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Abstract

Engagement in underage gambling remains a public health concern. Risk factors for the
development of gambling behaviours in adolescence include the presence of externalizing
and/or internalizing problems. This study aims to better understand the role of co-occur-
rence between externalizing and internalizing symptoms from childhood to adolescence
in adolescent gambling. Participants were drawn from an ongoing longitudinal study of
children with and without early conduct problems. Externalizing and internalizing prob-
lems were measured annually using teacher and parent reports. Gambling behaviours were
measured using self-report when participants were approximately 15 years old. Latent
class growth trajectory analyses identified five mental health trajectory classes: (1) a co-
occurring trajectory characterized by stable clinical levels of both externalizing and inter-
nalizing problems, (2) an externalizing trajectory characterized by stable high clinical lev-
els of externalizing problems, (3) an internalizing trajectory characterized by stable at-risk
levels of internalizing problems, (4) an at-risk externalizing trajectory characterized by
decreasing levels of externalizing problems, and (5) a non-clinical trajectory. Invariance
analyses suggested that this model remained valid in both boys and girls. Logistic regres-
sion analyses suggested that youth who belonged in the externalizing trajectory reported a
greater likelihood of past-year gambling behaviours when compared to youth who belong
in the comorbid trajectory. No other mental health trajectory was significantly associated
with adolescent gambling. Stable high externalizing behaviours in development appear to
increase one’s risk of gambling behaviours in adolescence. Efforts to target these through-
out development could help decrease one’s future risk of engaging in these behaviours.
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Introduction

Gambling behaviours in adolescents remain a public health concern, with research sup-
porting the importance of early identification of these behaviours to help minimize future
harms (Sideli et al., 2018). Epidemiological studies estimate that rates of participation in
gambling over the past year amongst adolescents range from anywhere between 15 and
80% (Brezing et al., 2010; King et al., 2020; Molinaro et al., 2018), and it has been reported
that the average age of onset for gambling is younger than the average age of onset for sub-
stance use in North America (Brezing et al., 2010; Jacobs, 2004). Additionally, gambling
has become significantly more accessible to youth in recent years due to the popularization
of online games blurring the distinction between gambling and gaming (e.g., free-to-play
social casino games, loot boxes, skills-based gambling, sports wagering; King et al., 2010;
Veselka et al., 2018). This has perhaps made gambling appear more appealing to youth.
Furthermore, early engagement in addictive behaviours appears to be a significant predic-
tor of future problematic engagement in gambling. Indeed, adults with problem gambling
report an early age of gambling onset (Dowling et al., 2017; Kessler et al., 2008; Nower
et al., 2013; Rahman et al., 2012; Winters et al., 2002). Using a developmental framework,
early gambling engagement can be conceptualized as a precursory or necessary behaviour
to the development of future problem gambling. Consequently, current rates of adolescent
gambling behaviours paired with their increased social normalization (Derevensky et al.,
2010) point towards the need for professionals to understand early childhood markers of
these behaviours in order to promptly identify children at greater risk for later problems.

The few theoretical models that have been proposed to explain the development of
gambling behaviours include the presence of mental health problems such as externaliz-
ing (e.g., conduct problems) and internalizing (e.g., anxiety, depression) problems as risk
factors (Richard et al., 2020; Yakovenko & Hodgins, 2018). These include the Pathways
Model (Blaszczynski & Nower, 2002) as well as three pathways to substance use that can
help theoretically inform risk factors for the development of gambling behaviours in ado-
lescence (Fergusson et al., 2005; Hussong et al., 2011; Khantzian, 1997; Maslowsky et al.,
2014; Mason et al., 2008; Zucker et al., 2011). Briefly, both theoretical models argue for
the existence of an externalizing pathway and an internalizing pathway to future gam-
bling (respectively referred to as the antisocial/impulsivity pathway and the emotionally
vulnerable pathway in the Pathways Model). There also exists a combined pathway which
suggests that internalizing problems interact with externalizing problems to increase risk
for future addictive behaviours (Maslowsky et al., 2014). However, evidence for this path-
way remains inconclusive as comorbidity has also been found to lower one’s future risk of
addictive behaviours in adolescence (Mason et al., 2008). A systematic review from Rich-
ard et al. (2020) has concluded that both the externalizing and combined pathways appear
to be especially relevant to the development of future gambling behaviours.

Gender differences have been observed in rates of externalizing behaviours and inter-
nalizing problems. Externalizing behaviours tend to be more common in boys while inter-
nalizing symptoms tend to be more common in girls (Askari et al., 2021; Mojtabai et al.,
2016). However, girls who do display externalizing behaviours may be worse off than boys
displaying similarly severe symptoms (Brennan & Shaw, 2013; Eme, 1992). As such, the
externalizing, internalizing, and combined pathways may be differentially predictive for
boys and girls. Gender differences have also been observed in the adolescent gambling lit-
erature. Indeed, boys have consistently been identified as having a greater risk for future
involvement in gambling behaviours as well as gambling-related problems (Brezing et al.,
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2010; Dowling et al., 2017; Johansson et al., 2009). This translates to the literature on ado-
lescent gambling having samples that skew predominantly male (Richard et al., 2020).
Taken together, this suggests a need for research to include samples with a greater propor-
tion of girls when examining the mental health profiles that influence the risk of future
gambling participation in adolescence.

Although the pathways model has been replicated in adolescent samples (Allami et al.,
2017; Gupta et al., 2013), it has not been examined in samples of adolescents with clini-
cal levels of mental health problems. Such examination remains important given the pos-
sible existence of subgroups within adolescents with mental health problems, including
groups that would capture co-occurrence of externalizing and internalizing problems.
For example, previous research has identified multiple trajectories of externalizing prob-
lems throughout development (Fanti & Henrich, 2010). These include a chronic trajec-
tory (i.e., externalizing problems that remain high throughout development) as well as
multiple desisting trajectories (i.e., externalizing problems that are present in childhood,
but decrease over time at various rates). Variability in co-occurring trajectories were also
observed, with some adolescents endorsing both externalizing and internalizing problems,
but with different baseline levels and rates of growth. The use of samples with clinical
levels of mental health problems therefore remains necessary to help capture these sub-
groups and evaluate whether they may be differentially associated with the development of
a future risk for gambling behaviours in adolescence.

To our knowledge, few studies have examined longitudinal trajectories for externaliz-
ing and internalizing problems in the prediction of adolescent gambling behaviours, and
even less have considered the co-occurrence of these (Richard et al., 2020). Our team has
recently published (Richard et al., 2022) an article examining how mean trajectories of
externalizing and internalizing problems relate to future gambling engagement. Endorse-
ment of high externalizing problems at baseline was associated with an increased risk of
future adolescent gambling engagement, as was a slower decrease in these problems over
time. Furthermore, higher baseline levels of internalizing problems were associated with
a decreased risk of future adolescence gambling engagement. Although the interaction
between both externalizing and internalizing mean trajectories was examined, no signifi-
cant effect was found. Given previous data suggesting high rates of comorbidity in child-
hood externalizing and internalizing problems (Cerda et al., 2008; Loeber et al., 1999) as
well as supporting the effect of comorbidity on adolescent gambling (Richard et al., 2020),
we wish to further expand on our previous work by organizing trajectories in groups of
individuals, using latent class analysis, to reflect variability of mental health profiles within
externalizing and internalizing problems. In doing so, we hope to yield additional insights
into the combined effects of co-developing internalizing and externalizing for future
engagement in adolescent gambling behaviours.

Objectives

The overarching goal of the present study is to examine associations between longitudinal
mental health pathways and adolescent gambling participation in a sample with clinical
levels of mental health problems. This will be done through the identification of trajec-
tory groups that will help us better capture profiles of co-occurrence (in contrast with only
externalizing or internalizing profiles) from childhood to adolescence. If the externalizing
pathway is supported, we would expect the presence of externalizing problems through-
out development to be associated with later gambling participation. If the internalizing
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pathway is supported, we would expect the presence of emotional problems throughout
development to be associated with later gambling participation. If co-occurring external-
izing and internalizing problems lead to later gambling participation, then the combined
pathway will be supported. We also aim to test for the presence of gender differences in the
above pathways to adolescent gambling behaviours. However, the paucity of gender-spe-
cific research for girls in this area precludes us from developing any specific hypotheses.

Methods
Participants

The current study uses data from an ongoing longitudinal study on the evolution of early
conduct problems (CP) among boys and girls. Participants (N=744) were recruited in ele-
mentary schools from eight public school boards across different regions of Québec, Can-
ada (Montréal, Montérégie, Eastern Townships, and Québec City). To deliberately over-
sample children with high levels of CP, approximately half of the participants (n=2370)
were randomly selected from the pool of children receiving psychosocial services for CP.
Among this sample, 339 children obtained a score in the borderline or clinical range of
the DSM-oriented scales for CP and oppositional defiant problems of the Achenbach Sys-
tem of Empirically Based Assessment (ASEBA; Achenbach et al., 2003). Additionally, 881
children were screened using the same scales to identify students who presented a level of
CP in the borderline or clinical range but who were not receiving psychosocial services
at school (n=95), for a total of 434 students identified as having CP. This method was
applied to students from lower socioeconomic status neighbourhoods. The remaining chil-
dren (n=279) were randomly selected from the pool of children screened that did not meet
criteria for CP, for a total of 310 students identified as not having CP. These children did
not differ significantly in sex and in age from the targeted sample of children with CP. The
current study uses data from study inception (T1; ages 6.3-10.6 years old) through to wave
8 (T8; ages 12.3—-16.7 years old).

Procedure

A repeated measures design was used to collect data from participants and their families
at 12-month intervals. Children and their parents were met separately at home by trained
research assistants while teachers were contacted via telephone to complete the study pro-
tocol. Since study inception, less than 9% of recruited participants have refused to continue
participating or have become untraceable. Ethical approval was granted by the ethics board
of the Université de Sherbrooke and all participants provided informed consent.

Measures
Externalizing and Internalizing Problems

These problems were assessed annually between T1 and T7 using parent (CBCL) and
teacher (TRF) reports of the externalizing (35 and 32 items respectively; sample items

9 <

include “threatens people”, “breaks rules”, “skips school”, etc.) and internalizing (32
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and 33 items respectively; sample items include “cries a lot”, “nervous, high-strung, or
tense”, “feels worthless”, etc.) problem scales of the ASEBA (Achenbach et al., 2003).
Items are measured on a three-point scale ranging from 0 (not true) to 2 (very/often
true), with higher scores indicating higher levels of problems. Raw scores were con-
verted to T-scores according to informant appropriate norms of the instrument. We then
created a cross-informant score by combining the CBCL and TRF and retaining the
highest T-score on either problem scale. Cronbach’s alpha for the externalizing (CBCL:
a=0.93-0.94; TRF: a=0.94-0.95) and internalizing (CBCL: a=0.87-0.89; TRF:
a=0.86—-0.89) problem scales demonstrated good internal consistency.

Gambling Participation

Gambling participation was assessed at T8 using the Diagnostic Statistical Manual-IV
Adapted for Juveniles (DSM-IVJ; Fisher, 1992). Gambling participation was identified
by participants reporting whether they had bought or asked someone to buy lottery tick-
ets, or engaged in the betting of money or valuable objects during the past 12 months
(yes/no).

Statistical Analyses

First, parallel growth modeling was utilized to identify the mean individual trajectories of
both externalizing and internalizing problems between T1 and T7. We estimated the inter-
cept, slope, and quadratic components within the model. The best-fitting parallel growth
model was evaluated using model fit indices recommended by Kline (2015) including:
(1) the overall Xz’ (2) the comparative fit index (CFI; >0.90), (3) the Tucker—-Lewis index
(TLI; > 0.90), (4) the root mean square error of approximation (RMSEA;<0.08), and (5)
the standardized root mean squared residual (SRMR; <0.08). Significant variances (inter-
cept, slope, and quadratic) were observed in the mean trajectories (all p <0.006), thereby
justifying our aim of grouping trajectories into homogeneous classes. Second, we esti-
mated between 1 to 7 latent trajectories for T1 through T7 using latent class growth mod-
eling. The best fitting latent class growth trajectories were evaluated using steps outlined
in Infurna and Grimm (2018) including: (1) Bayesian information criteria (BIC; a lower
value indicating a better-fitting model), (2) the entropy (a higher value indicating a better-
fitting model), (3) the Lo et al. (2001) likelihood ratio test (LMR-LRT; a significant test
indicating a better fit compared to a similarly structured model with one fewer latent trajec-
tory class), and (4) latent class growth trajectory size, where each trajectory class should
include a minimum of 5% of the sample. Third, we tested the structure of our final model
to ensure it did not vary by sex by confirming the final model on each sex and validating
their adjustment indices. The above statistical analyses were conducted using Mplus ver-
sion 8.1 (Muthén & Muthén, 2017). We treated missing data with full information maxi-
mum likelihood (FIML) embedded within the software (Little & Rubin, 2019). Lastly, data
for latent class trajectory membership was transferred onto SPSS version 25 (IBM Corp,
2017). We used binary logistic regression to test for associations between latent class tra-
jectory membership and gambling outcomes, controlling for the effects of sex if the model
turns out to be sex invariant and weighing cases by probability of latent class membership.
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Results
Latent Class Growth Trajectories

We obtained a 5-class model for the best-fitting latent class growth trajectories of exter-
nalizing and internalizing behaviours (see Table 1 and Fig. 1). Class 1 (the co-occurring
trajectory class; 25.4%) is characterized by clinical levels of both externalizing and inter-
nalizing problems. For the co-occurring class, externalizing problems decrease over time
and internalizing levels follow a quadratic shape, with increases seen in late childhood
and decreases seen in adolescence. Class 2 (the externalizing trajectory class; 19.8%) is
characterized by clinical levels of externalizing problems and at-risk levels of internal-
izing problems. The externalizing class follows a similar trend to the co-occurring class,
with externalizing problems slightly decreasing over time (but remaining in the clinical
range) and internalizing problems increasing until late childhood, only to decrease again in
adolescence. Class 3 (the internalizing trajectory class; 18.8%) is characterized by at-risk
levels of internalizing problems and non-clinical levels of externalizing problems. For the
internalizing class, levels of internalizing problems remain stable over time while levels
of externalizing problems follow a quadratic curve, decreasing until late childhood only
to increase again during adolescence. Class 4 (the at-risk externalizing trajectory class;
22.4%) is characterized by at-risk levels of externalizing problems and non-clinical levels
of internalizing problems. For the at-risk externalizing class, both externalizing and inter-
nalizing problems decrease over time, with externalizing problems falling in the non-clin-
ical range. Although externalizing problems appear to increase again in adolescence, they
remain in the non-clinical range. Lastly, class 5 (the non-clinical trajectory class; 13.6%)
is characterized by non-clinical levels of both externalizing and internalizing problems.
Although both follow a quadratic curve with decreases observed in late childhood and
increases observed in adolescence, both externalizing and internalizing problems remain in
the non-clinical range. The validity of the structure of our latent class trajectory model was
evaluated based on sex, and the fit indices suggest that our model is invariant by sex and is
applicable to both boys (entropy =0.873) and girls (entropy =0.872).

Associations with Gambling Participation
At T8, 31 (4.7%; 20 boys, 11 girls) participants reported gambling participation in the past

12 months. This is similar to the rate of habitual adolescent gambling (3.2%) observed in
Quebec (Traoré et al., 2015). Chi-square analyses were initially run to evaluate differences

Table 1 Fit indices for latent class growth trajectories

BIC Entropy LMR-LRT #in classes
2classes  66,968.770  0.925 p>0.001 422 322
3classes  66,265.806 0.884 p=0.015 215 277 252
4 classes  65,713.249 0.874 p=0.010 201 230 156 157
Sclasses 65,314.482 0.868 p=0.017 189 147 140 167 101
6 classes  65,140.683  0.855 p=0.581 93 121 121 153 152 104
7 classes  64,989.503  0.851 p=0.356 142 50 136 99 91 115 111
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Co-occurring latent class trajectory (n=189) Externalizing latent class trajectory (n=147)

4

Internalizing latent class trajectory (n=101) At-risk externalizing latent class trajectory (n=167)

==@==[ntcrnalizing problems =8 =Externalizing behaviours
* non-clinical range = 0 — 64; at-risk range = 65 — 69; clinical range = 70+

Fig. 1 Mental health latent class growth trajectories

in counts of gambling participation amongst latent class trajectories. Participants in the
externalizing trajectory class were significantly more likely to endorse past-year gambling
participation compared to all other latent trajectory classes, X*(4)=13.48, p=0.009. Only
one participant classified in the internalizing trajectory endorsed past-year gambling par-
ticipation. Given requirements for a gambling participation count greater than its expected
value (McHugh, 2013), the internalizing trajectory class was excluded from logistic regres-
sion analysis. A logistic regression was then performed to examine the effects of latent
class trajectory membership on past-year gambling participation whilst controlling for the
effects of sex and weighing cases by probability of latent class growth trajectory member-
ship (see Table 2). The logistic regression model was statistically significant, X2(4) =10.06,
p=0.039, and the model explained 5.6% (Nagelkrerke R?) of the variance in past-year
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gambling participation. Sex and most latent class trajectories were not significantly asso-
ciated with our gambling outcome. However, participants in the externalizing latent class
trajectory were significantly more likely to report past-year gambling participation when
compared to those in the co-occurring latent class trajectory (OR 3.99, 95% CI [1.32,
12.07]).

Discussion

This study aimed to identify whether developmental mental health trajectories were asso-
ciated with gambling participation in adolescents. The mental health trajectories identi-
fied in our study seem to replicate two of the pathways found in the original Pathways
Model (Blaszczynski & Nower, 2002), notably the emotionally vulnerable and antisocial/
impulsivity pathways respectively. Our model also appears to replicate the externalizing,
internalizing, and combined pathways identified in the adolescent substance use literature
(Fergusson et al., 2005; Hussong et al., 2011; Khantzian, 1997; Maslowsky et al., 2014;
Mason et al., 2008; Zucker et al., 2011). However, our model builds upon both theoreti-
cal models by capturing co-occurrence as well as including an at-risk externalizing trajec-
tory and a non-clinical trajectory. The former trajectory appears to resemble moderate- and
high-desister groups previously identified in the literature (Fanti & Henrich, 2010) given a
decrease to non-clinical levels of externalizing problems over time, while the latter trajec-
tory can be explained by our sample which includes participants without reported external-
izing problems in childhood. Furthermore, the structure of our latent class trajectory model
was sex invariant, meaning that it appears valid for both girls and boys.

Trajectories and Gambling

Our results appear to support the externalizing (or antisocial/impulsive) pathway to
gambling behaviours in adolescence. Indeed, individuals who belonged in the external-
izing trajectory class were significantly more likely to report having engaged in gam-
bling behaviours over the past year when compared to individuals who belonged to the
co-occurring trajectory class. This result appears to contradict the hypothesis that the
co-occurrence of both externalizing and internalizing problems increase one’s risk of
future negative outcomes (Lewinsohn et al., 1995). Although some evidence appears to
support the co-occurring effect of externalizing and internalizing problems on future

model of adolescen gambling N _OR  sma v
participation Sex
Male 306 Reference Reference Reference
Female 263  0.60 [0.27,1.35] 0.217
Trajectory class
Co-occurring 162 Reference Reference Reference
Externalizing 136 3.99 [1.32,12.07] 0.014
At-risk externalizing 143 1.06 [0.27,4.12] 0.930
Non-clinical 128 1.71 [0.48,6.04]  0.405
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adolescent gambling behaviours (Richard et al., 2020), many of these studies are cross-
sectional in nature, and the one longitudinal study that has modeled the effects of the
externalizing and internalizing pathways on future adolescent gambling found an effect
for the externalizing trajectory in the absence of an effect for the combined trajectory
(Richard et al., 2022). Given that we had to exclude the internalizing (or emotion-
ally vulnerable) trajectory from our regression analyses, we were unable to examine
the effect of a pure internalizing trajectory on future gambling participation in ado-
lescence. However, previous work from our research team suggests that higher inter-
nalizing scores in childhood decreases one’s risk of engaging in adolescent gambling
behaviours (Richard et al., 2022).

The adolescent substance use and broader addictive behaviours literature may help
inform the above results. Indeed, the presence of externalizing problems throughout
development appears to be a robust predictor of adolescent engagement in addictive
behaviours (Hussong et al., 2017; Richard et al., 2020). As theorized in the external-
izing pathway (Fergusson et al., 2005; Zucker et al., 2011), this is often explained
by associations between externalizing problems and sensation-seeking, antisociality,
delinquency, impulsivity, and behavioural disinhibition. Meanwhile, evidence for the
predictive effects of the internalizing pathway on future addictive behaviors appears to
be inconsistent—at least for the developmental period of adolescence. Indeed, much of
the evidence supporting an internalizing pathway to future addictive behaviours meas-
ures internalizing symptoms in later adolescence (Dussault et al., 2011; Hussong et al.,
2017), which has led some to argue that the internalizing pathway to addictive behav-
iours only begins to exert influence in later developmental years (Colder et al., 2010;
Hussong et al., 2011, 2017). Additionally, the internalizing pathway considers both
depression and anxiety symptoms, and some evidence appears to suggest that specific
symptomatology may exert differential influence on the development of future addic-
tive behaviours (Hussong et al., 2017). Indeed, depression symptoms seem to increase
one’s risk of future engagement in adolescent addictive behaviours while anxiety
symptoms appear to decrease this risk.

Evidence for the role of a co-occurring pathway in the prediction of adolescent
addictive behaviours remains inconclusive. Although some suggest that the presence
of co-occurring externalizing and internalizing problems increases one’s future risk
of engagement in addictive behaviours (Allami et al., 2017, 2018; Maslowsky et al.,
2014), others have also found that it either decreases one’s risk (Mason et al., 2008)
or exerts no significant influence in adolescence (Hussong et al., 2017; Richard et al.,
2022). Some have theorized that this may be explained by specific internalizing symp-
tomatology (e.g., social withdrawal) leading to a decreased likelihood of engaging with
delinquent peers or a fear of experiencing the negative consequences associated with
addictive behaviours (Colder et al., 2013; Hussong et al., 2017; Mason et al., 2008;
Richard et al., 2022). Given our result that the externalizing trajectory predicts future
gambling behaviours in adolescence when compared to the co-occurring trajectory, it
appears that some of these mechanisms may be at play. Indeed, it may be that the pres-
ence of internalizing problems alongside co-occurring externalizing behaviours pre-
vents the latter from exerting their influence on the development of adolescent gam-
bling behaviours. Future research should aim to better understand this phenomenon,
specifically by modeling groups of trajectories for specific internalizing symptoms
(e.g., depression and anxiety) alongside externalizing problems.
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Strengths and Limitations

To our knowledge, our study is the first to model latent classes of externalizing and inter-
nalizing trajectories in the prediction of future adolescent gambling behaviours. Our sam-
ple included a greater proportion of girls which allowed for an examination of sex dif-
ferences, ultimately helping in informing the adolescent gambling literature that heavily
skews towards male samples. Our sample also includes a clinical group of participants
having been identified with conduct problems in childhood. This helps build upon similar
studies that used mostly community samples while helping us better understand co-occur-
ring profiles within clinical populations. Lastly, we observed a high retention rate (86.9%)
across all our measurement time points.

These strengths should be considered alongside some limitations, including the low rate
of gambling participation reported by participants. Although our rate of gambling partici-
pation resembles rates of habitual gambling practices amongst teenagers in Quebec (Traoré
et al., 2015), it remains significantly lower than rates observed elsewhere (Brezing et al.,
2010; King et al., 2020; Molinaro et al., 2018). Given this low rate of participation, it was
not possible for us to consider youth problem gambling as an outcome as very few individ-
uals reported any significant gambling-related problems. It is therefore important to note
that this study remains exploratory in nature, and replication studies with greater sample
sizes and associated greater statistical power are needed to support claims of an externaliz-
ing mental health trajectory as a risk factor for adolescent gambling behaviours, especially
when compared to a co-occurring trajectory. Additionally, although our design is longitu-
dinal, we cannot make any causal statements since our study remains correlation in nature.

Conclusion

Our study suggests that the presence of stable and high externalizing problems from
childhood to mid-adolescence increases one’s risk of engaging in gambling behaviours
in adolescence. Notably, this result emerged when we compared the externalizing trajec-
tory to the co-occurring externalizing and internalizing trajectory. In other words, stable
high externalizing problems appear to be a robust predictor of future adolescent gambling
behaviours, a finding that is in line with previous research. In conclusion, given the harms
associated with early gambling initiation, early assessment and identification of external-
izing problems remains necessary for effective prevention and intervention.
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