamblers. This does not mean, however, that personal
characteristics are the only risk factors associated with problem gambling. Other risk factors
include environmental as well as structural factors (Johansson et al. 2009).

Our findings support the need to adopt a differentiated view with respect to etiological models
of adolescent PG. More specifically, our findings suggest that different personality characteristics
may conspire to put some individuals at risk for problem gambling, although the origins of these
characteristics and their possible interplay with socio-environmental factors remain unknown. Our
findings also point to the need to shift toward a differential targeted prevention approach in regard
to PG in adolescents. Considering that disordered gambling has recently been classified among
other substance use disorders (American Psychiatric Association 2013), prevention program
developers should find inspiration from existing targeted prevention programs that have focused
on substance use by targeting the specific personal and socio-environmental risk factors
experienced by different subgroups (Conrod et al. 2013; Allami and Vitaro 2015).

Strengths and Limitations

This study has several strengths. First, adopting a longitudinal perspective allowed us to
disentangle personal characteristics generally associated with PG from the specific gambling
profiles they are linked to. Second, we used different raters to assess participants’ characteristics

and gambling problems, thus reducing bias that could result from shared method variance. Third,
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we included longitudinal measures of gambling characteristics to further validate the gambling
profiles. Despite these assets, some limitations must be noted. First, even with our large combined
sample, the relatively small sample size of problem gamblers may have limited our ability to
effectively identify differences between groups. For example, the fourth profile of PG could have
been included in subsequent analyses had a larger sample been used. Statistical significance might
also have been achieved on comparisons of gambling frequency, problems and gender. Second,
there was a relatively large amount of missing data. Although handled with state of the art
statistical techniques, this may limit the generalizability of our results. Third, the instruments used
to assess personality predispositions (i.e., impulsivity, hyperactivity, depression, anxiety, and
antisocial/aggressive behavior) were relatively short, with the number of items per scale ranging
from 2 to 7, and may only be considered as screening tools, rather than thorough diagnostic
assessments. Finally, although most measures were collected prospectively, some were collected
using a retrospective strategy (i.e., age of onset for Sample B) and may thus have been affected by
recall bias.

Despite these limitations, the current study showed that four profiles of adolescent at-risk and
problem gamblers can be empirically derived, three of which closely resemble those suggested by
the Pathways Model, thereby contributing to the accumulating evidence supporting the validity of

this theoretical model.
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Table 1

Descriptive Statistics (Problem Gamblers, N=180)

Variable (Age) M SD Skewness Kurtosis
Antisocial/Aggressive behavior (12) 3.21 3.83 1.30 97
Impulsivity (12) 3.39 3.60 .92 -.25
Hyperactivity (12) 1.30 1.60 1.07 -.02
Anxiety (12) 2.03 1.60 40 -.68
Depression (12) 1.45 1.66 1.25 1.32
Drug problems (14) 20.31 5.20 3.56 14.89

Log(Drug Problems) .61 93 1.37 75
Gambling problems (16) 2.86 2.06 1.52 4.14
Gambling frequency (16) 6.52 4.39 1.13 2.36
Gambling problems (23) 1.81 3.09 1.80 2.25
Gambling frequency (23) 3.82 3.54 1.72 3.54
Age of Gambling Onset 12.50 3.31 .38 -50

Note. M: Mean, SD: Standard deviation.
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Table 2

Model Fit Indicators for Latent Profile Analysis (N=180)

Model BIC? Entropy LMR-ALRT®
(p value)
2-class 4347 847 .000
3-class 4260 864 .063
4-class 4168 874 .037
5-class 4142 863 523
6-class 4111 .868 438

Note. Best-fitting model is shown in bold.

@ Bayesian Information Criterion

b |_o-Mendell-Rubin Adjusted Likelihood Ratio Test

21



LONGITUDINAL INVESTIGATION OF THE PATHWAYS MODEL

Table 3

22

Group Means (M) and Standard Deviations (SD) for Behaviorally Conditioned (BC), Emotionally

Vulnerable (EV), and Biologically Vulnerable (BV) Gamblers, Averaged Across 10 Imputations

BC (n = 105) EV (n=31) BV (n = 36)

Variable (Age) M SD M SD M SD
Antisocial/Aggressive 2.02°¢ 2.77 2.42° 2.36 6.912b 3.98
behavior (12)

Impulsivity (12) 2.07¢ 2.26 1.81°¢ 1.77 8.253P 252
Hyperactivity (12) 75° .99 52°¢ .76 3.402b 1.15
Anxiety (12) 1.330¢  1.24 3.423¢ 148 2.652P 1.13
Depression (12) 758¢  1.06 3.292¢ 81 1.362P 1.08
Drug Problems (14) 20.23°¢ 3.78 19.85°¢ 2.98 2331%  7.69
Gambling Problems (16) 2.63 1.97 3.45 2.25 2.78 2.12
Gambling Frequency (16)  6.21 4.30 7.58 4.36 6.99 4.77
Gambling Problems (23) 1.73° 3.05 1.31 2.19 2.93% 3.35
Gambling Frequency (23)  3.81 3.20 3.96 3.20 3.70 3.09
Age of gambling onset 12.45 3.58 12.32 3.01 12.75 2.95

2 Different from BC group at the a = .05 level.

b Different from EV group at the o = .05 level.

¢ Different from BV group at the & = .05 level.
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