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Reciprocal Longitudinal Associations Between
Adolescent Twin Gambling and Delinquency

Frank Vitaro • Amy C. Hartl • Brett Laursen • Mara Brendgen •

Ginette Dionne • Michel Boivin

� Springer Science+Business Media New York 2014

Abstract This study examined sibling influence over gambling involvement and delin-

quency in a sample of 628 twins (151 male dyads, 163 female dyads). Self-reports of

gambling involvement and delinquency were collected for each twin at ages 13, 14 and

15 years. Results revealed evidence of between-twin influence. Higher levels of an ado-

lescent’s delinquency predicted an increase in his or her co-twin’s delinquency from age 13

to age 14 and from age 14 to age 15. In contrast, gambling behavior was unaffected by the

co-twin’s gambling involvement. Within-twins, higher initial levels of delinquency pre-

dicted a subsequent increase in gambling behavior from age 13 to age 14 and again from

age 14 to age 15, and higher initial levels of gambling involvement predicted an increase in

delinquency from age 14 to age 15. Between and within siblings effects are discussed in

light of the scant literature on (a) sibling influence on gambling, and (b) the links between

gambling and delinquency.
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Introduction

Throughout adolescence, gambling and delinquency tend to co-occur, possibly because

they share common risk factors (Gupta and Derevensky 1998; Snyder 2001). For example,

risk factors inherent to the child (e.g., impulsivity) and risk factors related to the child’s

social environment (e.g., deviant peers) have been found to contribute, at least partially, to

the co-occurrence of gambling and delinquency in adolescence (Wanner et al. 2009). At

the family level, exposure to and endorsement of gambling and delinquent behavior by

caregivers has also been linked to the development of both gambling and delinquency

(Magoon et al. 2005). Siblings also play a role in this context, as sibling delinquency has

been found to predict an increase in delinquent behavior (e.g., Defoe et al. 2013; Slom-

kowski et al. 2001; Stormshak et al. 2004). However, little is known whether sibling

gambling can influence gambling behavior. This should be expected since adolescents

gamble with their siblings in much the same way that they gamble with their parents and

their friends (Gupta and Derevensky 1997). The goal of the present study was to examine

whether gambling in early adolescence can be fostered by the siblings’ gambling behavior

in the same way that delinquency can be fostered by the siblings’ delinquent behaviors.

Such knowledge would contribute to our understanding of the forces behind the etiology of

gambling, and delinquency, and suggest that reduction of gambling or delinquency through

an intervention could have spillover effects on other members of the family, i.e., siblings.

Sibling Effects on Gambling in Early Adolescence

As already mentioned, adolescents often gamble with family members, including siblings

(Gupta and Derevensky 1997), which may imply potential social learning processes within

the family context. Gambling resembles delinquency (Kendler et al. 2008), however, in that

both appear to be significantly influenced by genetic factors. Indeed, early adolescent

gambling may be more influenced by genetic factors than delinquency: genetic factors

explain approximately 40 % of delinquency (Harris 1995; Moffitt 2005; Rhee and Waldman

2002; Tuvblad and Baker 2011; Viding et al. 2008) compared to 50 % of gambling

involvement (Vitaro et al. 2014) and 70 % of gambling problems (Beaver et al. 2010).

Hence, genetic factors could, at least in part, explain the high level of sibling similarity on

these problem behaviors. A stringent test of sibling effects on adolescents’ gambling (and

delinquency) would be achieved with a design that controls for shared genetic influences

between siblings while employing longitudinal data linking sibling gambling (or delin-

quency) to an increase in adolescents’ own gambling (or delinquency) over time.

The present study employed a genetically informed design to examine the effects of one

sibling’s gambling behavior and delinquency on changes in the other sibling’s gambling

behavior and delinquency. Based on past studies, we would expect delinquency to predict

increases in delinquency (likely through modeling and approval of deviant behaviors;

Dishion et al. 1996). However, whether one sibling’s gambling behavior predicts an

increase in the other sibling’s gambling behavior remains to be seen, especially in light of

the rather strong genetic influences on gambling.

The proposed design also examines two types of cross-over effects. The first type refers

to the effect from one sibling’s gambling behavior to the other sibling’s delinquency and

between one sibling’s delinquency to the other sibling’s gambling behavior. Although

theoretically possible, such cross-over effects have rarely been examined in past research.

In contrast, cross-over links between gambling and delinquency within the same individual

have been examined. For example, one study (Wanner et al. 2009) indicated that, although
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delinquency did not predict increases in gambling, gambling predicted an increase in

delinquency from age 16 to age 23, possibly because of the financial problems it engen-

ders. Similar within-person cross-over effects between gambling and delinquency are

anticipated in early adolescence.

To address these issues, the present study involved a sample of same sex twins who were

raised together. Compared to non-same sex twins or non-twin-siblings, same sex twins tend

to spend more time together, which makes social learning processes and consequently

sibling influence especially likely (Fortuna et al. 2010; Neyer 2002; Rose 2002; Thorpe and

Gardner 2006). However, since same-sex twins often tend to share similar friends or even

the same friends (Rowe and Gulley 1992), it is also important to control for friends’

gambling and friends’ delinquency when assessing sibling influence to avoid spurious

effects. By design, the use of a sample of twins raised together also allows to control for a

number of family influences, including parent gambling and parent antisocial behavior.

The Actor-Partner Interdependence Model

Siblings in close relationships are interdependent, which means that data describing their

behaviors are not independent (Laursen 2005). Traditional parametric analytic techniques

are inappropriate under these circumstances, because correlated sibling data violate

assumptions of statistical independence, biasing error estimates and compromising sig-

nificance tests (Kenny 1995). The actor-partner interdependence model (APIM) was

designed to overcome these obstacles (Kenny et al. 2006), partitioning variance shared

across members of a dyad (i.e., partners) on the same variables from variance that uniquely

describes within- and between partner associations. Modifications for longitudinal data

specifically address over time influence between and within members of a dyad (Laursen

et al. 2008). A longitudinal APIM is akin to a residual change model in that residual change

in delinquency and gambling scores can be predicted after accounting for their respective

autoregressive effects (i.e., stability) and their concurrent links (Popp et al. 2008).

In the present study, longitudinal APIM analyses were used to determine (1) whether

one twin’s gambling behavior and delinquency predicts the other twin’s gambling behavior

and delinquency over time, after removing within-person effects, and (2) whether one

twin’s gambling predicts changes in his or her own delinquency (or vice versa), after

removing the between-twins effects. Delinquency and gambling are more prevalent and

more accepted among boys than girls, so multiple group models determined whether

associations differed by sex. Multiple group models also determined whether associations

differed according to zygosity. If similar between-sibling effects are found for monozy-

gotic (MZ) twin pairs, who share 100 % of their genetic make-up, and for dizygotic (DZ)

twin pairs, who share approximately 50 % of their genes, then these sibling effects can be

considered an indicator of true environmental effects. This could shed important new light

on the etiology of gambling and delinquency, suggesting that could have spillover effects

across siblings.

Method

Participants

The participants were drawn from the Quebec Newborn Twin Study, an ongoing longi-

tudinal study of a population-based sample of twins born between 1995 and 1998 in the
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greater Montreal area (Boivin et al. 2013). Zygosity was assessed at 18 months through the

analysis of genetic markers, supplemented by diagnoses based on physical similarity

(Forget-Dubois et al. 2003). Ten highly polymorphous genetic markers were tested.

Zygosity comparisons revealed a 96 % correspondence rate, which is similar to rates

obtained in older twin samples.

Demographic characteristics of the twin families were comparable to those of a sample

of single births representative of urban centers in the province of Quebec (Santé Québec

et al. 1998). At the outset, 95 % of parents lived together; 66 % of mothers and 60 % of

fathers were between 25 and 34 years old; 17 % of mothers and 14 % of fathers had not

finished high school; 28 % of mothers and 27 % of fathers held a university degree; 83 %

of parents were employed; and 10 % of the families received social welfare or unem-

ployment insurance. Eighty-four percent of the families were of European descent, 3 %

were of African descent, 2 % were of Asian descent, 2 % were Native North Americans,

and 9 % did not specify ethnicity.

Data for the present study were collected at ages 13 (grade 7), 14 (grade 8), and 15

(grade 9), via personal interviews in the twins’ homes. Active written consent from the

children and parents was obtained. Data collection was approved by the Institutional

Review Boards of the University of Quebec in Montreal and the Ste-Justine Hospital

Research Center.

More than two thirds (i.e., 68.4 %) of the 662 twin pairs in the initial sample partici-

pated in data collection at age 13, 14, or 15. Those that did and did not participate at the

age 13, 14, or 15 data collection did not differ significantly on family income, family

structure, or birth weight, nor did they differ on a variety of problem behaviors, including

disruptiveness, proactive aggression, physical aggression, indirect aggression, and reactive

aggression in kindergarten and grade 1, and deviancy in grade 4.

Out of the 453 twin pairs who contributed substance use or delinquency data at age 13,

14, or 15, 179 formed MZ twin pairs, 135 formed same-sex DZ twin pairs, and 139 formed

mixed-sex DZ twin pairs. Tests of distinguishability (Kenny et al. 2006) indicated that the

139 mixed-sex twin pairs could be distinguished on the basis of sex, Dv2(34) = 577.79,

p \ .05, so mixed-sex twins were excluded from the indistinguishable dyad APIM anal-

yses. The final sample thus included 628 participants (302 boys and 326 girls; 179 MZ twin

pairs, 135 same-sex DZ twin pairs).

Measures

Instruments were administered either in English (21 %) or in French (79 %), depending on

the language spoken by the children and their parents. Back-translation procedures were

employed and bilingual translators verified the semantic similarity between the back-

translated items and the original items in the questionnaire.

Delinquency

At each wave, participants completed the Self-Report Delinquency Scale (LeBlanc and

Fréchette 1989). Delinquency was assessed with nine items that described specific delin-

quent behaviors. Participants rated the frequency of each behavior during the past

12 months on a scale ranging from 1 (never) to 4 (very often) (e.g., threatened or bullied

someone to get what you wanted; stole something from parents or strangers) (Cronbach’s

a = .68–.69). MZ and DZ twins had near identical scores at each age (see Table 1).
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Approximately 69 % of participants engaged in at least one delinquent behavior at least

once. Approximately 4 % of participants engaged in at least one delinquent behavior

regularly (i.e., very often).

Gambling Involvement

At each wave, participants completed the South Oaks Gambling Screen for adolescents

(SOGS-RA: Winters et al. 1993). Gambling involvement was assessed with 12 items that

described gambling activities. Participants rated the frequency of each gambling activity

during the past 12-months on a scale ranging from 1 (never) to 7 (daily) (e.g., played cards

or games with others for money; bet on sporting events/games for money) (Cronbach’s

a = .65–.75). MZ and DZ twins had near identical scores at each age (see Table 1).

Approximately 29 % of participants engaged in at least one gambling activity at least once.

Approximately 11 % of participants engaged in at least one gambling activity regularly

(i.e., once per month).

Friends’ Gambling Involvement and Delinquency

When the twins were 13 years old, they were asked individually to nominate up to five

friends. With the twins’ permission, we contacted the friends. Those who accepted our

invitation to participate completed the same gambling and delinquency inventories. There

were 296 siblings for whom data from same-sex friends was available at age 13. When

more than one friend participated, an average score across all the friends for each twin was

calculated. On average 1.84 same-sex (SD = 0.97) friends participated.

Plan of Analysis

Path analyses were conducted in a structural equation modeling framework using Mplus

v7.11 (Muthén and Muthén 1998–2013). Figure 1 depicts the 3-wave longitudinal APIM

measurement model. Identical labels indicate paths that were constrained to be equal to

reflect the interchangeable nature of the twins (Olsen and Kenny 2006). Equality con-

straints were applied to within-twin stability paths (actor paths a1, a2, b1, and b2), within-

variable between-twin influence paths (partner paths c1, c2, d1, and d2), between-variable

within-twin influence paths (actor paths e1, e2, f1, and f2), and between-variable between-

Table 1 Descriptive statistics of
delinquency and gambling

n = 179 MZ twin pairs and 135
DZ twin pairs

MZ DZ
M (SD) M (SD)

Delinquency

Age 13 1.10 (0.16) 1.10 (0.17)

Age 14 1.11 (0.17) 1.09 (0.15)

Age 15 1.12 (0.18) 1.15 (0.23)

Gambling

Age 13 1.03 (0.09) 1.04 (0.10)

Age 14 1.03 (0.08) 1.03 (0.08)

Age 15 1.02 (0.07) 1.03 (0.12)
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twin influence paths (partner paths g1, g2, h1, and h2), as well as means (s1 and d1),

variances (u1–u2 and v1–v2), intercepts (s2–s3 and d2–d3), and residuals (u3 and v3).

Equality constraints were also applied to within-variable within-twin covariances (cc2) and

between-variable between-twin covariances (cc3) at age 13, and within-variable within-

twin error covariances (ec2 and ec4) and between-variable between-twin error covariances

(ec3 and ec5) at ages 14 and 15 (not depicted in Fig. 1).

A progressive model fitting procedure was employed. First, the measurement model

depicted in Fig. 1 was estimated. Constraints were then added to analogous influence paths

(e.g., age 13 delinquency to age 14 delinquency (partner) and age 14 delinquency to age 15

delinquency (partner) constrained to be equal). Constraints were not retained if model fit

significantly worsened (p \ .05).

Fit indices for the indistinguishable dyad APIM were adjusted as recommended (Olsen

and Kenny 2006). The adjustment required consideration of three models: (a) a null model,

with all effects fixed to zero; (b) a baseline model, with all APIM paths estimated (Fig. 1);

and (c) the model of interest, which represented the most parsimonious, best-fitting model.

The v2, degrees of freedom (df), Tucker–Lewis Index (TLI), and root mean square error of

approximation (RMSEA) for the model of interest were adjusted in response to results from

the null and baseline models. The Chi square index should be as small as possible; the

RMSEA should be \.08; the TLI should exceed .90 and preferably .95.

An average of 14.4 % (range: 0.0–23.9 %) of the data on study variables were missing.

Little’s test indicated that data were missing completely at random, v2(151) = 164.03,

p = .22. Missing data were handled with full information maximum-likelihood estimation

(FIML), which allowed participants with incomplete data to be included in the models.

Multiple group analyses were conducted separately with sex and zygosity as modera-

tors. Additional control variables were tested, including family income, friends’ gambling,

and friends’ delinquency.

Note. Concurrent age 14 and age 15 error covariances not depicted. Identical labels reflect equality constraints. 
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Fig. 1 Measurement model of longitudinal actor-partner interdependence model for indistinguishable
dyads. Note: Concurrent age 14 and age 15 error covariances not depicted. Identical labels reflect equality
constraints
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Results

Preliminary Analyses

Bivariate inter-correlations revealed positive concurrent (r = .25–.30, p \ .001) and over

time (r = .16–.31, p \ .001) associations between delinquency and gambling. Over time

correlations were also significant for delinquency (r = .52–.68, p \ .001) and gambling

(r = .35–.53, p \ .001).

Separate 2 (sex) 9 2 (zygosity) 9 3 (age: 13, 14, and 15 years old) repeated measures

ANOVAs were conducted with delinquency and gambling as the dependent variables. To

avoid statistical bias arising from non-independence, one member of each twin pair was

randomly selected for inclusion in these analyses. There was a significant within-subjects

effect of time for delinquency, F(1, 202) = 9.93, p = .002, g2 = .05 (95 % CI .01, .11)

but not gambling, F(1, 202) = 0.73, p [ .05. Delinquency increased over time, (age 13:

M = 1.10, SD = 0.16, age 14: M = 1.11, SD = 0.16, age 15: M = 1.15, SD = 0.21).

There were no statistically significant two- or three-way interactions.

Statistically significant within-dyad intraclass correlations (interpreted as r2) emerged

for delinquency (intraclass r = .32–.42, p \ .001) and gambling (intraclass r = .19–.36,

p \ .001).

Longitudinal Associations Between Gambling and Delinquency

Figure 2 depicts the significant paths from the final model. The model fit the data, v2 (2,

N = 314 twin pairs) = 0.24, p [ .05, TLI = 1.03, RMSEA = .00.

Between-Twin Effects

There were statistically significant between-twin associations for delinquency from age 13

to age 14 (b = .12) and from age 14 to age 15 (b = .09). Higher initial levels of one twin’s
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Fig. 2 Twin influence on gambling and delinquency. Note: Nonsignificant paths (p [ .10), concurrent age
13 and age 14 covariances, and concurrent age 15 error covariances not depicted

J Gambl Stud

123



delinquency predicted greater increases in the other twin’s delinquency. In contrast, the

between-twin associations for gambling from age 13 to age 14 (b = .01, p = .78) and

from age 14 to age 15 (b = .04, p = .41) failed to reach conventional levels of statistical

significance. Between-twin associations from gambling to delinquency from age 13 to 14

(b = .07, p = .08) and from age 14 to 15 (b = .01, p = .86) and from delinquency to

gambling (b = - .03 to .00, p = .50–.93) also failed to reach conventional levels of

statistical significance.

Within-Twin Effects

There were statistically significant within-twin associations from delinquency to gambling

from age 13 to age 14 (b = .15) and from age 14 to age 15 (b = .12). Higher initial levels

of an individual’s delinquency predicted greater increases in his or her own gambling.

There were statistically significant within-twin associations from age 14 gambling to age

15 delinquency (b = .12). Higher initial levels of an individual’s gambling predicted

greater increases in his or her own delinquency. The within-twin association from age 13

gambling to age 14 delinquency failed to reach conventional levels of statistical signifi-

cance (b = .05, p = .22).

Supplemental Analyses

Statistically significant v2 differences in sex or zygosity did not occur at a rate greater than

chance, indicating that patterns of association did not differ between male and female twin

pairs or between MZ and same-sex DZ twin pairs. The same pattern of statistically sig-

nificant results emerged when family income, friends’ gambling, and friends’ delinquency

were separately entered into the model as control variables.

Discussion

Previous studies indicate that siblings influence one another’s delinquent behaviors

(Slomkowski et al. 2001; Stormshak et al. 2004). The current study replicates and extends

these findings in a sample of young adolescent twins. Higher levels of delinquency in one

twin gave rise to systematic increases in delinquent behaviors in the other twin. No similar

between-twin effects were found for gambling. This is a new and partly unexpected

finding. Also new to this study is the finding that delinquency systematically fosters

increases in gambling over the two time intervals examined in this study, whereas gam-

bling fosters an increase in delinquency from age 14 to age 15, but not from age 13 to age

14. These results are discussed in turn.

Between Sibling Influences

One twin‘s initial level of delinquency predicted changes in the other twin’s delinquency

first from age 13 to age 14 and again from age 14 to age 15, such that children became

more delinquent over time if their brother or sister was high in delinquency. Although

modest, the effect size reflecting these between sibling effects in regard to delinquency are

twice larger than the effect size found by DeFoe et al. (2013) who also used a well-

controlled auto-regressive cross-lag design covering similar ages. One possible explanation
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for this discrepancy is that DeFoe et al. used non same age siblings whereas same age

siblings were involved in the present study. Three processes can be advanced to explain

between sibling effects on delinquency. First, one sibling’s successful delinquent behavior

may be imitated by the other sibling in accordance to a modeling process (Bandura 1977).

Second, through a process of differential reinforcement known as deviancy training, one

sibling’s delinquent acts may be reinforced by the other sibling or other members of their

peer group who regard such behaviors as justifiable (Dishion et al. 1996). Finally, negative

interactions and coercion among siblings may also contribute to an increase in their

delinquent behaviors, particularly of the aggressive type (Bank et al. 2004). This mutual

coercion process is, however, less likely than a modeling and a deviancy training process

for two reasons: First, DeFoe et al. (2013) found no evidence in support of a link between

sibling negative interactions and an increase in delinquency once stability and concurrent

links are controlled for as in the present study. Second, sibling negative interactions tend to

diminish after early adolescence (Kim et al. 2006).

Importantly, in contrast to the significant between-sibling effects in regard to delin-

quency, one twin’s gambling did not predict changes in the other twin’s gambling. It is

possible that influences from one sibling to another may not apply to behaviors that are

under moderately strong genetic influence such as gambling (Beaver et al. 2010; Vitaro

et al. 2014). As such, the similarity between siblings with respect to adolescents’ gambling

reported in previous research (Gupta and Derevensky 1997) may have been due to genetic

similarity rather than reflective of an environmental influence between siblings. Moreover,

one twin’s gambling did not predict the co-twin’s delinquency and, conversely, one twin’s

delinquency did not predict the co-twin’s gambling. The domain specificity of the between-

sibling effects found in this study suggest that, instead of relying on a global measure of

deviance, gambling and delinquency should be measured separately when examining

sibling influence.

It has been suggested that siblings’ influence operates in a similar manner as friends’

influence (Buhrmester 1992; Lamarche et al. 2006). How, then, can we explain that,

opposite to current findings among siblings, friends’ deviancy has been found to predict

gambling involvement and gambling problems in past studies (Barnes et al. 1999; Vitaro

et al. 2001)? One possible explanation is that the measure of friends’ deviancy in past

studies did not specifically refer to the friends’ gambling involvement but also to their

delinquent behaviors. It is also possible that the links between friends’ deviancy and

participants’ gambling may be explained by a gene-environment correlation: Adolescents

who have a genetic disposition towards gambling seek out similarly minded friends. In

contrast to previous studies that used singletons, the use of twins in the present study

reduced the likelihood of a gene-environment correlation, MZ twins sharing 100 % of their

genes and DZ twins’ sharing 50 %, on average, of their genes. Such a gene-environment

correlation is also less likely to apply to delinquency during early adolescence than to

gambling because parents impose less control on gambling than on delinquency (Der-

evensky et al. 2004). In such circumstances, personal dispositions may be expressed more

easily with respect to gambling than with respect to delinquency, with room for less social

influence for gambling than for delinquency as a consequence.

Within-Person Influences

Despite moderate stability, systematic within-person influence was found, such that an

adolescent’s initial level of delinquency predicted changes in his or her gambling

involvement over both time intervals. According to some authors, this result may simply
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reflect diversification and escalation in deviant behaviors from early to middle adolescence

(Loeber 1990). However, other processes may be involved. For example, it is possible that

this apparent influence from one type of behavior on another type of behavior is driven by

the unfolding of genetically driven common predictors (e.g., impulse control deficits) as

adolescents gain in autonomy from parents and other social control agencies (Barnes et al.

1999; Vitaro et al. 2001). Finally, it is also possible that delinquency fosters other types of

deviant behaviors such as gambling because it exposes delinquent adolescents to deviant

friends, some of whom may be involved in gambling activities. In the context of the

present study, controls for friend gambling make this tentative explanation unlikely.

Similar processes can explain the within-person influence from gambling to delinquency

from age 14 to age 15, although in this case it is also possible that financial problems

created by gambling debts push some adolescents to commit illegal acts. Given that

gambling debts may take time to build up as gambling behavior increases, it is not sur-

prising that gambling did not predict an increase in delinquent behaviors during the first

time interval examined here, i.e., from age 13 to age 14.

Moderators

Patterns of influence did not differ across males and females or across MZ and same-sex

DZ pairs. Despite mean differences between males and females, the pattern of findings

applied equally to both. The absence of an interaction with zygosity is also important

because it suggests that the between-sibling effects with respect to delinquency, in par-

ticular, represent true environmental effects. However, these conclusions should be, at best,

considered tentative in light of the limited sample size and the possible lack of statistical

power to detect interactions.

Our study is not without limitations. First, all measures are self-reported, increasing the

risk of inflated longitudinal links due to shared method variance. However, the use of a

single source also increases the concurrent and stability links. Second, gambling problems

could not be considered because of their low endorsement, as this is the case in most

population based samples of young adolescents. Third, no mechanisms that could account

for the between-twin or within-twin effects were examined. These mechanisms (for

example, deviancy training to account for between-twin effects and exposure to deviant

friends to account for within-twin effects) ought to be examined in future studies to

increase the plausibility of our tentative explanations and improve our etiological models.

Finally, some may question the degree to which findings from twins generalize to other

populations, although considerable evidence suggests that these concerns tend to be

overstated (e.g., Johnson et al. 2002; Pulkkinen et al. 2003).

Conclusion

The findings in this study have two important implications for our understanding of the

etiology of delinquency and gambling. First, in addition to peers and parents, deviant

siblings have been blamed for elevated levels of a variety of deviant behaviors, but our

findings suggest that siblings may be more relevant to the enhancement of delinquency

than the enhancement of gambling. Second, early delinquent behaviors may serve as a

gateway to the escalation of other deviant or risky behaviors, including gambling; in turn,

gambling may foster a further increase of delinquent behaviors.
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