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Abstract

Background—The role of testosterone in the development of behaviors presaging cannabis use
and subsequently cannabis use disorder was investigated in a prospective study of 208 boys. It was
theorized that adverse neighborhood correlates with testosterone level that in turn potentiates
behaviors predisposing to cannabis consumption and subsequently diagnosis of cannabis use
disorder.

Methods—~Proportion of boarded-up dwellings in the 1990 census tract and testosterone level were
recorded at baseline (age 10-12), followed by assessments of assaultiveness and testosterone level
(age 12-14), social dominance/norm-violating behavior (age 16), cannabis use (age 19), and cannabis
use disorder (age 22).

Results—Percent of vacant dwellings correlates with testosterone level that in turn predicts
assaultive behavior sequentially leading to social dominance/norm-violating behavior, cannabis use,
and cannabis use disorder. Externalizing behaviors and cannabis use disorder are not directly
predicted by neighborhood quality.

Conclusion—Elevated testosterone level intermediates the association between neighborhood
adversity and aggressive socially deviant behaviors presaging cannabis use and cannabis use disorder.
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Introduction

Emerging findings point to an association between level of androgens and substance abuse.
High testosterone level has been documented, for example, in substance abusing youths (1),
the early age onset antisocial variant of alcoholism (2), adolescent boys whose fathers qualify
for diagnosis of substance use disorder (SUD (3), and adolescent boys who subsequently
develop SUD (4). Whereas “leadership, toughness, personalized power and aggressive
dominance” have been concluded in a comprehensive review to reflect the psychosocial
orientation of males having high testosterone level, albeit within the normal range (5), little is
known regarding whether this androgen accounts for significant variance on motivational style
predisposing to SUD.

Social potency, evinced as forceful decisive leadership, has significant heritability(6). This
trait is more strongly expressed in adolescent offspring of SUD men compared to youths whose
fathers do not have SUD (7). Notably, Reynolds et al. (4) observed that testosterone level in
10-12 year old boys predicts social potency 4-6 years later which, in turn, predicts drug use
frequency and subsequently SUD diagnosis by young adulthood. In a follow-up study on an
expanded sample, Tarter et al. (8) showed that testosterone level in 10-12 year old boys predicts
the score on a trait termed social dominance norm-violating behavior at age 16 that, in turn,
predicts SUD by age 22. Moreover, sexual maturation, indexed by Tanner stage and
testosterone level, predicts sensation seeking behavior predisposing to SUD (9). Considered
in aggregate, these findings indicate that elevated testosterone level is associated with
behaviors that amplify risk for developing SUD.

Notably, reciprocal prediction has been observed between testosterone level and affiliation
with socially deviant peers during adolescence (3). In addition, young males domiciling in an
economically disadvantaged neighborhood who have high testosterone level have been
observed to evince aggression as a strategy to assert social dominance (10). Significantly,
empirical findings in humans (11) and other primates (12) demonstrates that testosterone level
is elevated in males who are embedded in an environment featured by diminished resources
and concomitantly greater interpersonal competition. Whether significant variance in
aggressivity, which has been frequently shown to predispose to substance abuse (13,14), is
accounted by androgen level has yet to be investigated.

Youth having elevated testosterone level, and associated motivational style of dominance
striving and low adherence to social norms, have recently been shown to be at elevated risk to
initiate and habitually use drugs (8). Paralleling these findings, it has also been reported that
popularity ratings and approval by peers are higher in substance using youths (15,16,17),
although the causal direction underlying this association remains to be clarified. In
disadvantaged neighborhoods collective efficacy is low (18) tolerance of social deviancy is
high (19), and illegal drugs are more readily available. It has been reported, for example, that
cocaine is offered to youths domiciling in poor neighborhoods up to 5.6 times more frequently
than in optimum neighborhoods (20).

Joining these disparate lines of research, it was hypothesized that physical quality of the
neighborhood is correlated with testosterone level that in turn is a predictor of assaultive
behavior and social ascendance leading to cannabis use and diagnosis of cannabis use disorder.
Figure 1, depicting the theoretical model guiding this investigation, illustrates the interplay of
neighborhood context, testosterone level and behavior development culminating in cannabis
use disorder. In view of the strong association between disadvantaged neighborhood and high
prevalence of illicit drug use and addiction (21,22), this longitudinal investigation sought to
clarify whether neighborhood adversity accounts for variance on testosterone level that in turn
potentiates behaviors predisposing to cannabis use and ultimately diagnosis of cannabis use
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disorder. Significantly, cannabis use disorder peaks at approximately 17-18 years of age
(23); hence, tracking youths from childhood to young adulthood in this investigation provided
the opportunity to delineate the developmental trajectory through the main period of risk.

Methods

2.1 Participants

The boys were ascertained through their fathers (probands) who either qualified for SUD
consequent to use of an illicit drug (N = 126) or had no adult psychiatric disorder (N = 194).
Previous reports have described the ascertainment criteria and recruitment procedures (3,4).
Socioeconomic status of the men was, on average, middle class commensurate with
completeing 13.8 (SD = 1.1) years of education.

The boys were enrolled between 1990-1996. Baseline evaluation was conducted when the
subjects were 10-12 years of age and follow-up assessments were performed at 12-14, 16, 19
and 22 years of age. By age 22, the prevalence of dependence on marijuana has peaked (23);
thus assessing outcome at this age captures the at-risk population. Prior to study, the boys
underwent an examination conducted by a registered nurse to determine the presence or history
of neurological injury, physical disability, uncorrectable sensory impairment, or fetal alcohol
effects. Youths evincing any of these disorders were excluded from study. The boys were
required to have a full scale WISC-I11-R 1Q of at least 80 and ability to read and speak English.
At the time of baseline evaluation, 86.1% of the boys lived with both parents, 8.6% with the
mother only, 2.4% with the father only, and 2.4% lived part time with each divorced parent.

From a baseline sample of 330, 208 boys underwent all four follow-up evaluations. As can be
seen in Table 1, no differences are observed between retained and attrited subjects on

socioeconomic status using Hollingshead criteria (24), grade in school, ethnic distribution, and
the two predictor variables (neighborhood quality, testosterone level). Full scale 1Q is six points
lower in the attrited subjects; however, both groups score in the normal range of intelligence.

2.2 Measures
BASELINE (age 10-12)

2.2.1 Neighborhood Quality: The proportion of abandoned and boarded-up dwellings
quantified quality of the physical environment. The home address was geocoded and matched
to 1990 census tracts using ArcView 9.1 software (25). Because census data are collected every
ten years, this information was recorded one time to characterize neighborhood quality during
the transition from childhood to adolescence. The number of boarded-up units was recorded
and divided by the number of units in the census tract (26). The mean number of vacant
dwellings was .01 (SD =.03).

2.2.2 Testosterone: Blood for testosterone determination was collected at 8:30 a.m. The serum
was analyzed in triplicate by radioimmunoassay using DSL-4000 Active kits (Diagnostic
Systems Laboratories). The mean plasma testosterone concentration in the sample was 1.43
ng/ml (SD= 1.8). The intra-assay and inter-assay coefficient of variation were respectively
6.9% and 8.1%. The assay detection level was 0.08 ng/ml.

FIRST FOLLOW-UP (age 12-14)

2.2.3 Assaultive Behavior (age 12-14): It was hypothesized that assaultive behavior at age
12-14 portends social dominance/norm-violating behavior at age 16. Accordingly, the
Assaultiveness Scale of the Hostility-Guilt Inventory, having superior reliability (alpha = 82)
and validity was self-administerd (27). The items comprising this self-administered scale are:
1) I only hit back once in a while, even if someone hits me first; 2) Once in a while | cannot
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control my wanting to harm others; 3) | cannot think of a good reason for ever hitting
anyone; 4) Whoever makes fun of me or my family is asking for a fight; 5) People who are
always bugging me are asking for a punch in the nose; and, 6) When I really get mad, | am
able to hit someone. Each item is scored 0 or 1. The sample obtained a mean score of 2.54 (SD
=1.6).

2.2.4 Testosterone: The same data collection and analysis procedures used at baseline were
employed in this assessment. Mean testosterone level of the sample was 3.09 ng/ml (SD = 2.2).

SECOND FOLLOW-UP (age 16)

2.2.5 Social Dominance/Norm-Violating Behavior (SD/NVB): This trait, previously shown
to mediate the association between testosterone level and SUD (8) was derived using three
self-report questionnaires: 1) Social Potency scale of the Multidimensional Personality
Questionnaire (28); 2) Peer Delinquency Scale (29); and, 3) Perception of Problem Behavior
Scale (30). A principal component analysis yielded a one- factor solution accounting for 40%
of the variance. The factor loading of each scale was significant beyond the .01 level: social
potency =.54; perception of problem behavior =.60; and, peer delinquency =.74. The score on
this trait thus reflects a disposition toward forceful leadership in conjunction with low
adherence to societal norms of behavior.

THIRD FOLLOW-UP (age 19)

2.2.6 Cannabis Use: The revised Drug Use Screening Inventory (DUSI-R) (31) assessed
frequency of cannabis use during the 30 days prior to assessment. Reliability and validity have
been previously documented (32,33). Measuring cannabis use provides the opportunity to
determine whether consumption mediates the association between SDNVB and cannabis use
disorder.

OUTCOME ASSESSMENT (age 22)—Because the fathers were ascertained according to
SUD consequent to use of an illegal drug, it is important to focus on the same outcome in their
sons. However, apart from cannabis use disorder, the rates of other categories of SUD were
too low to conduct statistical analysis. Diagnosis was based on results obtained from an
expanded version of the Structured Clinical Interview (SCID)(34) using previously described
procedures (35). Current and lifetime diagnoses were consensually formulated by a committee
chaired by a psychiatrist, and consisting also of another psychiatrist or psychologist and the
clinical associates who conducted the interviews. The rate of cannabis use disorder in the
sample was high (27%), consistent with using the high risk family paradigm.

2.3 Procedure

Recruitment was conducted using print and radio advertising, public service announcements
and random digit telephone calls. Approximately 20% of the SUD+ men were recruited from
treatment facilities. The same procedure was used to recruit SUD— proband fathers except that
none were acquired from treatment facilities.

Informed consent was obtained from the parents and assent was obtained from their 10-12
year old son in private sound-attenuating rooms using the procedure approved by the University
of Pittsburgh IRB. Informed consent was obtained from the boys at 19 and 22 years of age.
All of the subjects enrolled in this project were reviewed semi-annually by CEDAR’s Data
Safety and Monitoring Committee, which includes a senior University attorney, to ensure that
the protocols were administered within the approved guidelines, and in compliance with
requirements to protect the safety and confidentiality of the participants. Privacy was also
protected by a Certificate of Confidentiality issued to the Center for Education and Drug Abuse
Research (CEDAR) by the National Institute on Drug Abuse. Before initiating the evaluations,
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the boys underwent a breath alcohol test and urine analysis to screen for drug metabolites. A
positive finding required the subject to be rescheduled. Upon completion of the test session,
each family member was debriefed and financially compensated.

2.4 Statistical Analysis

Results

Path analysis was utilized to elucidate the relation between neighborhood quality and
testosterone level, assaultive behavior, social dominance/norm-violating behavior, cannabis
use, and cannabis use disorder. The etiological model was tested with Mplus (36) using the
weighted least square parameter estimation method with diagonal weight matrix and robust
standard errors. Mediated paths were tested using the method described by Sobel (37). All of
the variables used in the path analysis were manifest variables. Significant improvement of
model fit was not observed when SES and ethnicity were included in the model; therefore,
these latter variables were deleted.

In addition, the temporal sequence of the variables as a causal model was tested using Directed
Acyclic Graph (DAG) analysis (38,39). This procedure involved testing the equality of two
competing models: a model with direct causal effects only vs. a model with direct and indirect
effects. The likelihood ratio test determined model-data fit.

The results, depicted in Figure 2, reveal good model-data fit (2 = 7.41, df = 7, p =.23, RMSEA
=.01) compared to the null model. As can be seen, there is a direct path between percent of
empty dwellings in the subject’s census tract when he was 10-12 years old and cannabis use
frequency measured at age 19. In another pathway to cannabis use, empty dwellings was a
significant predictor of testosterone level when the boys were 10-12 years of age (baseline)
which, in turn, predicted assaultive behavior two years later age 12—-14) leading to social
dominance/norm-violating behavior (age 16) and subsequently cannabis use (age 19) and
cannabis use disorder (age 22). Notably, testosterone level at age 10-12, predicted
assaultiveness and testosterone level at age 12-14; this latter variable also correlated with
assaultive behavior at age 12-14. In effect, assaultive behavior, a direct predictor of cannabis
use disorder 8-10 years later, was predicted by and contemporaneously correlated with
testosterone level.

Assaultive behavior at age 12-14 also predicted social dominance/norm-violating behavior 2—
4 years later that in turn predicted cannabis use disorder by age 22. Moreover, assaultive
behavior at age 12-14 mediated the association between testosterone level at age 10-12 and
social dominance/norm-violating behavior at age 16 (f =.02, z = 2.46, p<.05). The significant
relationship between testosterone and social dominance/norm-violating behavior ( =.14,z =
1.99, p =.05) was reduced to a non-significant path (B =.002, z =.06, p.95) in the full model.
These results demonstrate that a social motivation style featured by dominance striving in
conjunction with low adherence to social norms segues from high testosterone level through
assaultive behavior.

Testosterone level at ages 12-14 predicted social dominance/norm-violating behavior at age

16 that, in turn, predicted both cannabis use frequency at age 19 and cannabis use disorder by
age 22. Notably, the score on the social dominance/norm-violating trait mediated the relation
between assaultiveness at age 12—-14 and frequency of cannabis use at age 19 (f =.05, z = 3.07,
p<.01). The strength of the relationship between assaultiveness and cannabis use was reduced
from g =.17 (z=3.88, p<.01) to p =.07 (z=1.86, p =.06) in the full model. Moreover, cannabis
use at age 19 mediated the association between social dominance/norm-violating behavior and
cannabis use disorder (§ =.08, z = 3.80, p <.01). A significant reduction was observed in the

magnitude of the path coefficient from p =.36 (z=5.08, p<.01) to f =.24 (z=4.37,p<.01) in
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the full model. These results, in aggregate, demonstrate that high testosterone level concomitant
to poor quality neighborhood is a significant predictor of cannabis use disorder mediated by
assaultiveness and social dominance/norm-violating behavior.

The results of the likelihood ratio test (2 = 6.69, df = 3, p =.08) following the Directed Acyclic
Graph (DAG) analysis confirmed the causal linkage of the variables depicted in Figure 1.
Cannabis use disorder is caused directly by cannabis use (CU), social dominance/norm-
violating behavior (SDNVB), and assaultive behavior (AS), but not by neighborhood quality
(NQ) and testosterone level at either 10-12 and 12-14 years of age (T1, T2); that is, Pr(CUD|
CU,SN,AB) = Pr(CUD|CU,SN,AB,NQ,T1,T2). Cannabis use was directly caused by
neighborhood quality and social dominance/norm-violating behavior but not by testosterone
and assaultiveness (x2 = 3.71, df = 3, p =.29). Commensurate with the main hypothesis of this
study, social dominance/norm-violating behavior was directly caused by testosterone at age
12-14 and assaultive behavior, but not neighborhood quality or testosterone at the earlier age
10-12 (%2 = 1,38, df = 2, p =.50).

Lastly, a post hoc analysis was conducted to determine whether testosterone level and
neighborhood quality interact to determine severity of the score on the assaultive behavior
scale. Although the theoretical model guiding this study specified a direct temporal pathway
in which each variable leads to the next variable in the sequence (see Figure 1), it is informative
to also clarify whether the variables have an interactive relationship at the outset of the etiologic
trajectory. The results of this analysis yielded, however, no significant interaction ( =.11, SE
=.07,t=1.49, p = NS).

Discussion

Proportion of boarded-up dwellings in the neighborhood is a significant predictor of cannabis
use frequency up to nine years later. Moreover, this indicator of disadvantaged neighborhood
correlates with testosterone level that, in turn, predicts assaultive behavior presaging cannabis
use disorder directly as well as mediated by social dominance/norm-violating behavior. Living
in an adverse neighborhood thus predicts cannabis use and biases behavior development to
cannabis use disorder viaamplified testosterone production. This finding points to an important
role of androgenic mechanisms intermediating the previously documented association between
disadvantaged neighborhood and substance use (40) and externalizing behavior problems
(41).

It is interesting to note that neighborhood quality did not directly predict assaultive behavior,
social dominance/norm-violating behavior, or cannabis use disorder. Based on these results, it
appears that adverse social environment alone is insufficient to account for these outcomes.
These findings do not play down the egregious influence of socioeconomic disadvantage, but
rather underscore the need to accommodate individual differences in androgenic mechanisms
found in this study that may underlie this relationship. Dwelling in a poor neighborhood is,
however, a significant predictor of frequency of cannabis use between ages 10-12 and 19. This
is not surprising considering the high availability of illegal drugs and reduced adherence to
societal norms in economically depressed communities (17,18,19).

Testosterone level influences risk for cannabis use disorder via assaultive behavior and a
psychosocial style featured by ascendance striving accompanied by low adherence to social
norms. What factors, however, account for the significant association between low
neighborhood quality and high testosterone level? A definitive answer to this question is
beyond the scope of the present data. Nevertheless, the empirical literature points to at least
four plausible mechanisms: First, a diverse array of evidence from research on humans and
other animals has documented an elevation of testosterone levels during competition for
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resources (see 5 for a review of the literature). Second, cannabis use is commonly initiated
during adolescence at which time the brain is undergoing extensive reorganization of cortical
circuitry. Gonadal steroid hormones are integrally involved in this process of neuromaturation
(42). In effect, chronic stress and real and perceived physical threat in disadvantaged
neighborhoods result in greater production of gonadal steroids which, in turn, influences
neurological development. In addition, androgens, including testosterone, modulate HPA
response through inhibitory mechanisms, and are thought to modulate the firing of central
arginine vasopressin neurons originating in the extended amygdala which coordinate emotional
reactivity and behavioral stress responses (43). Accordingly, socially ascendant norm-violating
behavior may be a motivational style resulting from chronic adaptation of biological stress
responses systems. Notably, one of the most powerful predictors of adolescent alcohol and
drug use is perceived stress (44,45). Several studies have demonstrated that stress can predate
adolescent substance use behavior, and that perceived stress can enhance already existing drug
experimentation (46,47,48). Lastly, in socioeconomically depressed neighborhoods, masculine
honor that is evinced physically in response to threat may potentiate youths with high
testosterone levels toward overt aggressive behavior. It has been found, for example, that causes
alarger increase in testosterone level among men whose culture places high value on masculine
honor. Cohen and colleagues (49) observed a sharper increase in testosterone level following
an insult among US southern college students compared to northern students. Associated
changes in psychological state included feelings of dominance and anger. Thus, several
possible interrelated mechanisms may underlie the association between disadvantaged
neighborhoods and elevated testosterone level. In view of the high rates of addiction and
antisocial behavior in poor neighborhoods, it can be concluded that research aimed at clarifying
the mechanisms underlying the association between androgens and adverse social environment
is informative for understanding the etiology of these disorders.

Inasmuch as the sample was ascertained through proband fathers who either qualified for SUD
consequent to use of illicit drugs or had no axis | psychiatric disorder, it is important to
determine whether the results were related to paternal disorder. Post hoc comparisons of boys
having SUD+ and SUD- fathers using one-way ANOVA revealed a higher rate of marijuana
use in the former group. However, sons of SUD men were not different from sons of
psychiatrically normal fathers on any other variable, namely neighborhood quality,
testosterone level, assaultiveneess scale score, and the score on the social dominance/norm-
violation trait. Significantly, the absence of a difference between these two groups of children
on testosterone level suggests that the genetic factors involved in the risk for SUD cannot
account for the variation in concentration of this hormone.

The pathway to cannabis use disorder, involving the interplay of social context, hormonal, and
psychological factors underscores the difficult challenge of designing and implementing cost-
effective prevention programs. The observation that there is a direct association between
neighborhood quality and future cannabis use, complemented by the demonstration that there
is an association between adverse environment and amplification of testosterone level that
potentiates behaviors predisposing to cannabis use disorder, illustrates the importance of
upgrading economically distressed communities for SUD prevention. In view of findings
indicating that interpersonal competition promotes testosterone production (5,11,12), it is
plausible to theorize that increasing economic opportunities would, therefore, attenuate
dominance striving concomitant to elevated testosterone level, and accordingly the motivation
to consume illicit drugs inasmuch as consumption is associated with enhanced social status
(15,16;17). Furthermore, the present results demonstrate that effective prevention necessarily
requires joining intervention methods directed at both individual and environment components
of risk. Whereas interventions directed at enhancing the neighborhood have positive impact
on reducing crime and drug use (18), the findings in this study underscore the need to engineer
specific changes in the environment that buffer the risk of acquiring behaviors which augment
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the liability to develop SUD. Related to this issue, it is noteworthy that only four boys admitted
to belonging to a gang at the time of baseline assessment, indicating that the results reported
herein are not confined to the extreme segment of the population.

Certain limitations of this study are noteworthy. Importantly, the findings are confined to males.
It is also noteworthy that neighborhood quality, indexed by proportion of boarded-up and
abandoned dwellings, was assessed only at baseline. In addition, the developmental trajectory
described in this study does not preclude the importance of other individual and contextual
factors which have been shown to impact on risk. Notably, post-hoc analyses of other
environment factors documented in the census revealed that only percentage of African-
American males in the neighborhood correlated significantly, albeit with low strength (r =.13;
p <.01), with testosterone level. Social contextual factors such as percent of households headed
by a woman, percent of families below the poverty level, and percent unemployment were not
related to testosterone level in the boys. Accordingly, the possibility cannot be entirely
discounted that the association between testosterone level and only one variable, namely,
vacant dwellings, may be spurious. More likely, the finding is valid considering that easy access
to vacant dwellings allows illicit drugs to be consumed alone or with peers, with low risk of
apprehension by police. Clearly, additional research is required to elucidate the role of the built
environment on the relation between biological mechanisms and overt behavioral
manifestations predisposing to substance use disorder. Nevertheless, results reported by Schaal
et al. (10) and the findings obtained herein indicate that behaviors biasing the development of
externalizing disturbances are presaged by neighborhood adversity and high androgen level.
This study additionally observed that a distal outcome a decade or more later is cannabis use
disorder.

In summary, proportion of boarded-up dwellings in the neighborhood is a significant predictor
of frequency of cannabis use. Disadvantaged neighborhood is also associated with high
testosterone level in 10-12 year old boys that in turn predicts as well as correlates with
assaultive behavior presaging social dominance norm-violating motivation leading to cannabis
use and cannabis use disorder. This heretofore unrecognized etiological pathway illustrates the
need for prevention strategies that utilize intervention methods which promote normative
biobehavior development in conjunction with interventions directed at ameliorating the
contextual contribution to risk. Furthermore, the observation that cannabis use mediates the
relation between social dominance/norm-violating behavior and cannabis use disorder
indicates that the liability for this latter disorder encompasses the dual features of deviancy
proneness and social ascendance.
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Developmental trajectory to cannabis use disorder
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