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Abstract

Employing a prospective paradigm, this investigation derived the childhood phenotype and the
environtype associated with risk for cannabis use disorder. Two hundred and sixteen boys were
evaluated between age 10-12 on a comprehensive protocol using self, mother, and teacher reports
and followed-up at ages 19 and 22 to determine the presence of cannabis use disorder. The
Transmissible Liability Index (TLI) and Non-Transmissible Liability Index (NTLI) were derived
using item response theory. Logistic regression was conducted to evaluate the accuracy of the
indexes, singly and in combination, to predict cannabis use disorder. The TLI and NTLI together
predicted with 70% and 75% accuracy cannabis use disorder manifest by age 19 and age 22.
Sensitivity was 75% at both ages 19 and 22, whereas specificity was respectively 51% and 64%. The
findings pertaining to sensitivity indicate that SUD risk for cannabis use disorder can be screened in
childhood; however, the specificity scores demonstrate that a low score on the TLI does not inevitably
portend a good prognosis up to 10 years later.

Cannabis is the most frequently used illicit drug. Huge expenditures and intensive effort are
accordingly directed at reducing prevalence of consumption through interdiction; criminal
prosecution; crop poisoning; and family-, school-, and community-centered prevention
programs. These efforts notwithstanding, the prevalence of cannabis use is high, and currently
is essentially the same as two decades ago. In 2006, the annual prevalence was 31.5% among
high school seniors compared to 33.1% in 1988,1 when the Office of National Drug Control
Policy was established.

Experimentation with drugs during adolescent development does not invariably portend an
adverse outcome.? Regular cannabis users, however, have elevated rates of psychiatric
disorder. Notably, the rates of anxiety and depression dlsorders are as high as 31% and 46%
among adolescents who have used cannabis at least 10 times.3 Evidence has also been accrued
that indicates that habitual cannabis use amplifies the risk for gsychosm Whereas lifetime
prevalence of cannabis dependence in the populatlon is 4.2%,° up to 90% of affected
individuals have a co-occurring mental disorder.6 The epidemiological findings underscore
both the importance and difficulty of detecting high risk youths.

One method of identifying high risk youths is based on the observation that children whose
parents have substance use disorder (SUD) are 47 times more likely to also develop SUD. 7
However, parental history as a method of detecting high risk youth is appropriate for
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characterizing a sample, not a quantification of risk status of individuals. Another strategy
involves identifying youths according to presence of a psychiatric disorder (eg, conduct
disorder) that commonly precedes first drug exposure.” A major drawback to this approach is
that the psychiatric characteristics in childhood, which are associated with heightened SUD
risk, span several diagnostic (:ategories.8 Hence, relying on this approach diminishes prediction
accuracy inasmuch as the various diagnostic categories contain elements of the liability to
develop SUD. A third strategy involves using a cutoff score on a psychological trait that is
known to be associated with amplified risk (impulsivity, risk taking, deviance proneness, etc.).
Insofar as many traits having varying salience predisposed to substance use disorder, this
approach similarly yields a high rate of misclassifying youths. In effect, the methods used in
research to study high risk youths are not applicable for estimating individual risk.

This project evaluated the accuracy of predicting cannabis use disorder, joining Falconer’s?
conceptualization of multifactorial inherited liability with a measurement model emphasizing
the utility of item response theory (IRT).lO’11 It is noteworthy that the multifactorial model
is currently the prevailing framework guiding research pertaining to SUD etiology.lzl13 Risk
for SUD can be divided into two orthogonal dimensions10:11: transmissible liability
(encompassing both genetic and environment components shared between parents and
offspring) and nontransmissible factors. Employing the family high-risk paradigm, the
transmissible component of risk thus relates the child’s characteristics with parental SUD.
Hence, where differences are observed between children of SUD and non-SUD parents, it can
be concluded that they relate to the genetic and environmental factors concomitant to parental
affected status. Extending the research by Vanyukov et al., 14 this study examined the
contribution of transmissible liability in conjunction with environment factors to predict
cannabis use disorder by age 22. Notably, by age 22, the peak period of developing cannabis
use disorder has passed.15

In summary, this project constitutes the first stage of research translation, namely, using
etiology information to develop assessment tools to estimate individual risk for cannabis use
disorder. Demonstrating that it is possible to identify youths who are at high risk for cannabis
use disorder provides the foundation to design prevention interventions targeted at the factors
associated with risk.

The sample consisted of 333 boys enrolled in a longitudinal research program directed at
elucidating the etiology of SUD consequent to the consumption of illegal drugs. Baseline
evaluation was conducted when the boys were 10-12 years of age, and follow-up assessments
were conducted when they attained 12-14, 16, 19, and 22 years of age. The assessment points
were selected so as to track the subjects through the critical transitions from childhood through
adolescence to adulthood without undue burden on the participants and taking into account
project resources. Because cannabis use disorder is infrequently manifest by ages 12-14 and
16, the outcome evaluations in this study were conducted at ages 19 and 22, at which time the
lifetime risk peaks.15 Of the total sample, 216 boys completed the baseline and two outcome
evaluations. As can be seen in Table 1, retained and attrited participants at baseline were similar
with respect to grade in school, family socioeconomic status, 16 and ethnic distribution. Attrited
subjects had lower full-scale 1Q measured by the WISC-I11-R; however, the mean score in both
groups was in the normal range. Females were not included in the sample because none had
attained 22 years of age, owing to the fact that their recruitment began several years after the
boys.
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By age 19, offspring of SUD+ fathers compared to offspring of SUD- fathers had higher rates
of cannabis use disorder/dependence (23% vs. 6%, x2 = 20.30, p < .001), depression (17% vs.
3%, 42 = 19.37, p < .001), anxiety disorder (15% vs. 2%, y2 = 19.89, p <.001), and antisocial
personality disorder (8% vs. 2%, y2 = 9.26, p < .002). The rate of cannabis use disorder-abuse
approached significance (11% vs. 6%, x2 = 3.11, p = .08). Specific differences in comorbidity
patterns could not be assessed due to sample size limitations.

The boys were recruited through their biological fathers who satisfied DSM-II1-R criteria for
either a lifetime diagnosis of substance use disorder (abuse or dependence) involving
consumption of an illicit compound or had no adult onset axis | psychiatric disorder. Childhood
psychiatric disorder was not an exclusion criterion. With the exception of psychosis, comorbid
psychiatric disorder was not an exclusion criterion in SUD+ probands. None of the SUD-
probands had an adult onset psychiatric disorder. Because of low prevalence of men with SUD
consequent to illicit drug use who also have a 10-12-year-old son, it was necessary to employ
several strategies to recruit the sample. Approximately 75% of the SUD fathers (probands)
were recruited using newspaper and radio advertisements, public service announcements, and
random digit telephone calls. The remainder were identified after they were discharged from
treatment for substance abuse. Previous analyses have shown that socioeconomic status, SUD
severity, and pattern of comorbid psychiatric disorder in this sample are similar to age-
equivalent men with SUD in the Epidemiologic Catchment Area Study.17 The SUD- men were
accrued using the same recruitment sources with the one exception that none were acquired
from treatment facilities.

The parents provided written informed consent prior to administering the research protocols
when the boys were 10-12 years of age. Parents and children were also informed that privacy
was protected by a Certificate of Confidentiality. To ensure that there was no coercion by the
parents for their child to participate, conversations in a private room were conducted by trained
clinical associates while describing the study to determine their reasons for participating.
Following this discussion, the child signed an assent form that was read to them describing
their willingness to participate. Written informed consent was provided by the participants at
ages 19 and 22 prior to commencing the research protocols. At each timepoint after the
consenting procedure was concluded, the boys were administered breath alcohol and urine drug
screens to ensure that their responses were not biased by recent substance use. A positive
finding resulted in rescheduling the participant. The research protocols were administered in
fixed order by trained research associates. Upon completion of the protocol, a debriefing was
conducted in a private room. Prior to discharge from the laboratory, monetary payment was
made to compensate the participants for their time and to offset travel and parking expenses.

Predictor Variables (Ages 10-12)

Transmissible Liability Index (TLI)—Research on a twin sample has shown that the
transmissible liability index (TLI) has 80% heritability (Vanyukov, personal communication)
and in a family study predicted SUD outcome by age 19 with 68% accuracy.14 Furthermore,
each standard deviation increment on the mean score of the sample that was obtained by the
person was associated with an increase of 70% probability that cannabis use disorder would
be manifest during the ensuing year. The same method was used in this study to determine
whether the TLI is predictive of cannabis use disorder. First, items were selected from
psychological and psychiatric questionnaires and aggregated into conceptual domains. This
task, guided by findings reported in the empirical literature pertaining to the characteristics
thought to be associated with the susceptibility to develop SUD,l&19 was carried out by faculty
at the NIDA-funded Center for Education and Drug Abuse Research (CEDAR). Emphasis in
item selection focused on characteristics indicating deficient psychological self-regulation
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spanning cognitive, emotion, and behavior domains of measurement.18 The questionnaires
consisted of child self-report, mother informant reports, and teacher informant reports, as well
as several diagnostic interviews. After the selection of the initial pool of items was completed,
exploratory and confirmatory factor analysis was conducted. Constructs reflecting the
measurement domains that distinguished offspring of SUD+ and SUD- men (indicating
transmissible SUD liability) were retained. Importantly, the TLI items were not selected or
included in the index based on prediction of outcome, but rather on discrimination between
children of SUD+/- fathers. Next, the constructs were submitted to confirmatory factor analysis
to ensure unidimensionality of the index. Lastly, item response theory (IRT) analysis was
performed to calibrate the items (determine item discrimination and threshold parameters). The
TLI derived in this fashion thus contains the fewest and most robust items, accounting for 26%
of item variance and having internal reliability of .87. The items comprising the TLI are shown
in Table 2.

Non-Transmissible Liability Index (NTLI; Age 10-12)—The NTLI is intended to
account for the portion of variance associated with SUD risk that is due to non-transmissible
factors. Items were identified empirically that encompassed family, peer, school, and
neighborhood contexts that significantly correlated with cannabis use disorder to determine
how this portion of variance of SUD risk adds to the contribution of the TLI. Development of
the NTLI involved several stages. First, a panel consisting of CEDAR faculty assigned the
items to family, peer, school, and neighborhood environment domains based on their face
validity. Next, logistic regression analysis was conducted on each item to determine whether
it predicted cannabis use disorder by age 22. The items that significantly predicted this outcome
were retained, while the remainder were deleted from further consideration. Exploratory and
confirmatory factor analysis, subsequently performed on the retained items, documented
unidimensionality. Further pruning of the item set at this stage was conducted by removing
items with low (<.4) factor loading.

To ensure that the NTLI is a “pure” indicator of the environment, variance overlap with the
TLI was eliminated using regression analysis. It is noteworthy that this procedure resulted in
removal of less than 7% of NTLI variance; thus, there was very little overlap between the TLI
and NTLI even without statistical removal of covariance. By design, and refined by statistical
analysis, the NTLI and TLI are thus orthogonal dimensions of the risk for SUD. Lastly,
confirmatory factor analysis was performed to ensure that this residual score depicted one
dimension, scalable by item response theory. The resulting continuous residuals were rescaled
into multi-category items upon which IRT analysis was utilized to derive the NTLI. The items
comprising the NTLI are shown in Table 3.

Outcome Variables

Cannabis Use Disorder (Ages 19, 22)—L.ifetime diagnosis of cannabis use disorder using
DSM-IV criteria was determined by a clinical committee ,which reviewed the results of the
scip20 along with additional medical, legal, psychiatric, and psychological information
obtained from other facets of the research protocols administered to the sample. At ages 19
and 22, 19.3% and 28.7% of the sample, respectively, qualified for cannabis use disorder
diagnosis (abuse or dependence).

Statistical Analysis

Logistic regression analysis was used to determine whether the TLI and NTLI predicted
cannabis use disorder. Upon obtaining a significant odds ratio, receiver operating curve (ROC)
analysis was conducted to determine the accuracy of these indexes for identifying youths who
subsequently manifest this outcome 10-12 years after baseline evaluation. These analyses were
computed separately for the TLI and NTLI as well as their combination.
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Table 4 depicts the results showing that the TLI is a significant predictor of cannabis use
disorder. As expected, the NTLI is a significant predictor of cannabis use disorder because it
was composed of items that were correlated with this outcome. This finding is thus not of
importance; rather, the extent to which the NTLI adds to the TLI to predict cannabis use disorder
beyond the contribution of individual liability alone is of scientific interest. As can be seen,
the two indexes predict cannabis use disorder at age 19 with 70% accuracy. In effect, the NTLI
increases prediction accuracy by only 5% beyond the transmissibility index alone. Sensitivity
and specificity are respectively 75% and 51%, using a cutoff score of 0.20. In addition, positive
predictive value and negative predictive value are respectively 28% and 89%, using 19.3% as
the base rate (rate of cannabis use disorder in the sample).

The TLI and NTLI are also significant predictors of cannabis use disorder manifest by age 22.
Together, their classification accuracy is 75%, which is 5% higher than the TLI alone.
Sensitivity and specificity are 75% and 64% using a cutoff score of 0.24. Furthermore, positive
predictive value and negative predictive value are 47% and 86%, using 28.7% as the base rate
of cannabis use disorder diagnosis at age 22.

DISCUSSION

To our knowledge, this study is the first attempt to derive instrumentation for determination
of the individual’s risk for developing cannabis use disorder. Predicting this outcome with 70—
75% accuracy after a decade has elapsed underscores the feasibility of identifying high risk
children. The prediction accuracy after this long period is especially impressive in light of the
fact that the characteristics associated with risk for cannabis use disorder becomes most
pronounced during adolescence concomitant to sexual and neurological maturation. Previous
discussions have documented the contribution of maturational processes on the manifestations
of behaviors that potentiate substance use.21-23 |n effect, this study predicted cannabis use
disorder prior to adolescence, when the behavioral and social risk factors become increasingly
prominent.

Notably, the characteristics constituting the TLI are diverse, encompassing behavior (eg, “bites
fingernails™), emotion (“excitability™), cognition (eg, “suicidal thinking™), interpersonal
adjustment (eg, “annoy people to get even”), and daily routine (eg, “eat at same time daily™).
The liability to cannabis use disorder thus transcends the characteristics associated with any
particular diagnostic category.

This study was confined to the prediction of cannabis use disorder. Inasmuch as cannabis is
the most frequently used illicit drug, it provides an anchor for identifying threshold scores on
the TL1 and NTLI for predicting other types of SUD. Commensurate with the common liability
model,lolll su%ported by investigations documenting significant shared geneti024‘26 and
phenotypi027v2 variance in the risk for SUD across the DSM-1V drug categories, the two
indexes in combination may potentially yield cutoff scores for detecting youths who are at high
risk for SUDs besides cannabis use disorder. Toward this goal, further research needs to be
conducted using different paradigms and focusing on different populations to further document
the utility of these measures. Moreover, while prediction accuracy at this juncture is moderate,
future research that expands on the method described herein to encompass additional indicators
may lead to practical instruments for identifying high-risk children and adolescents.

Several limitations in the findings are noteworthy. Importantly, this study was confined to
males. Inasmuch as the risk for and rate of development of SUD is not the same between
genders,24 the findings cannot be assumed to apply to females. In addition, the sample was
not drawn randomly from the general population but rather ascertained on the basis of presence/
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absence of SUD in the proband father. The family high-risk paradigm was employed because
it is efficient for yielding an enriched sample that is at high risk for developing SUD. This is
an important logistical consideration in research because the assessment of manifold
biobehavioral processes contributing to SUD risk require operational resources that usually
exceed the capacity of epidemiological investigations. Nevertheless, the possibility needs to
be entertained that the children of SUD+ and SUD- proband fathers derive from different
populations, which could have biased the results. Along these lines, unknown effects resulting
from attrition may also have biased these results, although, as shown in Table 1, the only
distinguishing factor was IQ at the time of baseline evaluation. More importantly, however,
the retained participants did not differ from those who attrited on the TL1and NTLI. Moreover,
itis important to note that the TL1and NTLI cannot be inferred to measure all factors associated
with risk for cannabis use disorder. Also, at this juncture, it has not been determined whether
the indexes differentially predict diagnosis of abuse or dependence. Addressing this issue
requires a larger sample than studied herein. Further research is needed to add to the
comprehensiveness of the indexes as well as cross-validate them in other samples. Finally, it
is important to reiterate that because the NTLI was derived based on its predictive ability, it
cannot be construed to reflect a practical measure for identifying high risk youth until it is
cross-validated on another sample. The TLI on the other hand was not derived based on
prediction but rather on item discrimination between high- and low-risk groups. Hence, the
findings of this study are not tautological; rather, they indicate that the addition of a validated
index of nontransmissible factors to transmissible liability measurement only modestly
improves prediction of cannabis use disorder.

In summary, the present investigation demonstrated that it is feasible to identify boys at high
risk for cannabis use disorder using indexes developed to evaluate transmissible and
nontransmissible liability. The scores on these indexes together in 10-12-year-old boys predict
cannabis use disorder by age 22 with 75% accuracy. These findings support the feasibility of
accurately identifying high risk youths for targeted intervention. In addition, the results
potentially have heuristic value for research aimed at elucidating the etiology of SUD. The
observation that the transmissible component of SUD risk spans cognitive, emotion, and
behavioral domains of psychological functioning underscores the need to advance research
beyond ubiquitous features such as impulsivity or sensation seeking. Indeed, emerging
evidence obtained from diverse sources indicate that failure to acquire psychological self-
regulation during childhood and adolescence, linked to somatic neurological and sexual
Tsaturation mechanisms, is the cardinal feature of SUD risk during childhood and adolescence.
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