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Abstract
This study investigated adolescents’ single and co-occurring developmental patterns of 
gambling participation and substance use and their association with gambling and sub-
stance use-related issues at age 17, controlling for confounders. Multiple assessments 
from age 12 to 17 were conducted in a population-based cohort (N=1594, 51.2% boys). 
Latent growth modeling was used to analyze developmental patterns and Generalized lin-
ear models to examine their association with age-17 gambling and substance use-related 
problems, types and variety of activities, and substance abuse. Results revealed six devel-
opmental patterns, including Low- or Non-substance Users or Gamblers (24.2% sample), 
two trajectory-classes of Later-Onset Increasing (to a moderate level) substance users, 
either with or without gambling participation (7.8% and 45.5%, respectively), two trajec-
tory-classes of Early-Onset Increasing (to a higher level) substance users, either with or 
without gambling participation (6.2% and 12.7%, respectively), and a smaller trajectory-
class of Slow-Increasing Substance Users and Early-Onset Gamblers, declining to non-
gambling after age 13 (3.6%). Gambling participation and substance use did not appear 
to influence each other with regard to their onset and course throughout adolescence, and 
to age-17 types and variety of gambling activities or substances used, problems related to 
gambling participation or substance use, or substance abuse. These findings are consistent 
with the addictive syndrome model and with both common and individualized approaches 
to prevention and treatment for adolescent gamblers or substance users.

Keywords  Gambling · Substance use · Developmental patterns · Trajectories · 
Adolescence · Latent classes

Introduction

With the publication of the fifth edition of the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5; APA, 2013), gambling disorder has been recategorized into the “Sub-
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stance-related and Addictive Disorders” section. This change followed cumulating reports 
showing the association between gambling and substance use in clinical and community 
samples (Barnes et al., 2009; 2011; Grant & Chamberlain, 2020; Kessler et al., 2008; Petry, 
Stinson, & Grant, 2005). It was also motivated by the discovery of the considerable simi-
larity between gambling and substance use disorders in regard to diagnostic criteria (e.g., 
tolerance, loss of control, withdrawal; Rash, Weinstock, & Van Patten, 2016; Wareham & 
Potenza, 2010), genetic underpinnings (Slutske et al., 2013; Vitaro et al., 2014; 2019; Xian 
et al., 2014), neurobiological vulnerabilities (Potenza, 2008; 2017), and co-occurrent prob-
lems (e.g., impaired social relations or school/work performance, psychological or economic 
difficulties, delinquency; Allami et al., 2018; Lorains et al., 2011; Loo, Kraus & Potenza, 
2019; Petry et al., 2005, Wanner et al., 2009). Gambling participation and substance use in 
adolescence, both precursors of corresponding adult behaviors and their related problems 
(Carbonneau et al., 2015a; 2015b; Moss, Chen & Yi, 2014; Winters & Stinchfield, 2012), 
have also been shown to be associated (Barnes et al., 2011; Peters et al., 2015; Wanner et 
al., 2006).

Conceptually, these reports are consistent with the syndrome model of addiction (Shaffer 
et al., 2004). This model posits that shared neurobiological, psychological and social risk 
factors influence the development and maintenance of different manifestations of addiction. 
According to this model, gambling and substance use disorders are thus both the expression 
of the same underlying syndrome. From a developmental standpoint, understanding the 
association between gambling and substance use disorders requires a longitudinal perspec-
tive and knowledge of the different patterns of gambling participation and substance use, 
starting from their early manifestations and co-occurence (Cicchetti & Rogosh, 2018).

Studies that examined the longitudinal association between the two behaviors have 
shown mixed results. In adults, most studies investigating the link between previous sub-
stance use and later gambling participation or related problems reported either a positive 
association (Afifi & al., 2016; Dowling, Aarsman & Merkouris, 2021; Edgerton et al., 2015; 
Jun et al., 2021), no relation (Dowling et al., 2019), or a negative link where substance use 
level was associated with subsequent lowered gambling activity (Black et al., 2021). Of the 
two studies examining the link between earlier gambling participation and later substance 
use, one reported a positive association (Afifi & al., 2016) and the other no association 
(Dowling et al., 2019). Similarly ambiguous results have been found in studies examining 
the link between adolescent substance use and adult gambling participation, which have 
either shown a positive association (Merkouris et al., 2021; Vitaro et al., 2019; Werner et 
al., 2020) or no association (Wanner et al., 2009). Studies that examined how adolescent 
gambling related to adult substance use also reported either a positive (Werner et al., 2020) 
or no association (Vitaro et al., 2019). Finally, only one study, to our knowledge, examined 
possible transactional links between the two behaviors in boys, from age 16 to 17 (Vitaro et 
al., 2001). Results showed that substance use predicted an increase in gambling participa-
tion, but no association between earlier gambling and later substance use was found.

The mixed nature of the above findings precludes a definite conclusion. However, the 
reported studies were based on two times of assessment only, which limits the possibility 
of capturing developmental processes. To our knowledge, two studies used multiple assess-
ment times to investigate the joint development of substance use and gambling participation. 
Mutti-Packer and colleagues (2017) used parallel-process latent growth curves to examine 
the temporal associations between alcohol misuse and problem gambling from adolescence 
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to young adulthood. Their results first showed that baseline levels of both behaviors were 
associated, as were higher baseline levels of alcohol misuse and a steeper decline in problem 
gambling over time. However, these associations were no longer significant after including 
covariates (sex, household income, and other substances used) in the model. Therefore, the 
authors concluded that one behavior was not a risk factor for the other. Of note, the authors 
reported significant variability in baseline levels (for alcohol) and growth over time, sug-
gesting heterogeneity within the sample. In the second study, Wanner and colleagues (2006) 
compared the latent trajectory-classes of gambling participation in low SES boys and trajec-
tory-classes of alcohol and marijuana consumption based on annual measurements from age 
11 to 16. Their results showed that the majority of adolescent-users and gamblers followed a 
similar trajectory for both behaviors. Indeed, 52.8% of early-onset gamblers also showed an 
early-onset of substance use, compared to 31.9% of late-onset gamblers. Similarly, 57.5% 
of late-onset gamblers also showed a late-onset for substance use compared to 36.4% of 
their early-onset gambler peers.

Thus, overall, there is some evidence of a temporal association between gambling par-
ticipation and substance use. However, this relation is not always found, and the bidirection-
ality of this association has received less support than a unidirectional association linking 
earlier substance use to later gambling participation. There is also some evidence for a 
parallel process between the two behaviors. However, most of the extant studies are limited 
to two assessment times and by the use of mostly adult measures. Indeed, only Wanner and 
colleagues (2006) included multiple assessment points from age 11 through age 16. How-
ever, they used a single binary item for both gamling (i.e., gambled or not) and substance 
use (i.e., used or not), which limited the assessment of co-variation. The authors also exam-
ined jointly the two types of behaviors using the separate estimations of their respective 
trajectory-classes rather than estimating their joint course within the same analysis. The at-
risk nature of the sample of urban low SES boys further limited the generalization of results. 
Thus, despite the importance of this period for the onset of both addictive behaviors, the 
development of gambling participation and substance use and their co-occurrence in pre- to 
late adolescence remains unclear.

Furthermore, it is unknown whether this co-occurrence is linked to a higher likelihood 
for adolescents to experience problems related to gambling or substance use. If both behav-
iors stem from the same underlying syndrome and develop in parallel (Mutti-Packer et al., 
2017), adolescents involved in both types of behaviors should not experience more prob-
lems than youth involved in only one type. However, if the two types of behavior combine 
either additively, interactively or transactionnally, individuals showing both gambling par-
ticipation and substance use could experience more problems related to each behavior than 
their peers who solely gamble or use substances at a comparable level. Similarly, there is 
no evidence of how the characteristics (e.g., frequency, variety, and types) of gambling 
participation or substance use may be linked to their co-occurrence in adolescence, despite 
evidence of the importance of these characteristics for the severity of each addictive behav-
ior and their related problems in adolescents (Felton et al., 2015; Welte et al., 2009) and 
adults (Carbonneau et al., 2015a; Lynne-Landsman, Bradshaw & Ialongo, 2010; Moss et al., 
2014; Williams et al., 2021). If gambling participation and substance use mutually influence 
or exacerbate each other, then the characteristics of each behavior may contribute to their 
co-occurrence in adolescents.
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The Present Study

The present study aimed to fill the above gaps by examining the course of gambling partici-
pation and substance use across the ages of 12, 13, 15 and 17, in a population birth cohort. 
Specifically, using a method integrating variable- and person- centered approaches, the tra-
jectories of gambling participation and substance use (i.e., their single or co-occurrence 
over time) were investigated. This method is especially suitable to determine longitudinal 
patterns of gambling participation or substance use as well as their related characteristics 
(Carbonneau et al., 2021; 2015b; Feldman et al., 2009). In particular, in the presence of 
heterogeneity within a sample, the method allows testing whether a model including latent 
classes of individuals provides a better fit to the longitudinal data than an initial (one-class) 
model based on growth curve parameters for the whole sample (Kandauda et al., 2016). 
This particularity is important given evidence that both adolescent and adult gamblers are 
heterogeneous groups with regard to the development of gambling behavior and substance 
use, and with regard to their related problems (Black et al., 2021; Gupta et al. 2013; Kurilla, 
2021; Martínez‑Loredo et al., 2019; Nower et al. 2013).

Second, trajectories of gambling participation and substance use were examined in asso-
ciation with gambling and substance use variety, types of activities or substances used, and 
related problems (e.g., social and functional difficulties; Allami et al., 2018; Derevensky, 
2015; Loo et al., 2019; Lorains et al., 2011). Given their well-established association with 
both gambling (Goudriaan et al., 2009) and substance use (Swendsen et al., 2009), par-
ticipants’ sex, family adversity and SES were used as control variables. Based on evidence 
from previous studies of adolescents and young adults, we expected: (1) trajectories of 
low gamblers and low substance users, trajectories of increasing or frequent gamblers or 
substance users, and a trajectory of increasing or frequent co-occuring behaviors; (2) a simi-
lar temporal pattern as that observed in adults for distinct trajectory-classes, where earlier 
gambling precedes subsequent substance use, or vice-versa; (3) associations between higher 
trajectories of each behavior, on the one hand, and on the other hand, their respective vari-
ety, types of activities or substances used, and related problems at age 17; (4) a link between 
co-occurrence of both behaviors and the variety of activities or likelihood of experiencing 
related problems; and finally, (5) a higher prevalence of males in trajectory-classes reflect-
ing a higher level of activity or co-occurrent gambling participation and substance use.

Methods

Participants

Participants came from a birth cohort of 2226 infants (92% White of European ancestry, 
51.2% boys) representative of the children born (single births) in the province of Quebec, 
Canada, in 1997–1998 (see Orri et al., 2021, for additional details). All mothers giving birth 
after 24 weeks’ and not later than 42 weeks’ gestation who spoke English or French (Can-
ada’s official languages) were eligible.The study design was reviewed and ethical approval 
of all aspects of the study was provided by the Quebec Institute of Statistics Institutional 
Review Board. Children were assessed with their family for the first time 5 months after 
birth.
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Trajectories of gambling participation and substance use were based on adolescent 
self-reports at ages 12, 13, 15, and 17 years. The growth-mixture method used (Muthen & 
Muthen, 1998–2017) accommodates missing data, as participants with incomplete assess-
ments across repeated measures can be included and all available values are used for the 
trajectory estimation. The sample with at least some valid gambling and substance use data 
(N=1594) was compared to the children for whom no data was available during the times of 
interest (N=632; 28.4% cohort) with respect to age 5 months socio-demographic variables: 
maternal age at birth of first child, paternal age at birth of target child, parental education, 
family income and status (i.e., intact or not), child gender and number of siblings. Small 
(Cohen, 1988; Sawilowsky, 2009) but significant differences were observed, with lower 
maternal (Cohen’s h=0.11) and paternal (h=0.13) education, lower family income (Cohen’s 
d=0.21), and more boys (h=0.20) in lost participants. To compensate for differential attri-
tion, inverse probability weighting was applied in the trajectory analyses (Thompson & 
Arah, 2014). Specifically, using a logistic regression model, the probability was estimated 
that a participant would have valid data on addictive behaviors between 12 and 17 years 
based on the variables showing baseline differences between participants and lost subjects. 
The observations used in the study were then weighted by the inverse of the estimated prob-
ability. Analyses that are weighted for the inverse probability of attrition have been shown to 
reduce bias resulting from differential attrition in longitudinal studies (Thompson & Arah, 
2014).

The characteristics examined in relation to gambling participation or substance use in 
the present study were measured at age 17 years and were available for 1253 (78.6%) par-
ticipants. The same procedure as above was used to compare adolescents with and with-
out age-17 data among those with valid trajectory data. Small but significant differences 
were observed, with younger motherhood (d=0.15), lower maternal (h=0.31) and pater-
nal (h=0.24) education, lower family income (d=0.34), more boys (h=0.25), and a higher 
likelihood of parental separation (h=0.15) in lost participants. To compensate for differen-
tial attrition, inverse probability weighting was applied in the analyses involving age 17 
characteristics.

Measures

Gambling participation. Participation in gambling activities was assessed at ages 12, 13 15 
and 17 years with the South Oaks Gambling Screen for adolescents (SOGS-RA; Winters, 
Stinchfield & Fulkerson, 1993). Participants indicated how often they had engaged in 12 
gambling activities over the past 12 months (e.g., purchased lottery tickets, played online 

Table 1  Distribution and reliability statistics of gambling participation and substance use
Gambling participation Substance use

Age 12 13 15 17 12 13 15 17
Mean 0.24 0.32 0.35 0.35 0.13 0.49 2.13 3.54
SD 0.90 1.11 1.11 1.08 0.53 1.28 2.45 2.78
Skewness 4.51 3.92 3.68 3.78 5.50 4.00 1.40 0.74
Kurtosis 21.60 15.18 13.45 14.72 38.41 20.32 1.61 −0.21
Ordinal α 0.65 0.76 0.85 0.94 0.65 0.78 0.75 0.71
N=1594.
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sports betting games, bought scratch offs, played bingo for money, bet on games on the 
internet, played video lottery terminal games, played cards or games with others for money, 
bet on sporting events/games for money, gambled at a casino, bet on games of skill (pool, 
basketball), played dice games for money, and bet on other games). Participants rated the 
frequency of each activity on a scale ranging from 0 (never) to 6 (daily). At each time point, 
item scores were summed (average α: 0.80). Distribution and reliability statistics for gam-
bling participation at each assessment time are shown in Table 1.

Substance use. Frequency of substance use over the past year of alcohol, marijuana and 
other illicit drugs was assessed using adolescents’ annual self-reports at ages 12, 13, 15, and 
17 years. The following three items from the Personal Experience Screening Questionnaire 
(Henly & Winters, 1989; Winters et al., 1990) were used: “In the last 12 months: How many 
times did you use alcohol? How many times did you use marijuana? How many times did 
you use other illicit drugs like cocaine, stimulants, speed, amphetamine, tranquilizers, inhal-
ants, heroin, opiates, hallucinogens, psychedelics, or other narcotics or hard drugs?” Each 
item was coded on a scale ranging from 0 (never) to 6 (daily). Substance use was computed 
by summing the three item scores (average α: 0.72). Distribution and reliability statistics for 
substance use at each assessment time are shown in Table 1.

Problems related to gambling at age 17 were assessed with the SOGS-RA in reference to 
the last 12 months, based on the following 12 items: “Try to win back money you have lost, 
claim to be winning money gambling but were not, feel you have a problem with gambling, 
gamble more than you intended to, have been criticized for your betting or told you had a 
problem, feel guilty about the way you gamble, feel like you would like to stop gambling 
but do not think that you could, hide signs of betting or gambling from people in your life, 
have money arguments centered on your gambling, have borrowed from someone and not 
paid them back as a result of your gambling, have lost time from work or school due to 
gambling, have borrowed money to gamble or to pay gambling debts”. Coded yes or no (1, 
0), the items were summed up, resulting in a 12-point scale of gambling-related problems 
(Ordinal α: 0.81). Based on the SOGS-RA score sheet, a score of 1 or 2 indicates some prob-
lems with gambling, and a score of 3 or more suggests probable problem gambling (Winters 
et al., 1993). Using these criteria, 1.6% of participants at age 17 could be classified as hav-
ing some problems related to gambling and 0.6% as probable problem gamblers. Because 
of the small number of participants reporting gambling-related problems, both categories 
were collapsed to represent problem gambling (i.e. gamblers with one or more problems).

Problems related to substance use at age 17 were based on the following items reported 
by participants as related to their use: psychological difficulties, harmed family relation-
ships, harmed friendships or romantic relationships, school problems, committing an act of 
delinquency, feeling that the same amounts have less effect, and consulting regarding own 
substance use. Each item referred to the last 12 months and was coded yes-no (0,1). Sum-
ming all items resulted in a 0 to 7-point scale (Ordinal α: 0.83).

Variety of gambling activities at age 17 was calculated by summing the different types of 
gambling activities a participant had engaged in over the past 12 months, based on the activ-
ities listed above in regard to gambling participation, resulting in a 12-point scale (Ordinal 
α: 0.81). Similarly, the Variety of substances used was calculated by summing the different 
types of substances a participant had used over the past 12 months, resulting in an 7-point 
scale (Ordinal α: 0.70). Finally, to obtain an indicator of substance abuse, the participants 
were asked how many times they had 5 drinks or more on the same occasion over the past 
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year. Sample descriptives with regard to the characteristics (i.e., problems and variety) of 
gambling participation and substance use at age 17 are shown in Table 4.

Control variables. Participant’s sex, family adversity and SES when participants were 12 
years old were used as control variables.Family adversity was based on maternal age at the 
birth of her first child, maternal and paternal age at the birth of the target child, number of 
siblings, and family structure (coded as “intact: living with both biological parents” or “non-
intact: not living with both biological parents”). Using these baseline socio-demographic 
indices (Table 2), a value at or below the sample’s 30th percentile for age variables, above 
the 70th percentile for number of siblings, or a positive code for non-intact family, was 
coded as one adversity point. The resulting indicators were averaged to obtain a parental 
adversity index ranging from 0 to 1. Household SES was based on parents’ occupational 
prestige score, education level, and income (Statistics Canada, 1995).

Data Analysis

Latent Class Growth Mixture Modeling (LCGMM) in Mplus/version-8.6 (Muthen & 
Muthen, 1998–2017), which integrates variable- and person-centered analyses, was first 
used to investigate—separately—adolescents’ course of gambling participation and sub-
stance use. This method is based on the estimation of participants’ individual growth curves 
(i.e., individuals’ level and growth in behavior over time). Variability across individuals is 
estimated as the variance of the latent intercept and slope. In the presence of significant het-
erogeneity within the sample, LCGMM allows to test whether a better fit would be obtained 
with the estimation of distinct latent classes of individuals showing similar level and growth 
across time (i.e., with different intercept or slopes between classes). The LCGMM proce-
dure employs full information maximum likelihood estimation to handle missing data and 
was conducted in accordance with the recommended guidelines (Kandauda et al., 2016; 
Van de Schoot et al., 2017). Model-fit was determined by (Table 3): (1) Information criteria 
statistics; (2) Likelihood Ratio Test (LRT) and adjusted-LRT, given the use of weight for 
selective attrition, to identify the optimal number of classes; and (3) two indicators of clas-
sification: Entropy, which indexes class separation, and the Average Probabilities of Assign-
ment (APA) of individuals in trajectory-classes (satisfactory when ≥ 0.70) (Nagin, 2005). 
Additionally, we considered whether enough participants were present in each trajectory-
class to perform later joint-trajectory analysis and joint trajectory-class comparison with 
adequate statistical power.

As expected, data on gambling participation and substance use were highly skewed 
(Table 1), with a large proportion of individuals in the non/low-user category. Consider-
ing this distribution and the ordinal nature of the measures, we used the ordered logit-link 
model as recommended for modeling longitudinal trajectories with such data (Feldman et 
al., 2009). Growth parameter estimates of the best fitting models for gambling participa-
tion and substance use were used as basis for the joint-trajectory procedure. Joint-trajec-
tory modeling estimates joint and conditional probabilities across the combination of each 
behavior’s trajectories and describes their co-occurrence throughout adolescence. A similar 
model testing procedure as for single-behavior analysis is used for assessing model-fit and 
individuals’ assignment to joint trajectory-classes. To account for uncertainty in the classifi-
cation to trajectory-classes, probabilities of assignment (i.e., individual variation) were used 
as sampling weights in further analyses (Clark & Muthen, 2009; Nagin, 2005).
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Next, adolescent joint-trajectories of gambling participation and substance use were 
compared on gambling and substance use-related characteristics, controlling for confound-
ers. First, consistent with previous trajectory-studies of adolescent gambling and substance 
use, the lowest (i.e., non- or low- gamblers and users among the sample throughout the 
adolescence period) were used as reference class, which was successively compared to each 
of the other user-classes. Second, the gamblers’ and substance users’ classes were com-
pared with each other. Generalized Linear Models (hereafter: GLM) were used to compare 
trajectory-classes on age-17 characteristics. GLM provide a unified approach for all types 
of response variables, including Normal, Poisson, and Binomial distributions (Hardin & 
Hilbe, 2018), thus allowing a consistent method of analysis across outcome variables with 
different distributions. Holm-Bonferroni correction was used in the analyses to compensate 
for multiple comparisons.

Results

Model of Joint Gambling Participation and Substance use From Age 12 to 17

For both gambling participation and substance use, significant variance in intercept, linear 
and quadratic slopes, as well as covariance between these parameters suggested sample 
heterogeneity in regard to initial level and course of each behavior. This justifies extend-
ing analyses to test whether a better fit would be obtained with the estimation of latent 
classes of adolescents showing similar level and growth. One through four-class models 
were tested before obtaining the best-fitting model. The best solution in both cases was an 
ordered logit-link based, LCGA 3-class quadratic model, with a fixed variance-covariance 
matrix structure across classes. For gambling participation, the 3-class model had a better fit 
than a 2-class solution, whereas a 4-class model did not provide a significant improvement, 

Model fit indicators Model
5-class 6-class 7-class

AIC 20168.932 19974.841 19818.020
BIC 20367.770 20211.297 20092.094
SSA-BIC 20250.228 20071.518 19930.077
VLMR-LRT (p) 0.0047 0.0217 0.2680
LMR-ALRT (p) 0.0054 0.0238 0.2758
Class Size : % sample
N

7.9–49.0
126–782

3.6–45.5
58–725

3.8–45.3
61–722

Entropy 0.77 0.77 0.75
M-APA (range) 0.86 

(0.82–0.92)
0.87 
(0.83–0.91)

0.84 
(0.78–
0.90)

Akaike Information Criterion (AIC), Bayesian Information Criterion 
(BIC), Sample-Size Adjusted BIC (SSA-BIC).
Vuong-Lo-Mendell-Rubin Likelihood Ratio Test (VLMR-LRT) and 
Lo-Mendell-Rubin Adjusted Likelihood Ratio Test (LMR-ALRT) for 
k versus k-1 class models.
Mean-Average Probabilities of Assignment (M-APA) in most likely 
latent class membership.

Table 3  Results of model fitting 
analysis for joint trajectories 
of gambling participation and 
substance use age 12 - 17
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nor did alternative models based on a linear parameterization, Zip distribution, or relaxing 
equality constraints within (GMM) or between classes. For substance use, the 4-class solu-
tion showed better fit indices than the 3-class model and alternative models again did not 
provide a better fit. However, the 4-class solution implied an additional trajectory-class of 

Table 4  Association between trajectory-classes of gambling participation (GP) and substance use (SU) and 
GP & SU characteristics at age 17
Trajectory and 
control variables

Problems related 
to Gambling
(% 1 or more)c

Problems related
to Substance use
(% 1 or more)c

Variety of
gambling 
activities
Mean (SD)c

Variety of
substances 
used
Mean (SD)c

Frequency of 
5+ drinks on 
same occasion
Mean (SD)b

Sample 2.2 19.7 0.26 (0.97) 1.46 (1.36) 2.17 (2.01)
Trajectory-classes 
(X2 (df) p)

36.51 (5) 
<0.00001

207.86 (5) 
<0.00001

629.06 (5) 
<0.00001

656.49 (5) 
<0.00001

646.04 (5) 
<0.00001

(1) Low- or Non-
substance users or
gamblers (N=386)a

0.5 0.5 0.05 (0.27) 0.30 (0.48) 0.40 (0.92)

(2) Later-onset in-
creasing substance 
users
& Low- or Non-
gamblers (N=725)

0.14,6 16.1***
5−6 0.04 (0.20)4,6 1.44 

(0.91)***
5−6

2.43 
(1.89)***

5,6

(3) Slow-increas-
ing substance 
users &
Early-onset 
declining gamblers 
(N=58)

0.04,6 8.65−6 0.00 (0.00)4,6 1.10 
(0.82)***

5−6

2.12 
(2.07)***

5,6

(4) Later-onset in-
creasing substance 
users
& gamblers 
(N=125)

12.9***
2−3,5 16.0***

5−6 1.87 
(2.44)***

2−5,6

1.43 
(1.07)***

5−6

2.60 
(1.96)***

5−6

(5) Early-onset in-
creasing substance 
users
& Low- or Non-
gamblers (N=202)

0.04,6 60.9***
2−4 0.12 (0.38)4,6 3.12 

(1.45)***
2−4

3.82 
(1.63)***

2−4

(6) Early-onset in-
creasing substance 
users
& stable gamblers 
(N=98)

15.3***
2−3,5 49.0***

2−4 1.11 
(1.53)***

2−5

2.93 
(1.88)***

2−4

3.28 
(1.92)***

2−4

Sex (female; male) 0.4; 4.0** 18.9; 20.5 0.18 (0.93); 
0.34 (1.00)

1.48 (1.31); 
1.43 (1.40)

2.18 (1.97); 
2.16 (2.05)

Family adversity 
(X2 (df) p)

0.23 (1) 0.631 8.98 (1) 0.003 3.50 (1) 
0.061

10.93 (1) 
0.001

0.18 (1) 0.67

SES (X2 (df) p) 0.27 (1) 0.604 8.04 (1) 0.005 4.16 (1) 
0.041

1.54 (1) 0.215 12.54 (1) 
<0.001

Model fit (X2 (df) 
p)

107.38 (8) 
<0.00001

369.90 (8) 
<0.00001

561.03 (8) 
<0.00001

881.31 (8) 
<0.00001

550.96 (8) 
<0.00001

Significance level after Holm-Bonferroni correction. a: Reference class. Significant comparison with 
Reference class at: *p < 0.05 **p < 0.01 ***p < 0.001. Significant comparison between gambler/user class 
and corresponding class in subscript number, at: bp < 0.05; cp < 0.001.
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only 19 individuals, which essentially split one of the classes in the 3-class model based 
on a difference in scores for the first two of the five assessment times. Because this low 
number of members was not sufficient to include this class with adequate statistical power 
in the subsequent analyses, the 3-class model was selected. Of note, Entropy (0.76 vs. 0.78) 
and APA (0.87 vs. 0.84) were similar for the 3- and 4-class solutions. The estimated growth 
parameters of the above models were then used for joint-trajectory analysis of gambling 
participation and substance use (i.e., 3 × 3 classes). Results of the Vuong-Lo-Mendell-Rubin 
Likelihood Ratio Test (VLMR-LRT; p = 0.0926) and Lo-Mendell-Rubin Adjusted Likeli-
hood Ratio Test (LMR-ALRT; p = 0.0955) for 9 versus 8-class models, as well as for 8 ver-
sus 7-class models (VLMR-LRT; p = 0.0751; LMR-ALRT; p = 0.0777) and 7 versus 6-class 
models (VLMR-LRT; p = 0.2680; LMR-ALRT; p = 0.2758) indicated a non-significant 
improvement in fit between the respective models. However, the 6-class model showed a 
better fit than the 5-class model (VLMR-LRT; p = 0.0217; LMR-ALRT; p = 0.0238) and 
was selected for further analysis (Table 3). Of note, because model testing for joint-trajec-
tory analysis was conducted from the top down, comparisons between models with a lower 
number of classes (i.e., 5 vs. 4; 4 vs. 3; 3 vs. 2; 2 vs. 1) were also performed and were all 
significant (p < 0.01 for both VLMR-LRT and LMR-ALRT) confirming the 6-class model 
as the best-fitting model.

Developmental Patterns of Gambling Participation and Substance Use

The six trajectory-classes of the final model (Fig. 1) were as follows. The first class (1) 
included Low- or Non-substance users or gamblers across adolescence (N=386, 24.2% 
sample). Adolescents of the second class (2) showed a pattern of Later-onset increasing 
substance users & Low- or Non-gamblers (N=725, 45.5%), starting essentially after age 13. 
A third class (3) included Slow-increasing substance users & Early-onset declining gam-
blers (N=58, 3.6%). Members of this class already reported gambling activities at age 12, 
which increased to age 13, but had practically quit gambling by age 15 while maintaining 
a low increasing level of substance use. The fourth class (4) followed a trajectory of Later-
onset increasing substance users & gamblers (N=125, 7.8%) with a similar increase of both 
activities from age 13 onwards. The fifth class (5) showed a pattern of Early-onset increas-
ing substance users & Low- or Non-gamblers (N=202, 12.7%). Finally, the sixth class (6) 
included Early-onset increasing substance users & Stable gamblers (N=98, 6.2%) who 
maintained a moderate level of gambling from age 12 to 17 (n.b., across-time differences on 
gambling: Cohen’s d=0.12, p = 0.25 for age 12-13; d=0.08, p = 0.54 for 13-15; and d=0.27 
p = 0.09 for 15-17). Thus, overall, 18.8% of adolescents were part of joint trajectory-classes 
(i.e., 5 and 6) that involved an earlier onset of substance use and an increasing, more fre-
quent use than their peers across adolescence. Two trajectory-classes (i.e., 4 and 6), repre-
senting 13.9% of the sample, showed a significant level of gambling participation at ages 15 
and 17. Finally, boys were overrepresented in the Early-onset increasing substance users & 
Stable gamblers, and in the Later-onset increasing substance users trajectory-classes with 
or without gambling participation.
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Characteristics of Gambling Participation and Substance Use at Age 17

Results on the association between trajectory-classes of gambling participation and sub-
stance use and their respective variety and problems, and substance abuse at age 17 (con-
trolling for confounders) are shown in Table 4. Adolescents in the two trajectory-classes 
showing higher gambling participation at age 17 were more likely to report at least one 
gambling-related problem over the last year than youth in the reference class of Low- or 
Non-substance users or gamblers and any of the other trajectory-classes. However, mem-
bers of these two classes did not differ from each other in post-hoc analysis (p = 0.83). Of 
note, based on the SOGS-RA score sheet, 9.9% of gamblers at age 17 had some gambling-
related problems and 3.3% were probable problem gamblers. Later-onset increasing gam-
blers (class 4) and Stable gamblers (class 6) reported a higher variety of gambling activities 
in comparison to their peers in any of the other classes. Later-onset increasing gamblers 
also showed a higher gambling variety than Stable gamblers (p <0.001, Cohen’s d = 0.38). 
The top 3 favorite types of game played by Later-onset increasing gamblers were, respec-
tively, playing cards (M: 0.74; SD:1.40), scratch cards (0.73; 1.25), and betting on sports 
events (0.55; 1.38), whereas Stable gamblers’ favorites were scratch cards (0.50; 1.09), 
playing cards (0.47; 0.92), and playing dices (0.33; 0.79). Finally, Later-onset increasing 
and Stable gamblers differed significantly in regard to the frequency of playing on internet 
(M = 0.43 (1.35) & 0.05 (0.28), p<0.001; d = 0.47), betting on sports (M = 0.55 (1.38) & 

Fig. 1  Joint trajectory-classes of gambling participation and substance use from age 12 to 17 years (N=1594). 
Substance users (SU). 1: Percentage sample, Girls, Boys. *: Sex difference in comparison to the reference 
class at p < 0.05
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0.15 (0.57), p=0.007; d = 0.41) and buying lottery tickets (M = 0.33 (1.04) & 0.06 (0.34), 
p=0.016; d = 0.39).

Regarding age-17 indicators related to substance use, members of all trajectory-classes 
of users but the Slow-increasing substance users & Early-onset declining gamblers (pos-
sibly for lack of statistical power) were more likely to report at least one substance use-
related problem compared to their peers from the reference class. All trajectory-classes of 
users also showed, on average, a higher variety of substances used, and a higher frequency 
of abuse (i.e., having 5 drinks or more on the same occasion) in comparison to the reference 
class. Results of post-hoc analyses showed that the Early-onset increasing substance users 
with (class 6) or without (class 5) gambling participation did not differ on the above three 
indicators (p > 0.13). However, Early-onset increasing substance users & Stable gamblers 
were more likely to report substance use-related problems (p < 0.001, Cohen’s h = 0.73), 
and on average, used a greater variety of substances (p < 0.001, d = 1.02) and had a higher 
frequency of abuse episodes (p = 0.016, d = 0.35) than the Later-onset increasing substance 
users & gamblers (class 4). Later-onset increasing substance users with (class 4) or without 
(class 2) gambling participation showed similar results for the three substance use indicators 
at age 17 (Table 3). However, regarding the types of substances used, the former reported 
a higher use of other illicit drugs than the latter (p = 0.001, d = 0.24). As for Early-onset 
increasing substance users, low or non-gamblers (class 5) reported a higher marijuana use 
(p = 0.025, d = 0.27) than their Stable gamblers peers (class 6).

Discussion

The present study aimed to (a) identify developmental patterns of single and co-occurring 
gambling participation and substance use in a population-based cohort from age 12 to 17, 
and (b) examine their association with gambling and substance use-related issues by age 17, 
controlling for confounders. As expected, latent growth curve models revealed significant 
individual differences in initial level and growth throughout adolescence for both types of 
behaviors (Martínez‑Loredo et al., 2019; Mutti-Packer et al., 2017). The latent class models 
that followed resulted in six trajectory-classes describing the single or co-occurrent courses 
of gambling participation and substance use in the adolescent sample. Alongside a class of 
Low- or Non-substance users or gamblers, the four main trajectory-classes of adolescents 
consisted of either Later-onset increasing (to a moderate level) or Early-onset increasing (to 
a higher level) substance users, with or without gambling participation. While Later-onset 
gamblers showed an increasing course similar to their use of substances, their Early-onset 
peers were already gambling at age 12 (suggesting an even earlier onset) and maintained 
a similar level of gambling participation up to age 17. However, by age 17, Later-onset 
increasing users reached a level of gambling participation more than twice that of their 
early-onset peers. The smallest trajectory-class—including 58 participants with slow-
increasing substance use—had also started gambling by age 12 and showed a similar level 
to early onset-users and gamblers at age 13 before declining to essentially non-gambling 
thereafter. Consistent with prior reports (Buja et al., 2017), there was no trajectory-class of 
adolescents who gambled but did not use substances across the age 12 to 17 period. Also in 
line with previous research (Barnes et al., 2009), a substantial level of activity was observed 
earlier for gambling than for substance use. Finally, as expected, boys were overrepresented 
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in the Early-onset and Later-onset increasing substance users trajectory-classes that also 
included a higher level of gambling participation (e.g., Martínez‑Loredo et al., 2019).

Thus, overall, the trajectories of substance use were similar for gamblers and non-gam-
blers, which could suggest that the development of each addictive behavior does not depend 
on the development of the other during this age-period. These findings differ from those 
of prior studies that investigated the link between gambling and substance use across two 
assessment times (e.g., Afifi et al., 2016; Merkouris et al., 2021; Vitaro et al., 2001; 2019). 
However, the results are consistent with those of other reports using adults (Dowling et 
al., 2019), or investigating youths in their transition from adolescence to young adulthood 
(Mutti-Packer et al., 2017; Wanner et al., 2009), suggesting that one behavior is not a risk 
factor for the other. Notably, the present findings are also consistent with the two studies that 
used multiple assessment times and focussed partly or entirely on the adolescence period 
(Mutti-Packer et al., 2017; Wanner et al., 2006). While Wanner and colleagues reported 
similar trajectory patterns for gambling and substance use, Mutti-Packer and collaborators 
found no associations between the initial levels or slopes of the two behaviors after includ-
ing covariates.

The apparent similarities and discrepancies across studies (including the present one) 
may in fact be coherent with the syndrome model of addiction (Shaffer et al., 2004). Indeed, 
the two behaviors may be linked through a common genetic basis (Slutske et al., 2013; 
Vitaro et al., 2019) and risk factors (Lorains et al., 2011; Mutti-Packer et al., 2017; Vitaro 
et al., 2001), but without affecting each other, thus developing in parallel (Mutti-Packer et 
al., 2017). The emergence of gambling or substance use—or of both behaviors—as well as 
their respective onset may be due to the timing and level of individuals’ exposure to each of 
these objects of addiction. This exposure may provide different opportunities for the expres-
sion of the underlying syndrome (Shaffer et al., 2004). This may include the availability, 
accessibility, as well as a positive or tolerant attitude toward one activity or the other in a 
youth’s environment (Grant & Chamberlain, 2020). Hence, exposure can vary over time, 
which may lead to the substitution of one addictive behavior for another. For instance, a 
higher prevalence of gambling than substance use has been reported in early teens, possibly 
because some parents consider their children’s gambling as a harmless activity (Barnes 
et al., 2009). Moreover, playing cards or dice with peers may be more accessible or less 
worrying than using substances for these young adolescents. However, this activity may 
shift—at least partly—to substance use later in adolescence. This seems to be the case in the 
smallest trajectory-class of this study around mid-adolescence. It is also possible that the 
change in landscape in regard to the variety and appeal of gambling opportunities for older 
adolescents (or young adults) triggers new behaviors in individuals already prone to addic-
tive behaviors like substance use. Further research including valid measures of exposure 
over time are needed to clarify the role of exposure in the evolving expression of gambling 
participation and substance use in adolescence (Shaffer et al., 2004).

The two trajectory-classes with higher gambling participation showed some similarities 
and differences in regard to their association with gambling characteristics at age 17. As 
expected, adolescents of these two trajectory-classes reported a higher variety of gambling 
activities compared to those in the reference class or in other classes of users or gamblers. 
Similarly, adolescents in both trajectory-classes with higher gambling participation reported 
more gambling-related problems at age 17 than all the other trajectory-classes, but they did 
not differ from each other in this regard. Of note, controlling for trajectory-classes and other 
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confounders, boys were 10 times more likely to experience gambling-related problems, a 
finding consistently reported for adolescents (Derevensky, 2015; Vitaro et al., 2004). Since 
problem gambling in adolescence has been shown to increase the likelihood of experienc-
ing similar problems in adulthood (Carbonneau et al., 2015a, b), this further supports the 
idea that higher adolescent gamblers in this sample are at risk of problem gambling later on. 
However, the different level of substance use between the two classes of higher gamblers 
was not related to the likelihood of experiencing gambling-related problems, underlining 
the lack of interplay between the two behaviors.

Early- and later-onset gamblers did not differ for their preferred type of gambling activ-
ity, as both reported playing cards and scratch cards as top-2 favorites, consistent with 
previous reports (Martínez‑Loredo et al., 2019; Verdura-Vizcaíno et al., 2014). However, 
Later-onset increasing gamblers showed a higher variety of gambling activities than their 
stable gambler peers. This characteristic is important, as it was shown that maintaining a 
higher variety of gambling activities from adolescence to adulthood increases the risk of 
adult problem gambling, above and beyond the experience of gambling problems in ado-
lescence (Carbonneau et al., 2015a). Moreover, Later-onset increasing gamblers reported 
more gambling activity on the internet than Stable gamblers, a characteristic that has been 
shown to increase the likelihood of at-risk and problem gambling (Potenza et al., 2011). 
Thus, by age 17, Later-onset increasing gamblers may be the most at risk among higher 
gamblers with regard to later problem gambling.

As expected, members of all trajectory-classes of users reported overall a higher variety 
of substances used as well as a higher likelihood of substance abuse and of experiencing 
problems related to their use. Moreover, despite small differences in the level of use of 
one substance or another, early-onset higher users with or without gambling participation 
reported a higher variety of substances used and were more likely to report substance abuse 
and problems related to using substances than their respective later-onset user peers with 
or without gambling participation, which is consistent with previous reports (Carbonneau 
et al., 2021; Felton et al., 2015; Moss et al., 2014). Thus, adolescents in trajectory-classes 
with a similar longitudinal pattern of substance use did not differ with regard to substance 
use characteristics, irrespective of whether they were also gambling or not. Together, these 
results further support the hypothesis that these behaviors do not mutually influence or exac-
erbate each other, consistent with a general addictive syndrome (Shaffer et al., 2004; Vitaro 
et al., 2001; 2019; Werner et al., 2020).

In sum, the associations between joint-trajectories of gambling participation and sub-
stance use and their characteristics (i.e., variety, sub-types of activity, and related prob-
lems at age 17) remained essentially behavior-specific, as the course of each behavior did 
not seem to influence the other’s particularities. With regard to gambling participation, the 
results also suggest that a later onset followed by an increasing course warrants serious 
attention. Follow-up of the two trajectory-classes of higher gamblers should help determine 
to what extent the observations at 17 years of age foreshadow gambling problems or their 
severity in adulthood. The present findings support the relevance of considering the pat-
terns of gambling participation and substance use to assess adolescents’ risk with regard 
to addictive behaviors, as well as to implement preventive and therapeutic interventions 
(Derevensky, 2015; Vitaro et al., 2014; Volkow & Boyle, 2018). Indeed, while the results 
are consistent with an addictive syndrome model and thus with a common approach to inter-
vention, the additional problems experienced in relation to either gambling participation or 
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substance use also support the idea of a differential or individualized approach to prevention 
and treatment (Derevensky, 2015; Grant & Chamberlain, 2020; Vitaro et al., 2014; Werner 
et al., 2020).

Strengths and Limitations

A large population cohort and multiple assessments to estimate jointly adolescents’ lon-
gitudinal patterns of gambling participation and substance use are important strengths of 
the present study. Using an integrated variable- and person-centered method provided a 
valid account of adolescents’ developmental course in comparison to their peers. Examining 
the associations between trajectory-classes and gambling or substance use characteristics 
at age 17—within a multivariate framework controlling for confounders—strengthens the 
conclusions of this study. However, several limitations should be noted. First, adolescents’ 
gambling participation and substance use were based on self-reports, which may impli-
cate participants’ self-presentation concerns or recall bias. Unfortunately, there is no easily 
available alternative to assess large population-based samples, and self-reports remain the 
most widely used method for surveys in the general population (Barnes et al., 2009; 2011; 
Johnston et al., 2018). Second, it is important to underline the associative, rather than causal, 
nature of the results. This limitation is especially important considering that the characteris-
tics examined at age 17 were assessed concurrently to the last assessment of gambling par-
ticipation and substance use. Third, using one problem as threshold for problem gambling 
implies that most participants with a positive code reported subclinical levels of problem 
gambling. However, prior studies have highlighted the importance of considering lower, 
subclinical levels of problem gambling with regard to addictive behaviors and psychosocial 
adjustment (Buja et al., 2017; Carbonneau et al., 2015b). Fourth, the results of LCGMM 
have been criticized for not being easily replicated across studies (Petersen et al., 2019). 
Hence, we followed the recommendations for conducting analyses and reporting in latent 
trajectory studies, such as reporting on preliminary steps of analysis and on alternative mod-
els tested and using a range of indices and criteria when enumerating classes (Kandauda et 
al., 2016; Van de Schoot et al., 2017). Finally, the study was based on a population of mostly 
French-speaking adolescents and replications are needed to examine the generalizability of 
the results.

These limitations notwithstanding, the present study contributes to filling a gap in the 
extant literature, first by investigating developmental patterns of single and co-occurrent 
gambling participation and substance use based on multiple assessments from pre- to late 
adolescence, in a population-based cohort. Second, this study showed that these two behav-
iors do not appear to influence or exacerbate each other during adolescence, which is con-
sistent with an addictive syndrome perspective. In terms of clinical implications, the present 
results confirm the importance of considering both the frequency and the variety of activi-
ties for both gambling participation and substance use to assess adolescents’ level of risk 
(Carbonneau et al., 2015a; 2021). The findings also underline the importance of screening 
for both addictive behaviors and their related problems in individuals seeking help regard-
ing their gambling or substance use. Finally, the study supports both a common and specific 
approach to prevention and treatment with adolescent gamblers and substance users (Grant 
& Chamberlain, 2020; Vitaro et al., 2014).
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