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Abstract
This study examined the developmental associations between substance use and violence. We examined the trends in
each behavior throughout adolescence, how the behaviors covaried over time, and the symmetry of associations
taking into account frequency and severity of each behavior. We also examined whether changes in one behavior
affected changes in the other behavior over time. Six years of annual data were analyzed for 506 boys who were in
the seventh grade at the first assessment. Concurrent associations between frequency of substance use and violence
were relatively strong throughout adolescence and were somewhat stronger for marijuana than alcohol, especially in
early adolescence. Type or severity of violence was not related to concurrent alcohol or marijuana frequency, but
severity of drug use was related to concurrent violence frequency. Depending, to some degree, on the age of the
subjects, the longitudinal relationships between substance use and violence were reciprocal during adolescence and
slightly stronger for alcohol and violence than for marijuana and violence. Further, increases in alcohol use were
related to increases in violence; however, when early alcohol use was controlled, increases in marijuana use were
not related to increases in violence. Only in early adolescence was the longitudinal relationship between marijuana
use and later violence especially strong. The strength of the longitudinal associations between violence and
substance use did not change when common risk factors for violence and substance use were controlled. Overall, the
data lend more support for a reciprocal than for a unidirectional association between substance use and violence.
Prevention efforts should be directed at aggressive males who are multiple-substance users in early adolescence.

A statistical association between substance lish causality, social policy has often been
based on the assumption of causality withuse and violence has been well documented

in criminal and addict populations as well as proponents supporting a psychopharmacologi-
cal model for alcohol and a systemic modelcommunity samples (for a review, see White,

1997a). Although correlation does not estab- for other drugs, such as marijuana and cocaine
(for a review, see White, 1997a). Those who
adhere to a psychopharmacological model be-Preparation of this paper was supported, in part, by grants
lieve that the effects of intoxication (disinhibi-from the National Institute on Drug Abuse (DA 41101

and DA/AA 03395), the National Institute on Mental tion, cognitive–perceptual distortions, atten-
Health (NIMH 50778), the Office of Juvenile Justice and tion deficits, bad judgment, neurochemical
Delinquency Prevention (OJJDP 96-MU-FX-0012), and changes, etc.) and the situational factors ac-
the Robert Wood Johnson Foundation (#31925). An ear-

companying occasions of intoxication causelier version of this paper was presented at the American
aggressive behavior (Collins, 1981; Fagan,Society of Criminology meeting in San Diego, CA, No-

vember, 1997. The authors thank Ping-Hsin Chen for her 1990; Pernanen, 1993; Pihl & Peterson,
assistance with the data analysis and manuscript prepara- 1993). In contrast, those who support a sys-
tion. temic model postulate that the system of drug
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1994). Given that there are no legal mecha- Neckerman, 1995; Chermack & Giancola,
1997; Hawkins, Catalano, & Miller, 1992;nisms to resolve disputes (e.g., over organiza-

tional and territorial issues or quality and Reiss & Roth, 1993; Tremblay & Craig, 1995;
White, 1997b). It remains to be demonstratedamount), violence or the threat of violence is

used to enforce rules in the illicit drug market. which of these and other factors are “neces-
sary” causes for both substance use and vio-However, research findings have consis-

tently shown that these supposed causal pro- lence and whether the relationship between
substance use and violence is weakened whencesses are moderated by individual character-

istics and situational contexts, and, in fact, the these risk factors are controlled.
Other researchers have advocated a moreassociations between violence and substance

use are more likely the result of a spurious differentiated approach (e.g., Fagan, Weis,
Cheng, & Watters, 1987; Gillmore, Hawkins,association than a causal one (see Fagan,

1993; White, 1997a). For example, it has been Catalano, Richard, Day, & Moore, 1991;
Loeber, 1988; McGee & Newcomb, 1992;demonstrated that violent individuals are at-

tracted to the illegal drug market rather than Osgood, Johnston, O’Malley, & Bachman,
1988; White & Labouvie, 1994; White, Pan-that drug dealing causes individuals to ini-

tially become violent (Fagan & Chin, 1990; dina, & LaGrange, 1987). These researchers
claim that although substance use and vio-Van Kammen & Loeber, 1994). In addition,

research demonstrates that the psychopharma- lence share several common causes or predict-
ors, there are also specific factors that deter-cological effects of alcohol on aggression are

more prominent among those who already mine which adolescents will specialize in
each behavior. In a review, White and Labou-have an elevated inclination to be aggressive

(for a review, see Lang, 1993). vie (1994) argued that, overall, the literature
on the relationship among problem behaviorsReviews of the research on drug use and

violence among adolescents conclude that in nonclinical samples of adolescents would
seem to argue against the generality of devi-there is little evidence that alcohol or drug use

cause violence (Osgood, 1994). Rather the as- ance hypothesis because of the generally low
correlations among problem behaviors, thesociation between substance use and violence

in adolescence is assumed to be spurious (for fact that various problem behaviors follow
different developmental paths, the fact thatreviews, see White, 1990, 1997a,b). Those

who support a spurious model suggest that problem behaviors do not cluster together for
all adolescents, and the fact that there are sev-substance use and violent behavior are pre-

dicted by the same common set of risk factors eral distinct influences on each behavior (El-
liott, Huizinga, & Menard, 1989; White,or that drug use and violence cluster together

as a result of experimentation with a wide 1990). Further, the clustering of different
problem behaviors tends to change with agerange of deviant behaviors during the adoles-

cent stage in the life cycle (see Jessor, Dono- (see, e.g., McGee & Newcomb, 1992). Thus,
in studying the relationship between drug usevan, & Costa, 1991; Jessor & Jessor, 1977).

Numerous common risk factors have been and violence, one needs to consider common
and specific risk factors.identified within the individual (such as diffi-

cult temperament, impaired executive cogni- Laboratory studies of adults suggest that it
is also necessary to address differences amongtive functioning, internalizing problems, at-

tention deficit–hyperactivity disorder, risk categories of drugs. Studies on acute effects
in laboratory studies have found that alcoholtaking, and inability to delay gratification),

the family domain (such as parental alcohol- compared to other drugs, such as marijuana
and heroin, is more strongly associated withism, harsh and erratic discipline, abuse or re-

jection in the family, and lack of parental nur- aggression (Miczek et al., 1994). The question
remains, however, as to whether there are dif-turance), and the environment (such as

deviant peer groups and community disorga- ferences between alcohol and other drugs in
their developmental associations with vio-nization) (Brewer, Hawkins, Catalano, &
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lence. Knowledge of developmental associa- Glassner, Johnson, & Loughlin, 1988; Elliott
et al., 1989; Kingery, Pruitt, & Hurley, 1992;tions is relevant for both the definition of risk

groups as well as the targeting of factors for Osgood, 1994). In fact, several studies have
demonstrated a synchrony in the progressionprevention and intervention (Cicchetti, 1993;

Cicchetti & Toth, 1992; Kellam & Rebok, through the stages of drug use and the stages
of delinquency (Le Blanc & Loeber, 1998).1992; Koretz, 1991). Statistically significant

developmental associations between different Elliott and colleagues (1989) found that seri-
ous delinquents (which included the most se-types of substance use and violence, however,

do not have to reflect causation. For instance, rious violent offenders) had by far the highest
rates of consumption of alcohol, marijuana,studies on the acute effects of marijuana use

have found that moderate doses are likely to and other drugs and the rates decreased mov-
ing down the typology from serious delin-suppress violence (Miczek et al., 1994). In the

case that a developmental association between quents to nonserious, to exploratory, and fi-
nally to nondelinquents. Similarly, formarijuana use and violence is found, a critical

test is whether the association will disappear virtually all offenses (including violent of-
fenses), polydrug users reported the highestonce prior violence and alcohol use are taken

into account. If this is the case, then the initial prevalence rates and nonusers reported the
lowest rates (see also Fagan et al., 1987;observation of an association between mari-

juana use and violence is spurious. White, Johnson & Garrison, 1985).
Developmentalists have pointed to the factAnother question concerns the strength of

association between various substances and that the development of substance use often
takes place in an orderly fashion, starting withviolence. In general, correlational analyses in

survey studies have indicated that the relation- tobacco use and alcohol use as initial steps
depending on sex, marijuana use as next step,ship between drug use and violence is the

same as or stronger than the relationship be- and hard drug use as a last step (Kandel, Ya-
maguchi, & Chen, 1992). Those who advancetween alcohol use and violence (Cohen, Lip-

sey, Wilson, & Derzon, 1994; Osgood, 1994; to hard drugs tend to continue to use sub-
stances from lower steps in the developmentalWhite, 1997b). Elliott, Huizinga, and Menard

(1989) found that there were greater levels of progression, which helps to account for the
polydrug users. As to the development of de-violence among polydrug users and marijuana

users (who also used alcohol) than among linquency, there is increasing evidence for de-
velopmental progressions in delinquency,those who only used alcohol. In a multiethnic

study of adjudicated delinquents and high starting with the least serious forms of delin-
quent acts and escalating to the most seriousschool students, Watts and Wright (1990)

found that across ethnic and racial groups the acts (Kelley, Huizinga, Thornberry, &
Loeber, 1997; Loeber, Wung, Keenan, Gir-best predictor of violent delinquency was use

of illegal drugs. In the multivariate analyses oux, Stouthammer–Loeber, Van Kammen, &
Maughan, 1993). Among those who engageincluding all categories of drugs, alcohol use

was not a significant predictor of violent de- in both delinquency and drug use, delinquent
behavior (including aggressive delinquency)linquency for any of the three ethnic groups.

Overall, the literature suggests that the rela- developmentally precedes the initiation into
drug and usually alcohol use (Elliott et al.,tionship between alcohol use and violence in

adolescence is not specific and, if anything, 1989; see also White, 1990, for a review).
However, studies also show that increases inmultiple drug use compared to alcohol use is

more strongly related to violence (White, property crime and acquisitive violence occur
subsequent to regular use of hard drugs1997a).

Regardless of the reasons for the associa- among adolescents (Loeber, 1988). Further,
for those who engage in both behaviors, pro-tion, drug users as opposed to nonusers are

more likely to be involved in violence, both gressions in substance use and in delinquency
do not occur independently over time. Re-as perpetrators and as victims (Carpenter,
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cently Le Blanc and Loeber (1998) have su- drug use or crime (see White & Labouvie,
1994).perimposed the developmental sequences in

substance use and delinquency and demon- While several studies have examined the
longitudinal associations between drug usestrated the synchronous development between

the two sets of behavior. and delinquent and criminal behavior (see
Kaplan, 1995), few studies have examined theThe synchronous nature of the develop-

mental association between substance use and longitudinal relationships between drug use
and aggression specifically. In a meta-analy-violence, certainly in a broad window of a

year, means that the exact developmental in- sis, Cohen and colleagues (1994) reported
fairly weak associations between alcohol useteractions between the two are often difficult

to disentangle. Thus, we would expect that in and aggression across time. The average cor-
relation between Time 1 alcohol use and Timea synchronous fashion substance use is pre-

dictive of violence, but that violence is also 2 violence was .01 and between Time 1 vio-
lence and Time 2 alcohol use was .09, sug-predictive of substance use. For example, Fa-

gan, Weis, and Cheng (1988) studied the syn- gesting that perhaps violence was more
strongly related to later alcohol use than alco-chrony of drug use and delinquency using a

similar typological approach to Elliott et al. hol use was to later violence. A similar meta-
analysis by Derzon and Lipsey (1999) on the(1989). Their findings suggested that the

strength of the association between substance association between marijuana use and ag-
gressive behavior reported relatively weakuse and delinquency depended on the severity

of the delinquency and the types of substances weighted mean correlations (coefficients
ranged from .11 to .13), but the strength ofused. It is, therefore, important to examine the

relationship between substance use and vio- the relationship was similar in both directions.
The strongest relationships between marijuanalence taking into account frequency and se-

verity. and aggression occurred in early adolescence,
and the analysts did not find a consistent rela-From a developmental perspective, correla-

tional studies of adolescents have found sig- tionship between marijuana and aggressive
delinquency after early adolescence. Theynificant but relatively weak to modest associa-

tions between alcohol or drug use and concluded that use of marijuana does not es-
tablish a developmental trajectory to aggres-violence, which tend to peak in middle ado-

lescence and then decrease in strength in late sive behaviors.
Farrington (1995) found that males whoadolescence (White, Pandina, & Labouvie,

1985). This fits with findings that show a were aggressive in childhood or adolescence
were more likely to be heavier drinkers andmuch stronger overlap between substance use

and delinquency in early adolescence com- drug takers in adulthood. He suggested that
this continuity is probably not specific to ag-pared to later adolescence (Loeber, 1985;

Wechsler & Thum, 1973). Fagan and col- gression but rather part of a general continuity
in antisocial behavior from childhood toleagues (1988) claim that it is not surprising

that there is an association between these be- adulthood. Similarly, White and colleagues
(White, Brick, & Hansell, 1993; White &haviors at this time because experimentation

occurs during a relatively narrow life period. Hansell, 1996) found that aggression in early
adolescence predicted later alcohol use but al-Thus, in early to middle adolescence, the as-

sociations may be stronger because all these cohol use did not significantly affect later ag-
gression at any point during adolescence. Al-behaviors fit one general problem behavior

syndrome (Jessor & Jessor, 1977). However, ternatively, a study of juvenile offenders in
Finland found that those juveniles who hadthe decline in the strength of the relationships

in late adolescence may be due to the occur- arrests for drunkenness were more likely to
have arrests for violent crimes 5–10 yearsrence of differentiation between behaviors. At

that point, deviance may become diffused and later (Virkkunen, 1977; see also Pulkkinen,
1983). As well, in a study of adolescent of-individuals may begin to specialize in either
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fenders, Dembo and colleagues (1991) found stance use (while controlling for earlier
substance use), or is there a reciprocal rela-that alcohol use predicted violent offending

approximately 1 year later. Both Kandel and tionship? And is the relationship with vio-
lence stronger for alcohol use than for othercolleagues (Kandel, Simcha–Fagan, & Da-

vies, 1986) and Kaplan and Damphousse substance use?
(1995) have shown that drug use in adoles-

4. Is the relationship between substance use
cence increases aggression in adulthood.

and violence spurious? That is, do the lon-
White and Hansell (in press) found that mari-

gitudinal associations between violence and
juana and cocaine use in late adolescence pre-

substance use remain strong when one con-
dicted increases in aggressive behavior in

trols for common risk factors?
early adulthood, but marijuana use in early
adolescence predicted decreases in aggressive 5. Do individuals who increase their sub-

stance use also become more violent overbehavior in midadolescence. Further, aggres-
sive behavior did not predict later increases in time, compared to those who stay stable or

decrease in substance use, and similarly dodrug use at any point in time.
In sum, the few longitudinal studies that those who increase their violence compared

to those who decrease or remain stable alsohave examined the temporal associations be-
tween drug use and aggressive behavior report increase their substance use over time?
mixed findings. Most studies have found that
early aggression predicts later alcohol prob-

Method
lems, yet the findings are equivocal as to
whether early alcohol use predicts later ag-

Design and sample
gression. Many studies have found that early
drug use predicts later aggression. Few of the Data were collected as part of the Pittsburgh

Youth Study (PYS). The PYS is a prospectivelongitudinal studies have examined the impact
of specific drugs on later violence and the ex- longitudinal study of the development of de-

linquency, substance use, and mental healthtent to which relationships tend to be recipro-
cal in strength or be asymmetrical. problems (Loeber, Farrington, Stouthamer–

Loeber, & Van Kammen, 1998a). In 1987–In this study we examine the co-occurrence
of substance use and violence within a devel- 1988, random samples of first, fourth, and

seventh grade boys enrolled in the City ofopmental framework. Specifically, we are in-
terested in determining whether the data fit a Pittsburgh public schools were selected. Ap-

proximately 850 boys in each grade (85% ofgeneral model in which substance use and vi-
olence are reciprocally interrelated, or if the the target sample) were screened. About 500

boys in each grade (the 250 most antisocialdata fit a specific model in which substance
use is more strongly predictive of violence and another 250 randomly selected from the

remaining 600) were selected for the first fol-over time than violence is predictive of sub-
stance use. We address the following ques- low-up 6 months later. For the present analy-

ses we used only the oldest cohort (N = 506).tions:
After the first follow-up, the boys in the old-
est cohort were subsequently followed up at1. What are the trends in the frequency of sub-

stance use and violence throughout adoles- 6-month intervals for four additional assess-
ments and then at yearly intervals for anothercence and how do they covary over time?
three assessments. Attrition has remained rel-

2. Do the strengths of the associations be-
atively low and 92.7% of the original sample

tween substance use and violence vary by
was followed up at the last assessment.

frequency or severity of the behaviors?
In order to use a common 1-year period for

our analyses, we combined the first and sec-3. Is substance use more predictive of later vi-
olence (while controlling for earlier vio- ond 6-month assessments, the third and

fourth, and the fifth and sixth. Merging theselence) than violence is predictive of sub-
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three combined assessments with the next created a violence-stage classification based
on reports from the child, parent or guardian,three yearly assessments gives us six waves

of annual data from average age 13.25 years and teacher (Loeber et al., 1998a): 1, none;
2, minor (gang fighting or carrying a hiddento 18.5 years. The sample is 57.5% African

American, with the remainder almost all weapon); 3, moderate (strong-arming); and 4,
serious (attacked with a weapon or with intentWhite. In addition, 36.2% of the boys’ fami-

lies received public assistance or food stamps. to seriously hurt or kill someone, hurt or
threatened to hurt someone to have sex with(For greater detail on subject selection and

sample characteristics, see Loeber et al., you, or forced sex or attempted to). Subjects
were classified by the most serious category1998a).
of behavior that they engaged in at least once
within the last year.

Measures

Drug-use measuresMuch of the data come from self-report ques-
tionnaires from the subjects, which are sup- Frequency of alcohol use was the sum of the

number of times subjects used beer, wine, orplemented by some parent and teacher re-
ports. Self-reports are generally accepted as hard liquor during the past year. We also mea-

sured frequency of use (number of times) ofreliable and valid indicators of delinquent be-
havior and drug use (Farrington, Loeber, marijuana during the past year. For other

drugs (hallucinogens, cocaine, crack, heroin,Stouthamer–Loeber, Van Kammen, & Schmidt,
1996; Hindelang, Hirschi, & Weis, 1981; Sin- PCP, and nonmedical use of tranquilizers,

barbiturates, codeine, amphetamines, andgle, Kandel, & Johnson, 1975) if conducted
in appropriate settings under nonthreatening over-the-counter medications), frequency was

the sum of the number of times for all of thecircumstances (see Dembo, Williams, Wish, &
Schmeidler, 1990). In addition, self-reports other drugs listed above. For some analyses

subjects were dichotomized into the worstprovide a more direct, sensitive, and complete
measure of various forms of deviant behavior fourth (top 25% in terms of frequency) versus

the rest.than do measures based upon official law en-
forcement and institutional records and avoid To measure severity of drug use at each

year, we created a drug-stage variable whichthe problem of false negatives (i.e., “hidden”
cases; Elliott et al., 1989). (For greater detail was 1, no use; 2, alcohol use at least once but

no marijuana or other drug use; 3, marijuanaon the advantages and disadvantages of self-
report data, see Elliott et al., 1989; Farrington use at least once but no other drug use; 4,

other drug use at least once (see Kandel et al.,et al., 1996; Hindelang et al., 1981.)
1992).

Violence measures Common risk factors

We selected several common risk factors forWe examined the frequency of six forms of
violent behavior: carried a hidden weapon, drug use and violence based on the results of

our previous analyses (e.g., Loeber, Farring-strong arming, attacked with a weapon or with
intent to seriously hurt or kill someone, gang ton, Stouthamer–Loeber, & Van Kammen,

1998a,b). All measures were based on subjectfights, hurt or threatened to hurt someone to
have sex with you, and forced sex or at- self-report at Phase A (first follow-up) unless

otherwise noted. We included other problemtempted to. Frequency was the sum of the
number of times subjects engaged in all of the behaviors, such as frequency of property

crime (S plus A), number of times subjectsbehaviors in the scale during the last year. For
some analyses subjects were dichotomized engaged in sexual intercourse, and academic

achievement (assessed by parents, teachers,into the worst fourth (top 25% in terms of fre-
quency) versus the rest. and subjects at S and A). Within the psycho-

logical domain we included depressed moodIn order to assess severity of violence, we
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and hyperactivity–impulsivity–attention prob- modeling of individual growth curves was
based on the method of orthogonal polynomi-lems (assessed by the parent and teacher at S

and A). In the family domain, we included als (Cohen & Cohen, 1983). Because we were
interested in change over time, we chose thepoor communication with parents (assessed

by the subject and parent) and poor supervi- first-order polynomial, which represents the
linear trend. This trend indicates the rate andsion by parents (assessed by the subject and

parent). Finally, we included a measure of bad direction of change (i.e., increases and de-
creases across the total time period). Theneighborhood (assessed by the parent). (For

greater detail on these measures see Loeber et weights for the equation (see Results below)
were based on orthogonal polynomial codingal., 1998a,b.)
for six test occasions with equal (1-year)
spacing between test occasions (Cohen & Co-

Analyses
hen, 1983, table 6.3.1, p. 243). (For greater
detail, see White, Bates, & Labouvie, 1998.)As stated above, we combined the first (S)

and second (A) phases, the third (B) and
fourth (C) phases, and the fifth (D) and sixth

Results
(E) phases in order to assess subjects on a
yearly basis. For frequency items we summed

Prevalence and frequency of substance use
the two combined phases, and for stage we

and violence
took the maximum value of the two phases.

Correlational analysis is one way to deter- Table 1 presents the prevalence rates for the
four violence stages. At each wave the major-mine the association between substance use

and violence. However, product moment cor- ity of subjects are in the no-violence level.
The no-violence group appears to increaserelations depend on normally distributed and

linearly related interval scales. If variables are somewhat from early to late adolescence.
While the no-violence group increases, theskewed or measured in a small number of cat-

egories, the maximum r that can result is sub- minor-violence group (i.e., fighting, weapons)
decreases (i.e., more subjects move from mi-stantially less than 1 (Farrington & Loeber,

1998). Given that substance use and violence nor violence to no violence over time). As
well, the strong-arming group decreases overare highly skewed, and the variance changes

in each measure over time, it is difficult to time. On the other hand, the serious-violence
group appears to remain relatively consistentinterpret correlation coefficients. In this study,

we dichotomized our measures and used odds in terms of numbers over time. Keep in mind
that these numbers do not necessarily repre-ratios in order to assess the associations be-

tween frequency of substance use and vio- sent the same subjects at each point in time.
The prevalence of drug stage over the 6-lence throughout adolescence. (For details on

the advantages of using dichotomized vari- year period is also shown in Table 1. There is
a decline in the no-use group with age fromables to measure associations, see Farring-

ton & Loeber, 1998.) The analyses of the con- age 14.25 until age 18.5 years. On the other
hand, the marijuana and other-drug groups in-current relationships are developmental in the

sense that they examine the cross-sectional as- crease with age. Because the drug-stage
groups are mutually exclusive, the changes insociations for the same subjects over time

from age 13.25 to 18.5 years in order to deter- the numbers of subjects in the alcohol group
reflect both movement of some subjects frommine whether the strengths of the associations

vary at different stages of adolescence. no use to alcohol only as well as other sub-
jects from alcohol only to other drugs. GivenFor the longitudinal association analyses

we used logistic regression for the frequency the very small number of other drug users, we
omitted other drugs and compared marijuanaassociations in order to allow comparisons of

odds ratios across analyses. In the longitudi- users with alcohol users in the analyses
below.nal analysis we were also interested in

changes within individuals over time. The Examination of trends in frequency for the
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Table 1. Prevalence (%) of violence stage and drug stage by age

Age

13.25 14.25 15.25 16.5 17.5 18.5

Violence stage
None 54 60 64 70 67 72
Minor 24 26 23 21 23 19
Moderate 13 7 5 3 2 1
Serious 9 7 8 7 9 8

Drug stage
None 44 57 50 42 38 23
Alcohol 46 31 34 43 34 41
Marijuana 8 8 11 12 24 31
Drugs 2 3 4 3 5 5

Figure 1. Mean frequency of alcohol use, marijuana use, and violence by age.

three behaviors demonstrates clear distinc- and do not level off by age 18.5 years. These
findings for age trends in delinquency andtions between substance use and violence.

Figure 1 presents the mean number of times drug use are consistent with other longitudinal
studies (e.g., Elliott et al., 1989; White,subjects engaged in violence and substance

use over the 6-year period. By middle adoles- 1997b).
cence (age 15.5 years), there is an increase in
the frequency of violent behavior with a level-

Concurrent associations between substance
ing off from age 17.5 to age 18.5 years. The

use and violence over time
overall linear trend for violence is significant
(p < .001) and positive indicating an increase In order to assess the concurrent associations

between substance use and violence, we ex-in the frequency of violence over the course
of the study. The linear trends for alcohol and amined the associations between frequency of

substance use and frequency of violence atmarijuana frequency are also significant (p <
.001) and positive. The frequencies of alcohol each year. For these analyses we divided sub-

jects into the worst quarter (approximately theand marijuana use increase steadily over time
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Table 2. Concurrent associations ity. We conducted a series of analyses of vari-
ance (for unequal cell size; SAS, 1990) to ex-between frequent alcohol and

marijuana use and violence amine violence-stage effects on alcohol and
marijuana use and drug-stage effects on vio-

Odds Ratios lence. Least-squares (LS) means (which are
generally used to compare groups of unequalAlcohol Marijuana
size) on alcohol use for the four violence-Age by Violence by Violence
stage groups are presented in Figure 2. Nonvi-

13.25 6.0 10.5 olent as compared to violent subjects report
14.25 5.8 5.5 the lowest frequency of alcohol use at each15.25 7.4 7.3

age. The moderate violent offenders (i.e.,16.5 4.2 5.5
those who strong-arm) report less alcohol use17.5 5.5 4.3

18.5 3.5 4.7 than either minor or serious offenders at all
ages except age 18.5 years (when there are

Note: Odds ratios were derived from two by only five subjects in the moderate group).two cross-tabulations in which frequency was
These differences are statistically significantdichotomized into the top 25% versus the rest.

All odds ratios are significant at p < .001 at ages 14.25, 15.25, and 16.5 years. There
are no significant differences between minor
and serious delinquents in terms of frequencytop 25%) versus all others for each of the

three frequency scales at each point in time of alcohol use except at age 13.25 years.
Overall these data do not support a linear rela-and examined the associations among these

behaviors in two-by-two cross-tabulations tionship between seriousness of violence and
frequency of alcohol use.(see Farrington & Loeber, 1998). The results

are presented in Table 2. The odds ratios Nonviolent subjects report the lowest lev-
els of marijuana use at each age, and seriously(ORs), all of which are significant, for fre-

quency of alcohol use and violence range violent offenders report the highest (see Fig-
ure 3). However, the seriously violent offend-from a low of 3.5 to a high of 7.4. They are

somewhat higher in early to middle adoles- ers differ significantly from the minor offend-
ers only at ages 15.25, 16.5, and 17.5 yearscence than in later adolescence, although they

are fairly consistent over time. Note how the and from the moderate offenders only at age
15.25 years. In addition, there are no signifi-associations between frequent alcohol use and

violence are the same as or lower than those cant differences between minor and moderate
offenders at any age. In general, once nonvio-for frequent marijuana use and violence.

Hence, these data indicate that frequent drink- lent youths are eliminated, seriousness of vio-
lent offending is not significantly related toers as compared to nondrinkers and light

drinkers are at least 3.5 times more likely to extent of marijuana use.
The LS means for violence frequency forbe frequently violent. Alternatively, the worst

violent offenders as compared to the other the drug stages are presented in Figure 4.
There is a significant linear relationship be-subjects are at least 3.5 more likely to drink

alcohol frequently and are at least 4 times as tween level of drug use and frequency of vio-
lence. At each age, nonusers report signifi-likely to frequently use marijuana. We con-

ducted these same analyses for prevalence of cantly less violence than alcohol only users
who report significantly less violence (exceptuse, and the findings were extremely similar.

(The results are not shown here but are avail- at age 17.5 years) than marijuana and other
drug users. In addition, marijuana-only usersable from the first author upon request.) Thus,

not only do substance use and violence co- as compared to other-drug users report signif-
icantly less violence at ages 13.25, 15.25, andoccur during adolescence, but also the extent

of involvement in one behavior is strongly re- 18.5 years. These findings suggest an asym-
metrical relationship between severity of vio-lated to the extent of involvement in the other.

For our second set of analyses examining lence and severity of substance use. Although
violent youths report more frequent use of al-concurrent associations, we looked at sever-
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Figure 2. Least-squares means on alcohol use for violence-stage groups by age.

Figure 3. Least-squares means on marijuana use for violence-stage groups by age.

cohol and marijuana than nonviolent youths, relationships, we examined the longitudinal
relationships between the frequency of vio-frequency of alcohol and marijuana use does

not vary significantly among different types lence and substance use at each age with the
frequency at the next. We conducted logisticof violent offenders. On the other hand, fre-

quency of violence increases as severity of regression analyses in which we examined
how well frequency of alcohol use and mari-drug use increases.
juana use could predict the frequency of vio-
lence the following year (controlling for cur-

Longitudinal associations between substance
rent frequency of violence) and how well

use and violence
frequency of violence could predict the fre-
quency of alcohol and marijuana use the fol-The analyses presented thus far have exam-

ined concurrent associations over time. We lowing year (controlling for current frequency
of alcohol and marijuana use), respectively.next examined longitudinal associations over

time. To further explore the symmetry of the For these analyses we divided subjects into
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Figure 4. Least-squares means on violence for drug-stage groups by age.

Table 3. Longitudinal associations between frequent alcohol and
marijuana use and violence

Odds Ratios

Alcohol → Marijuana → Violence → Violence →
Age Violence Violence Alcohol Marijuana

13.25 → 14.25 1.8* 3.1** 2.0* 1.1
14.25 → 15.25 2.3** 1.9 2.3** 2.6**
15.25 → 16.5 2.2** 1.6 2.0* 2.2*
16.5 → 17.5 2.2* 1.5 2.6*** 1.3
17.5 → 18.5 1.8* 1.7 1.4 2.9***
13.25 → 14.5–18.5 a 2.5*** 5.0*** 2.7*** 1.9*
13.25 → 14.5–18.5 b 2.2** 5.4** 2.4** 1.2*

Note: Odds ratios were derived from logistic regression analyses in which frequency was
dichotomized into the top 25% versus the rest. The alcohol and marijuana use to violence
analyses control for the frequency of current violence and the violence to alcohol and mar-
ijuana use analyses control for the frequency of current alcohol and marijuana use.
aThe alcohol and marijuana use to violence analyses control for the frequency of violence
at age 13.25 and the violence to alcohol and marijuana use analyses control for the fre-
quency of alcohol and marijuana use at age 13.25.
bThe alcohol and marijuana use to violence analyses control for the frequency of violence
at age 13.25 and the violence to alcohol and marijuana use analyses control for the fre-
quency of alcohol and marijuana use at age 13.25. All analyses control for the common
risk factors at age 13.25.
*p < .05. **p < .01. ***p < .001.

the top quartile versus the rest for frequency upon request.) The ORs are similar for fre-
quency of alcohol use to frequency of vio-of alcohol use, marijuana use, and violence at

each age. lence as for violence to alcohol use. The
strengths of the longitudinal relationships areThe ORs for the predictor variables are

presented in Table 3. (The ORs for the control fairly consistent over time, except for a lack
of a significant relationship from violence atvariables were omitted for ease of presenta-

tion and are available from the first author age 17.5 years to alcohol use at age 18.5
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years. For the most part, the ORs for mari- factors, frequent alcohol use (OR of 2.2) and,
especially, frequent marijuana use (OR of 5.4)juana use to violence are weaker than those

from violence to marijuana use. Most of the in early adolescence are strong predictors of
later frequent violence. Note also that hyper-marijuana use to violence relationships are

not significant. (Note, however, that some of activity–impulsivity–attention problems is
the only common risk factor that also signifi-the ORs for the alcohol and violence relation-

ship are significant, although not much cantly predicts later violence. Frequent vio-
lence in early adolescence also increases thegreater in magnitude than those for marijuana

and violence.) Hence, controlling for violence risk of later frequent alcohol use 2-fold when
common risk factors are included in thefrequency, marijuana frequency is not a very

strong predictor of later frequency of vio- model. Frequent sexual intercourse and poor
school achievement also predict later frequentlence. The one exception is that frequent mar-

ijuana use at age 13.25 years is a strong pre- alcohol use. Once one controls for common
risk factors, frequent violence does not signif-dictor of frequent violence the following year.

The next question concerned whether pre- icantly predict later frequent marijuana use,
although frequent sexual intercourse, frequentdictions applied when the outcome was aggre-

gated over multiple waves. In the second to property crime, and hyperactivity–impulsivi-
ty–attention problems do.last line of Table 3 we present the odds ratios

between frequency of violence at Phase SA For our final set of analyses we examined
the relationships between intraindividual(age 13.25 years) and the maximum fre-

quency of substance use in Phases B–K (ages changes in substance use and violence. We re-
gressed linear changes in alcohol use and14.5–18.5 years) and between frequency of

drug use at Phase SA and maximum fre- marijuana use on linear changes in violence
(controlling for initial levels of violence). Wequency of violence in phases B–K with con-

trols for the frequency of the dependent vari- also regressed linear changes in alcohol use
on changes in violence (controlling for initialable at Phase SA. The data indicate that those

adolescents who frequently use marijuana at level of violence and linear changes in mari-
juana use) and linear changes in marijuanaage 13.25 years have 5 times the risk of fre-

quent violence at some later age, whereas use on changes in violence (controlling for
initial level of violence and linear changes inthose who frequently drink alcohol at this

young age have only 2.5 times of the risk of alcohol use). Finally, we regressed linear
changes in violence on linear changes in alco-later frequent violence. Whereas the odds ra-

tios are similar for alcohol and violence in ei- hol and marijuana use (controlling for initial
levels of alcohol and marijuana use), respec-ther direction, for marijuana very early fre-

quent use is a much stronger predictor of later tively. To determine the linear changes for in-
traindividual change in violence and sub-frequent violence than very early frequent vi-

olence is of later frequent marijuana use. stance use intensity from Phase SA to Phase
K, we used the following formula derivedWe wanted to know if substance use and

violence remained predictive of each other from Cohen and Cohen (1983, Table 6.3.1, p.
243): Change = −5 (SA) − 3(BC) − 1(DE) +over time (from SA to BK) after controlling

for common risk factors. Thus, we repeated G + 3(I) + 5(K) for six equally spaced test oc-
casions. The results (unstandardized coeffi-these logistic regression analyses, not only in-

cluding the predictor variable and the depen- cients) are presented in Table 4.
Changes in each behavior are significantlydent variable at Phase SA but also including

the common risk factors at Phase SA to pre- (p < .001) related to changes in the other.
Hence, patterns of change in substance usedict the maximum frequency of each behavior

from Phases B–K. The odds ratios for the pre- and violence are reciprocally related during
adolescence. The coefficient for changes indictor variables are presented in the bottom

row of Table 3. (The rest of the odds ratios violence is larger for predicting changes in al-
cohol than changes in marijuana. The coeffi-are available from the first author upon re-

quest.) Even within controls for common risk cient for changes in alcohol use is not reduced
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Table 4. Longitudinal associations between mental covariation between substance use and
violence. The data indicated that the concur-linear changes in alcohol and marijuana use

and violence rent associations between alcohol use and vio-
lence were relatively strong throughout ado-

Unstandardized lescence. Frequently violent subjects had at
Regression least 3.5 the risk of using alcohol frequently,Model Coefficient

and, alternatively, frequent alcohol users had
Alcohol → violence (controlling at least 3.5 times the risk of being frequently

for violence) 0.21*** violent. For marijuana and violence the risk
Marijuana → violence was at least 4 times. Thus, in adolescence the

(controlling for violence) 0.21***
concurrent alcohol–violence relationship isViolence → alcohol (controlling
not specific (see Osgood, 1994; White,for alcohol) 0.35***

Violence → marijuana 1997b), and, if anything, in early adolescence
(controlling for marijuana) 0.26*** frequent marijuana use compared to frequent

Alcohol → violence (controlling alcohol use is more strongly related to concur-
for violence and marijuana) 0.17***

rent frequent violence. This finding is consis-Marijuana → violence
tent with the results of Derzon and Lipsey’s(controlling for violence and

alcohol) 0.09 (1999) meta-analysis, which found a strong
association between marijuana use and ag-

***p < .001. gressive behavior only in early adolescence.
The finding would also fit a model of conver-
gence between different problems at a youngsubstantially when linear changes in mari-

juana use are included in the model (from .21 age, representing the early developmental
stages of the emergence of a multiproblemto .17). On the other hand, the coefficient for

changes in marijuana use is no longer signifi- group of males (Loeber et al., 1998a), who
are probably at highest risk for serious sub-cant once changes in alcohol use are included

in the model. Hence changes in alcohol com- stance use, delinquency, and other problem
behaviors later on (Moffitt, 1993).pared to marijuana use appear to be a stronger

predictor of changes in violence. We also con- Our second question concerned whether
the strengths of the associations between sub-ducted these analyses controlling for the com-

mon risk factors used in the previous analy- stance use differed for frequency and severity.
The symmetry between substance use and vi-ses, and the coefficients remained virtually

the same. (These data are not shown here but olence varied with respect to severity. Type
or severity of violence was not related to fre-are available from the first author upon re-

quest.) quency of alcohol or marijuana use. Although
nonviolent subjects reported significantly
lower levels of substance use than violent of-

Discussion
fenders, there were few significant differences
between minor and serious violent offendersThe availability of repeated measurements

over 6 years in this study allowed us to exam- in their reported substance use. In fact, ado-
lescents who were involved in strong-armingine the developmental associations between

substance use and violence. As reported in (moderate level) reported less alcohol
involvement than those involved in gangprevious studies, we also found diverging pat-

terns of violence and substance use (Elliott et fighting or carrying a concealed weapon (mi-
nor level). Perhaps, gang activities involveal., 1989; White, 1997b). There was a slight

increase in the frequency of violence in mid- heavy drinking as well as fighting which
could account for the higher rates of alcoholdle to late adolescence and then a leveling off.

In contrast there was a large increase in the use among minor violent offenders (see Fa-
gan, 1993). Also, in order to be a successfulfrequency of alcohol and marijuana use at this

same time with no indication of a leveling off. armed robber, one needs to be careful and dil-
igent. Thus, it is possible that those adoles-We were also interested in the develop-
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cents who engage in strong-arming may avoid klenberg, Murphy, Murphy, & Pfefferbaum,
1981). Third, our observed association be-or limit their alcohol use (see Carpenter et al.,

1988). On the other hand, severity of drug use tween increases in marijuana use and in-
creases in violence became nonsignificantwas significantly related to violence. Mari-

juana and other-drug users were more once prior violence and alcohol use were
taken into account. Fourth, the association be-strongly involved in violence than alcohol-

only users, which supports other data suggest- tween marijuana use and violence may merely
reflect a selection effect in that those who ad-ing that polydrug users are at the greatest risk

for violence (see also Elliott et al., 1989; vance to marijuana use usually are those who
use alcohol heavily (Kandel et al., 1992) andWhite, 1997b). In other words, it may be the

onset or extent of multiple-substance use that also tend to be more aggressive (Derzon &
Lipsey, 1999). Fifth, penetration into poly-is the critical factor for the co-occurrence of

substance use and violence or other forms of drug use may be associated with a delinquent
lifestyle in which aggressive behavior is con-delinquency.

We also assessed symmetry in terms of doned. Finally, the need to purchase illicit
drugs may force the user to get involved inwhether substance use was a better predictor

of violence than violence was of substance the illegal drug distribution market, which is
associated with high rates of systemic vio-use. Relatedly we were interested in assessing

whether alcohol use compared to marijuana lence (see White, 1997a). It is, therefore,
probable that what we are seeing is a selectionuse was a better predictor of violence. The

answer to the first question differed depend- effect (i.e., that marijuana use at the start of
adolescence is atypical and merely helps toing on the substance. In the longitudinal fre-

quency analyses reciprocity was observed be- identify a group of males who are at high risk
for several serious outcomes, including vio-tween alcohol use and violence. In contrast,

violence was a slightly better predictor of lence; Loeber et al., 1998a). Yet, as subjects
age, marijuana use becomes more normativemarijuana use than marijuana use was of vio-

lence (although the predictive strength was and, hence, less predictive of more deviant
behaviors such as violence.relatively weak in either direction). Finally,

although the concurrent associations were In contrast, the longitudinal associations
between alcohol use and violence remainedgenerally stronger for marijuana and violence

than for alcohol and violence, the longitudinal strong even when we controlled for earlier
marijuana use and were stronger, in general,associations were opposite. In general, alco-

hol compared to marijuana use was a better than those between marijuana and violence
(except marijuana use at age 13.25 years).predictor of later violence. There was one ex-

ception to these generalizations: the strongest Thus, these developmental finding are consis-
tent with short-term findings from acute labo-longitudinal association observed was be-

tween frequent marijuana use at age 13.25 ratory studies (Miczek et al., 1994). Yet, these
associations were symmetrical, suggesting ayears and later frequent violence (see Der-

zon & Lipsey, 1999). reciprocal relationship between heavy alcohol
use and violence (i.e., that each behavior rein-However, we do not consider our finding

of a relation between early marijuana use and forces the other; see White, 1997b). Hence,
our data do not support a unidirectional causallater violence as indicating a causal associa-

tion, for the following reasons. First, as men- association between heavy drinking and sub-
sequent violence. Rather, other more compli-tioned before, studies on acute effects in labo-

ratory studies have found that marijuana is not cated mediation and moderation models are
probably more applicable to the alcohol–vio-strongly associated with aggression, and, in

fact, moderate doses reduce aggression (Mic- lence relationship (Pernanen, 1981). For ex-
ample, the developmental associations proba-zek et al., 1994). Second, in a study of adoles-

cents who were adjudicated for a violent bly occur because heavy-drinking individuals
compared to less heavy drinkers or abstainerscrime, marijuana was selected as the drug

most likely to decrease assaultiveness (Tin- are more likely to emerge from those who al-
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ready are somewhat higher in prior aggression dence are all factors that could preclude reen-
try into a nondeviant trajectory. Because we(Lang, 1993). In addition, heavy drinkers of-

ten select settings such as bars in which other did not control for every potential common
risk factor, it is possible that we may haveinebriated individuals tend to congregate and

in which interpersonal conflicts are more excluded some important risk factor that may
have accounted for the entire relationship be-likely to occur and to escalate to violence (Fa-

gan, 1993). Finally, chronic intoxication may tween substance use and violence. However,
this is unlikely given that we included predict-contribute to subsequent aggression due to

factors such as withdrawal, impairment of ors from each of the important domains.
It was interesting that most of the hypothe-neuropsychological functioning, or enhance-

ment of psychopathologic personality disor- sized common risk factors were not predictive
of violence or drug use once earlier violenceders (White, 1997b).

Although we believe that our findings do and drug use were taken into account. The
only exceptions were that early hyperactiv-not support a causal association between drug

use and violence, they also do not support a ity–impulsivity–attention deficit problems re-
mained a significant predictor of later vio-spurious, common cause model. That is, the

relationships remained strong even when lence and marijuana use; early sexual
behavior continued to predict marijuana andcommon risk factors were controlled. There-

fore, there is a relationship between drug use alcohol use; school failure predicted alcohol
use; and involvement in property crime pre-and violence that transcends their common

risk factors. This relationship appears to be dicted marijuana use.
We also assessed how changes in one be-reciprocal. Early drug use predicts later vio-

lence, but violence also predicts later drug havior affected changes in the other and found
significant associations between changes inuse, especially alcohol use. We can only spec-

ulate on reasons for this association. It may substance use and changes in violence over
time. There was reciprocity in terms ofbe that early involvement in the most deviant

behaviors such as multiple-substance use and changes in one behavior affecting changes in
the other. Further, the results suggested thatviolence place an individual into a develop-

mental trajectory that escalates and becomes changes in alcohol use compared to marijuana
use were more predictive of changes in vio-more deviant over time (Moffitt, 1993). These

individuals may become part of a deviant sub- lence. These results suggest that as severity of
deviance in one domain increases, the severityculture in which their continued frequent drug

use and violence are reinforced. It should be of deviance in another domain also increases.
We postulate that this process reflects the fur-noted, however, that when we controlled for

the number of deviant peers (i.e., those who ther winnowing of the multiple-problem
group from less deviant groups of males dur-were delinquent and used drugs) in the analy-

ses presented in Table 3, the findings were ing adolescence.
The study has several limitations. Sub-almost identical to those shown in Table 3.

Deviant peers predicted later violence, but not stance use and violence, although repeatedly
assessed, were measured at yearly intervals,substance use. We chose to exclude deviant

peers in the final analyses because one could which could not elucidate the more proximal
moment-by-moment interactions betweenargue that friendship with deviant peers is a

result of the prior deviance (i.e., selection) substance use and violence. Nor could we as-
sess the pharmacological effects of drug userather than a predictor of deviance (i.e., so-

cialization; see Kandel, 1996, for a review). on violent activity. For that purpose, we plan
to analyze subjects’ self-reports on the effectsOther factors besides deviant peers, however,

could account for the escalation of a deviant of substance use on them and the degree to
which they used substances close to the com-career trajectory. For example, negative con-

sequences resulting from deviance (such as mission of delinquent acts. Thus, the study
was restricted to relatively broad develop-arrest or school failure), involvement in drug

dealing, or the development of drug depen- mental trends between substance use and vio-
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lence. Second, both substance use and vio- abuse (Hawkins, Catalano, & Brewer, 1995).
We cannot describe all the effective programslence were measured by self-reports, rather

than by independent measurements. Third, the here, but we can suggest some effective ele-
ments (for reviews, see Brewer et al., 1995;study did not distinguish between temporary

and persistent problem behavior. Gorman, 1996; Gorman & Speer, 1996;
Hawkins, Arthur, & Catalano, 1995; Haw-Despite the limitations of the study, the

present findings clearly support a develop- kins, Catalano, & Brewer, 1995; Loeber &
Farrington, 1998; Reiss & Roth, 1993; To-mental approach to the substance use–vio-

lence link and suggest that this association lan & Guerra, 1994; Tremblay & Craig,
1995). The general consensus is that (a) pre-can be better understood when individual dif-

ferences over time are taken into account, par- vention approaches need to be developmental
due to the fact that risk factors differ over theticularly by distinguishing between different

risk groups. This means that future research life course, (b) early prevention is needed, (c)
working with parents or soon-to-be parents isneeds to focus on persistent problem behavior

as distinct from occasional problem behavior advantageous, (d) programs should be aimed
at multiple risk factors, and (e) continuityor experimental substance use (see Labou-

vie & White, 1998; White et al., 1998). We from birth into adolescence is important
(Brewer et al., 1995; Hawkins, Catalano, &have started to undertake such analyses in a

separate report, which focuses on persistent Brewer, 1995; Tremblay & Craig, 1995). Al-
though less well evaluated, some societal-substance users as a function of persistent de-

linquency, persistent internalizing problems, level approaches seem worthwhile, including
reducing exposure to violence in the media,and attention deficit–hyperactivity disorder

between ages 7 and 18 years, and which at- reducing access to lethal firearms, and chang-
ing norms regarding alcohol use (Hawkins,tempts to clarify better the emergence of

multiproblem males (Loeber, Stouthamer– Arthur, & Catalano, 1995; Tolan & Guerra,
1994). In contrast, most peer programs haveLoeber, & White, 1999). It is reasonable to

expect that these multiproblem youths will be not been effective for violence (Brewer et al.,
1995; Tolan & Guerra, 1994) or substanceleast likely to make successful transitions into

adulthood and most likely to develop full- abuse (Gorman, 1996). Many of the current
prevention programs have not been properlyblown substance abuse or psychopathology in

adulthood (White & Labouvie, 1994). We an- evaluated, and when they have been, data are
weak (Tolan & Guerra, 1994). Nevertheless,ticipate that the present paper and the papers

that will follow will help clinicians to better the existing data from well-evaluated pro-
grams are optimistic. That is, early childhoodidentify at an early stage those youth at risk

for multiple-problem behaviors and to focus prevention has had a positive effect in reduc-
ing the risk factors for later violence and sub-early interventions on this high-risk group es-

pecially. stance abuse (Tremblay & Craig, 1995). Yet,
more research is needed to identify those in-Prevention experts have argued that efforts

to prevent violence and substance abuse terventions which will be most successful
with multiproblem youth.should be combined because the risk factors

for violence overlap with those for substance
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