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Abstract

BACKGROUND—Parental substance use disorder (SUD) is associated with a range of negative
offspring outcomes and psychopathology, but the clustering of these outcomes into subtypes has
seldom been examined, nor have the familial and environmental contexts of these subtypes been
reported. The present study examines the clustering of offspring lifetime substance use and
psychiatric disorders into subtypes and characterizes them in terms of familial and non-familial
influences using an offspring-of-twins design.

METHOD—Telephone-administered diagnostic interviews were used to collect data on
psychiatric disorders and SUD from 488 twin fathers, 420 biological mothers and 831 offspring.
Latent class analysis (LCA) was used to derive subtypes of lifetime comorbidity in offspring.
Familial risk and environmental variables associated with each subtype (i.e. parenting, childhood
physical or sexual abuse, perceived sibling and peer substance use) were identified using
multinomial logistic regression.

RESULTS—Four classes identified by LCA were characterized as 1) unaffected, 2) alcohol
abuse/dependence, 3) alcohol abuse/dependence comorbid with anxiety and depression, and 4)
alcohol, cannabis abuse/dependence and nicotine dependence comorbid with conduct disorder.
Inconsistent parenting, childhood physical/sexual abuse, and perceived sibling and peer substance
use were significantly associated with profiles of offspring comorbidity after adjusting for familial
vulnerability. Some associations were specific (i.e. perceived peer alcohol use to the AUD class),
while others were general (peer smoking to all 3 comorbidity classes).
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CONCLUSIONS—We observed distinct subtypes of psychiatric and SUD comorbidity in
adolescents and young adults. Subtypes of offspring psychopathology have varied associations
with parental psychopathology, family environment, and sibling and peer behaviors.
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1. INTRODUCTION

Existing studies of risk for psychopathology in the offspring of parents with substance use
disorders (SUD) have largely focused on individual disorders (Hartman et al., 2006; Jacob et
al., 2003; Xian et al., 2010; Scherrer et al., 2012, 2008; Marmorstein et al., 2009). While this
line of research has identified a wide range of risk factors for specific disorders, we are not
aware of previous examinations of the clustering of disorders into subtypes of comorbidity
and the familial and environmental characteristics of those subtypes.

Several studies have used latent class analysis (LCA) to characterize the co-occurrence of
psychiatric disorders (Kessler et al., 2005). Results from LCA of DSM-1V disorders in
adults from the National Comorbidity Survey Replication (NCS-R) suggested there were
classes of pure externalizing disorders, pure internalizing disorders and comorbid
internalizing and externalizing disorders (Kessler et al., 2005). Subsequent analysis of the
NCS and NCS-R data identified classes that could similarly be distinguished by the
clustering of internalizing disorders, externalizing disorders, and by the comorbidity of
internalizing and externalizing disorders (Vaidyanathan et al., 2011). Overall, the evidence
from these and additional reports from other cohorts (Sullivan, 1998; Olino et al., 2012;
Todorov et al., 2006, Dawson et al., 2010) support several comorbidity subtypes that
typically encompass unaffected, internalizing, externalizing, and highly comorbid patterns
of SUD and psychiatric disorders.

Parental SUD is associated with increased risk for offspring SUD, externalizing, and
internalizing disorders (Dinwiddie and Reich, 1991, Sher, 1991, Chassin et al., 1999;
Morgan et al., 2010). It may also confer increased vulnerability for an array of comorbidities
which cross externalizing and internalizing domains, and which are characterized by
different risk factors and environmental contexts. While offspring studies are designed to
examine familial vulnerability to psychopathology, they have not, to our knowledge,
investigated other risk factors putatively associated with parental SUDs, such as parenting
behaviors and perceived sibling substance use and peer influences, which could be
associated with subtypes of offspring comorbidity.

Parenting behavior, sibling and peer influences have been shown to be associated with
greater risk of adolescent and young adult alcohol (Barnow et al., 2002) and drug abuse/
dependence, both alone (Scherrer et al., 2008; Duncan et al., 1996) and comorbid with
depression (Martin et al., 2004), anxiety (Lindhout et al., 2009) and conduct disorder
(Webster-Stratton and Hammond, 1999). However, the existing literature has not
demonstrated that these parenting and peer influences are significantly associated with
comorbidity after accounting for familial vulnerability. In addition, the magnitude of
familial contributions, parenting and peer influences may vary by patterns of comorbidity.
For example, these influences may differ in their association with alcohol abuse/dependence
that is comorbid with depression as compared to marijuana abuse/dependence comorbid
with conduct disorder.

To address these gaps in the literature, the current study aims to: 1) identify subtypes of
comorbidity among alcohol and marijuana abuse/dependence, nicotine dependence, conduct
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disorder, anxiety disorder and major depressive disorder in adolescents and young adults
using latent class analysis, 2) determine if the familial vulnerability associated with parental
SUD and internalizing disorders is associated with subtypes of comorbidity, and 3) identify
parenting behaviors, early family environmental factors, and perceived sibling and peer
influences that are associated with subtypes of comorbidity after accounting for familial
vulnerability in an offspring-of-twins design.

2. METHODS

2.1 Sample

Subjects for the current study were offspring of male twins from the Vietnam Era Twin
Registry (VETR; Eisen et al., 1987, Henderson et al., 1990). The VETR comprises male-
male twin pairs identified from military discharge files, each of whom served in the military
during the Vietnam Era (1965-1975). Twin zygosity, monozygotic (MZ) or dizygotic (DZ),
was determined using questionnaires and blood group typing (Eisen et al., 1989). Twin pairs
from the VETR were selected for participation in a subsequent offspring-of-twins (OOT)
study designed to examine the intergenerational transmission of illicit drug dependence
based on differing levels of genetic and environmental risk to offspring. Twins (i.e.,
biological fathers of the subjects in the OOT study) completed a 1987 health survey
(Henderson et al., 1990) in which the birth dates of offspring were reported and a 1992
telephone administration of the Diagnostic Interview Schedule (DIS-111-R; Robins, 1989) in
which DSM-111-R alcohol abuse and dependence, drug abuse and dependence and
psychiatric disorders were assessed (Tsuang et al., 1996, 1998). Beginning in 2002, twins
were recruited into the OOT study based on 3 selection criteria: (i) both members of the twin
pair completed the 1987 mailed questionnaire and the 1992 telephone interview, (ii) at least
one member of the twin pair had a child born between 1973 and 1987, and (iii) at least one
member of the twin pair met criteria for DSM-I11-R lifetime illicit drug dependence based
on data from the 1992 structured interview. Twin pairs were identified as concordant or
discordant for lifetime history of illicit drug dependence. Control twin pairs with no history
of drug dependence were also identified.

Latent (unmeasured) levels of familial and environmental risk to offspring were assigned to
one of four categories based on each twin pair’s (father and uncle of offspring) lifetime drug
dependence status and zygosity (MZ or DZ). The highest risk category (Group 1) comprised
offspring of MZ or DZ fathers who had a history of drug dependence, regardless of co-twin
status for drug dependence, or who had a history of alcohol dependence, if the co-twin had a
history of drug dependence. This was termed the high-genetic, high-environmental (HG-HE)
risk group, since offspring were at elevated genetic risk by virtue of having a father with
SUD and also at elevated environmental risk by virtue of experiencing a high risk rearing
environment via their affected parent (Hartman et al., 2006, Hussong et al., 2008, Jacob et
al., 2003, Thompson et al., 2008). Groups 2 and 3 were offspring of MZ (Group 2) and DZ
(Group 3) twins, in which 100% (MZ) and 50% (DZ) of genes are shared between the twin
fathers. Offspring in Group 2 had fathers who did not themselves meet criteria for lifetime
drug dependence but had an affected identical co-twin; thus, these offspring were at low
environmental risk because they did not grow up with a father with SUD, but at high genetic
risk because their fathers, though unaffected, had an affected identical twin (HG-LE). Group
3 included offspring with an unaffected father whose DZ cotwin was affected; thus they
were at low environmental risk but medium genetic risk (MG-LE). The lowest risk group
(Group 4) comprised a random sample of offspring of male twin pairs (both MZ and DZ) in
which neither had a lifetime history of drug dependence.

Details on response rates of twins, biological mothers and offspring invited to participate are
available from previous studies (Duncan et al., 2008; Scherrer et al., 2008). In brief, 80%
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(excluding twins who were too ill or untraceable) of the twin fathers participated, 71% of the
mothers were interviewed from 2002-2003, and fathers gave consent to contact 950
offspring of whom 839 (88%) were interviewed initially from 2003-2004. Response rates
did not significantly (chi-square=3.34; p=0.34) differ by genetic and environmental risk
group. We observed 81.5% of HG-HE twins, 76.3% of HG-LE twins, 78.5% of MG-LE
twins and 75.8% of LG-LE twins responded. As well, no differences in response rate among
offspring were observed. Of those contacted for interview, 86.6% of HG-HE offspring
completed interviews, 94.0% of HG-LE, 90.3% of MG-LE and 88.9% of LG-LE offspring
(chi-square=7.53, p=0.44).

Mothers not currently married to the biological father and those married to a twin of ethnic
minority were less likely to be interviewed (p<0.001). Offspring whose fathers were not
currently married to their biological mothers were less likely to be interviewed than those
whose fathers were married to their biological mothers (p<0.001). The current study
analyzed data from 831 offspring (from 488 fathers) aged 12 to 32 (mean (SD) =22.7 (4.4))
and data from 420 mothers.

2.2 Assessments

Structured diagnostic interviews based on the Semi-Structured Assessment for the Genetics
of Alcoholism (SSAGA; Bucholz et al., 1994; Hesselbrock et al., 1999) were administered
by telephone with mothers and offspring during 2003-2004. Experienced staff at the
Institute for Survey Research at Temple University recruited participants and collected all
data. Interviewers were blind to the drug dependence status of the fathers and co-twins.
Fathers were interviewed first and provided permission to contact the offspring and the
biological mother of the offspring for interviews. All participants (fathers, co-twins,
mothers, and offspring) gave verbal consent before participating in the interview. The period
of interview, target population (twins, mothers, and child) and primary assessment are
shown in Figure 1.

The Institutional Review Boards at participating universities and at the Seattle Veteran’s
Administration, where the VETR is maintained, approved the study protocols.

2.3. Measures

2.3.1. Offspring substance use and psychiatric disorders—Offspring data
obtained from telephone administration of the adapted SSAGA (Bucholz et al., 1994) were
used to derive DSM-1V lifetime diagnoses of major depression, conduct disorder, panic
disorder, social phobia and generalized anxiety disorder, alcohol abuse or dependence,
marijuana abuse or dependence, and nicotine dependence. Due to the low prevalence of
specific anxiety disorders, (i.e., panic disorder, generalized anxiety disorder, and social
phobia), these disorders were combined into one variable representing anxiety disorders.

2.3.2. Offspring early environment—Measures of parental strictness, rule consistency,
and closeness were based on offspring perceptions of these measures using constructs for
perceived support in social relationships (Sarason et al., 1991) and from Robins and
colleagues’ (Robins et al., 1985) scale for assessing early home environmental correlates of
psychopathology. Details about these variables have been previously reported (Scherrer et
al., 2008).

2.3.2.1. Offspring history of childhood abuse: Reports of exposure to childhood physical
and/or sexual abuse were combined into one variable. Childhood physical abuse was a
composite variable derived from the following questions: (1) having often been punched or
hit with a belt or stick by either parent when aged 6 to 12, (2) having been physically injured
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on purpose by any adult when aged 6 to 12, (3) serious physical assault before age 16, (4)

physical abuse as a child. Childhood sexual abuse was a composite variable derived from

questions about forced intercourse, rape, or sexual molestation before age 16, within or, in
most cases, extra-familial.

2.3.4. Parental substance use and substance use disorder—Father’s lifetime
history of DSM-I111-R diagnoses of alcohol and drug dependence were derived from data
collected in the 1992 DIS-I1I-R interview. Data from the 2003-2004 telephone interviews
with mothers were used to derive DSM-IV lifetime history of alcohol and marijuana abuse
and dependence. Maternal and paternal history of cigarette-smoking was based on self-
report from their respective interviews from 2002—2004.

2.3.5. Parental psychiatric disorder—Lifetime DSM-III-R history of paternal
depression, panic disorder, posttraumatic stress disorder, antisocial personality disorder, and
conduct disorder were derived from data collected from the 1992 diagnostic interview with
the male twins.

Maternal DSM-IV depression and antisocial symptoms were based on data collected from
the SSAGA interview. Maternal antisocial symptoms were based on responses to a screen
during the interview which queried behavior indicative of consistent irresponsibility (e.g.,
frequently quitting jobs, failing to pay debts or take care of financial responsibilities),
irritability or aggressiveness (i.e., physically attacking anyone, including family members),
and disregard for the safety of others (i.e., 4 or more traffic tickets for moving violations),
and failure to conform to social norms (i.e., arrests other than for drunk driving or drunken
behavior). There was no evidence of an increasing association between latent class and
greater number of maternal antisocial behaviors. Therefore maternal antisocial behaviors
were modeled as none vs. any symptoms.

2.3.6. Offspring perception of sibling substance use—Offspring reported on
substance use of all siblings regardless of sibling participation in the study. Sibling problem
drinking was defined by offspring report that their sibling was ever an excessive drinker or
that drinking ever caused problems with health, school, family, police or other problems.
Sibling illicit drug use was based on offspring report that siblings ever used marijuana,
cocaine, stimulants, ecstasy, opiates, hallucinogens, PCP, sedatives, solvents or inhalants,
(not counting any if taken as prescribed by a doctor).

2.3.7. Offspring perception of friend substance use—Offspring were asked to
report the number of current male/female friends that used alcohol at least once a week, and
the number that smoked cigarettes. Friend illicit drug use was based on offspring report that
friends ever used marijuana, cocaine, stimulants, ecstasy, opiates, hallucinogens, PCP,
sedatives, solvents or inhalants (again, not counting if any were taken as prescribed by a
doctor).

2.3.8. Demographics—Offspring gender, age, and ethnicity were based on self-report.
Paternal education, marital status, and yearly household income were based on father’s
report during the 2002-2003 interviews. Maternal educational level was based on mother’s
report.

2.4, Statistical analysis

Latent class analysis using MPLUS (version 5.1; Muthen and Muthen, 2001) was used to
examine the clustering of offspring substance abuse or dependence (alcohol and marijuana
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abuse or dependence and nicotine dependence) and psychiatric disorder (depression, anxiety
disorder, conduct disorder). Estimation was performed for 2 through 6 classes.

Bivariate associations between latent class of psychopathology and demographic, early
environment, trauma, perceived substance use by sibling and friends, parent substance use,
and other psychiatric disorder variables were examined using chi-square tests, controlling
for the clustering of family data. Variables with significant bivariate associations (p < .05)
were included in a series of 3 multinomial logistic regressions, all adjusted for age, gender
and race and constructed according to familial risk, family environmental factors and
perceived substance use of friends. Model 1 tested the association between the latent classes
and the following familial risk factors: 4-level familial risk variable, maternal marijuana
abuse/dependence, paternal smoking, paternal externalizing disorder, maternal depression
and sibling alcohol and drug use. Model 2 added the following early environmental factors:
father marital status, mother rule consistency, closeness to father and mother and childhood
sexual or physical abuse. Model 3 added perceived substance use of friends. Examination of
the tetrachoric correlations between covariates indicated no evidence of collinearity in the
regression models. Dummy variables representing missing maternal data (for mothers who
did not complete an interview) and missing sibling data (for offspring with no siblings) were
included in all regressions with maternal or sibling data to adjust for potential non-response
bias; in all cases these were non-significant. The Huber White robust variance estimator was
used in all regressions to correct for the non-independence of family data. The STATA
statistical program was used for all tests (StataCorp, 2009).

3. RESULTS
3.1 Latent Class Analysis

A 4-class solution provided the best fit to the offspring data based on fit statistics from the
Akaike Information Criterion (AIC) and the sample-size-adjusted Bayesian Information
Criterion (ABIC), which were lower for the 4 class (AIC=4322.21, ABIC=4363.98) than for
either the 3 (AlC=4335.47, ABIC=4366.42) or the 5-class solutions (A1C=4325.38,
ABIC=4377.98). The most likely class membership probability was used for class
assignment. Fifty-three percent of the sample (n=443) was assigned to Class 1, 31% (n=260)
was assigned to Class 2, 8% (n=69) to Class 3 and 7% (n=59) to Class 4.

As shown in Figure 2, Class 1 was characterized by near zero probability of all disorders
except anxiety and depression, for which probabilities were modest (.16 and .09,
respectively). Given this low risk profile, Class 1 was defined as “Unaffected”. In class 2,
alcohol abuse and dependence had a high probability (.60), with lower probabilities for
marijuana abuse/dependence (.28), nicotine dependence (.17) conduct disorder (.06), and
anxiety disorders (.23), and a “0” probability for depression. Thus, Class 2 was defined by
its most prominent endorsement as alcohol abuse/dependence (AUD). Class 3 had very high
probabilities for anxiety disorders (.64) and major depression (1.0), moderate probability for
alcohol abuse/dependence (.48) and lower probabilities for nicotine dependence (.28),
cannabis abuse/dependence (.32) and conduct disorder (.16). Class 3 was termed ‘AUD-
MDD-ANX’ class. Class 4 had very high probabilities for the substance use disorders:
alcohol abuse/dependence (.94), marijuana abuse/dependence (1.0), nicotine dependence (.
51) and conduct disorder (.56), but less elevated probability for anxiety and depression (< .5)
Class 4 was labeled the SUD-CD class, since poly-substance use disorder and conduct
disorder characterized its profile. The intersection of class profiles (i.e., Class 1 with Class
2; Class 2 with Class 3; Class 3 with Class 4) is a visual indication that the classes represent
qualitatively distinct patterns of comorbid substance use and psychiatric disorder, rather than
gradations of severity.
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3.2 Sample Characteristics and Bivariate Associations

As shown in Table 1, the mean age of the offspring was 22.7 (SD=4.4), a slight majority
(51.5%) was male and 13% was non-Caucasian. There was evidence for an association
between father’s 4 group design variable and offspring class assignment, with a
disproportionate number of offspring in the SUD-CD class at HG and HE risk.

Offspring and parental demographic variables associated with class assignment were gender,
age and race, and father’s marital status. Offspring with any pattern of comorbidity were
more likely to have fathers who were not currently married to the biological mother
(separated, divorced, or never married), compared to the unaffected class.

Measures of offspring childhood environment which were more likely to be endorsed by
members of the affected classes than the unaffected class were maternal rule inconsistency,
lack of a close relationship with parents, and childhood physical or sexual abuse.

Regarding parental substance use, maternal marijuana abuse/dependence was strikingly high
in the SUD-CD class (15.2%) relative to the other classes, and paternal (but not maternal)
history of smoking was more common in all affected classes as compared to the unaffected
class.

Parental psychiatric disorders significantly associated with class assignment were paternal
externalizing disorders, which were much more common in the SUD-CD class compared to
other classes, and maternal depression, which was most common in the AUD-MDD-ANX
class.

All sibling and friend substance use variables were significantly associated with class
assignment. Rates of perceived sibling polydrug use (defined as use of marijuana plus other
drugs), friend smoking and friend polydrug use were particularly elevated in the SUD-CD
class.

3.3 Regression results

Several familial risk factors remained significantly associated with class assignment after
adjustment for offspring sociodemographics (Table 2). Sibling polydrug use was associated
with membership in all affected classes, and sibling use of only marijuana or another drug
with membership in the AUD class, as compared to the unaffected class. Maternal
depression was associated with membership in the AUD and AUD-MDD-ANX classes, with
evidence of an association with the SUD-CD class. The HG-HE risk group was significantly
associated with membership in the AUD class, with evidence of an association with the
SUD-CD class as compared to the unaffected class. More specific associations were
observed for paternal externalizing disorder, which was associated only with the SUD-CD
class, and for reports of sibling alcohol problems, which were associated only with
membership in the AUD-MDD-ANX class.

The addition of family environment variables to the model (Model 2, displayed in Table 3)
yielded evidence that maternal rule inconsistency was associated with membership in all
three affected classes. Childhood physical or sexual abuse was associated with membership
in the AUD-MDD-ANX and SUD-CD classes, and lack of closeness to father was
associated with membership in the SUD-CD class. There was evidence of an association
between lack of closeness to mother and membership in the SUD-CD class.

When compared with model 1, some of the variables in model 2 lost statistical significance
after the addition of family environmental variables, although their odds ratios remained
largely unchanged. In the AUD class this was true for the HG-HE risk group and maternal
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depression. In the SUD-CD class paternal externalizing disorder was no longer significant.
However, maternal depression and sibling alcohol use remained significantly associated
with membership in the AUD-MDD-ANX class and sibling polydrug use remained
significantly associated with each affected class as compared to the non-affected class.

Adjustment for offspring reports of peer substance use in model 3 (Table 4) showed
associations of friends’ current smoking with membership in all affected classes and friends’
weekly drinking with membership in the AUD class. Few changes were observed in the
magnitude of association between familial risk factors, family environment variables and
class membership from Model 2. For example, the association between HG-HE risk group
and membership in the AUD class was similar to that observed in models 1 and 2 (ORs
=1.63, 1.50, and 1.60, respectively), and evidence for an association between maternal
depression and the AUD class, and for an association of lack of paternal closeness with
membership in the SUD-CD class remained. All other variables significant in model 2
retained significance after adjusting for friend substance use, and the pattern of association
between family environmental variables and class membership was largely unchanged from
that observed in model 2.

Compared to the unaffected class, odds of being older than 18 were significantly elevated in
the AUD class, with evidence of an association in the other 2 affected classes. Males were
significantly more likely to be assigned to the AUD and SUD-CD classes as compared to the
unaffected class, but there was no association with male gender for the AUD-MDD-ANX
class.

4. DISCUSSION

From latent class analyses of 831 offspring aged 12—32, we identified four distinct patterns
of substance use and psychiatric disorder that were characterized as 1) unaffected, 2) alcohol
abuse/dependence (AUD), 3) comorbid alcohol abuse/dependence, anxiety disorder and
major depressive disorder (AUD-MDD-ANX), and 4) comorbid alcohol abuse/dependence,
cannabis abuse/dependence, nicotine dependence and conduct disorder (SUD-CD). With the
exception of the unaffected class, all patterns of comorbidity included SUD, with no
evidence for an internalizing class without SUD. Thus the clustering of psychiatric disorders
in young adult offspring of parents with SUD may most likely be characterized by SUD with
or without comorbid disorders.

The present comorbidity profiles are largely consistent with LCA results obtained from
other cohorts (Olino et al., 2012; Vaidyanathan et al., 2011) and from our prior modeling of
comorbidity from the 1992 diagnostic interview in the full sample of male twins from the
VETR (from which our twin families were a subset), in which we found a profile consisting
of alcohol and nicotine dependence, a second consisting of mood and anxiety disorders, and
a third with high probability of externalizing disorders and illicit drug dependence (Todorov
etal., 2006).

We interpret findings in the context of broad confidence intervals due to available sample
size and consistency of point estimates. Among familial vulnerability factors, we observed
some evidence of specificity in the association between parental disorder and class
membership. Paternal illicit drug use disorder was associated with the AUD and SUD-CD
class but not the AUD-MDD-ANX class. Paternal externalizing disorder was uniquely
associated with the SUD-CD class. Maternal depression was markedly and significantly
associated (OR=3.33) with the AUD-MDD-ANX class and less so with the AUD and SUD-
CD class (ORs = 1.49, 1.54). Together this suggests some specific familial contributions to
comorbid externalizing disorders and to internalizing disorders over and above those in
common with SUD. This is somewhat consistent with classical twin designs demonstrating
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genetic contributions specific to depression, anxiety and to conduct disorder that are not
overlapping with genetic influences on SUD (Fu et al., 2007; Kendler et al. 2003).

Perceived sibling polydrug use (but not use of a single substance) was associated with
general vulnerability for psychopathology. Sibling substance use has an influence on
development of adolescent substance use (Duncan et al., 1996). Given that sibling polydrug
use is also a marker of familial vulnerability for substance use, its association with all
classes of offspring psychopathology is consistent with classical twin studies demonstrating
common genetic vulnerability to substance use disorders, affective disorders and conduct
disorder (Lyons et al., 2008; True et al., 1999; Xian et al., 2000; Kendler et al., 2003;
Scherrer et al., 2008; Slutske et al., 1998).

Among environmental factors, maternal rule inconsistency and childhood trauma were
associated with all comorbidity classes while lack of paternal and maternal closeness was
most strongly associated with the SUD-CD class (although the estimates included 1). The
association between maternal rule inconsistency and vulnerability for all classes of
psychopathology is partly supported by our previous reports that this parenting behavior is a
risk factor for offspring nicotine dependence (Scherrer et al., 2012), but is not in line with
our earlier report of no association between maternal rule inconsistency and offspring
marijuana abuse/dependence (Scherrer et al., 2008). These inconsistent results may reflect
the limitation to using a single measure of psychopathology as an outcome. The association
between familial risk factors and substance use disorders may best be modeled by
considering comorbidity in the outcome. The association between parental closeness and
SUD is consistent with evidence of a protective association between parental emotional
warmth and externalizing behaviors (Sentse et al., 2009). Additional research is warranted to
clarify the independent association between specific parenting behaviors and offspring
psychopathology as these offspring age through the period of risk for each type of
psychopathology.

Childhood physical/sexual abuse was less strongly associated with the AUD class compared
to its association with the AUD-MDD-ANX and SUD-CD classes. This agrees with
evidence from previous research showing that comorbid depression, as compared to pure
depression, is more strongly associated with childhood trauma (Hovens et al., 2010), and
that stressful life events, inclusive but not specific to trauma, are more strongly associated
with comorbid SUD and affective disorder as compared to pure SUD (de Graaf et al., 2004).

Perceived peer smoking was associated with each class of comorbidity, while perceived
weekly alcohol use by peers was only associated with the AUD class. Perceived peer
smoking is an established correlate of young adult substance use disorders (Agrawal et al.,
2007; Jenkins et al., 2011). We are not aware of previous reports that perceived peer
smoking is associated with affective disorders comorbid with AUD. It is possible that the
association with affective disorders is accounted for by comorbid AUD. Further research on
the association between peer smoking and affective disorders is warranted.

We have previously reported (Scherrer et al., 2008, 2012) that offspring marijuana abuse/
dependence is primarily associated with perceived drug use of friends and offspring nicotine
dependence with perceived smoking of friends in models that accounted for perceived use of
cigarettes, alcohol and drugs. The current finding that perceived weekly alcohol use by peers
was only associated with the AUD class providers further support that type of substance use
disorder is associated with type of perceived substance use. It is suggestive that social
networks linked to substance use may be specific to those associated with drinking and those
associated with drug use and smoking.
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Our results suggest some demographic factors impart general vulnerability and others may
be specific to subtypes of psychiatric comorbidity. Male gender was associated with AUD
and SUD-CD comorbidity profiles. The association between male gender and AUD and
SUD-CD classes, but not the AUD-MDD-ANX class, is in line with a considerable literature
demonstrating males are more likely to have lifetime alcohol abuse/dependence, poly-
substance abuse/dependence and conduct disorder (Kessler et al., 2005; Huang et al., 2006)
and less likely to experience lifetime depression and anxiety disorders (Kessler et al., 2005).
Whether this reflects differential exposure, as opposed to differential vulnerability, is
beyond the scope of this report but is worthy of further investigation.

The present report addresses several gaps in the literature. First, while numerous other
studies have reported that parental drug abuse and dependence is a risk factor for offspring
licit and illicit drug abuse/dependence, affective disorders and conduct disorder, to our
knowledge the present report is novel in demonstrating that familial vulnerability associated
with maternal marijuana abuse/dependence and depression is associated with comorbidity
among offspring disorders, and a suggestion of specificity of transmission for major
depression in particular from mother to child. Second, measured early environmental factors
such as parenting practices and childhood trauma are associated with offspring comorbidity
even after accounting for familial risk. Third, our report suggests there are both generalized
and specific influences of measured environmental risk on subtypes of comorbid
psychopathology.

4.1. Strengths

The breadth of the diagnostic survey allowed us to identify multiple, clinically meaningful
latent classes of psychiatric disorder in the offspring. Our study is unusual in its
simultaneous modeling of familial and measured environmental risk factors. The twin
fathers, in particular, are well-characterized by their own reports of psychopathology,
obviating the need to rely on maternal report of paternal psychopathology, with their known
limitations (Waldron et al 2012). Additional strengths include the large sample size and the
non-clinical nature of the samples that enhance generalizability and permit modeling a wide
array of environmental factors, while avoiding bias inherent to treatment | samples. The
structured, systematic method of data collection reduces interviewer bias.

4.2. Limitations

Not all offspring have passed through that age of risk for substance use disorder and
affective disorders. The patterns of comorbidity identified in this high risk sample may limit
generalizability to other young adult cohorts at less risk, but these unique data from
offspring of twins provide an insight into patterns of familial risk and developmental
psychopathology not otherwise available. Analysis of longitudinal data from the offspring is
planned to determine how patterns of comorbidity may change as the offspring age. In
addition, it is possible that some offspring were misclassified (e.g., those in the LG, LE
group), if their fathers developed SUD later in life. However, the fathers were assessed
during middle age (avg. age 42), and epidemiological evidence suggests that the likelihood
of an onset of SUD in middle age is quite rare (Wagner and Anthony 2002; Compton et al.,
2007), particularly among men of European Ancestry (Grant et al., 2012) as is the case for
these twin fathers. It is not possible to measure all environmental influences on offspring.
For instance the present study modeled perceptions of sibling substance use but not self
reported measures from all siblings. Expansion of the shared environment assessment may
reveal key parent, sibling and peer level variables that have not been adequately measured.
Maternal characteristics, here included as covariates, might be better treated in the context of
analyses that model assortative mating, which is beyond the scope of the present report.
Finally, temporal relationships cannot be established by these cross sectional data. For
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instance, parental behavior may be a response to, as well as a predictor of childhood
psychopathology, and peer substance use may signify either deviant socialization or peer
selection. Future research is warranted to determine if patterns of comorbidity hold as
offspring age and to assess the relative contributions of familial and non-familial factors to
psychiatric comorbidity in a longitudinal perspective.

4.3. Conclusions

We conclude that subtypes of comorbidity exist in adolescent and young adults and are
associated with familial vulnerability. Because parenting, childhood physical/sexual abuse,
sibling and peer behaviors remain associated with comorbidity, even after adjusting for
familial vulnerability, public health interventions to prevent psychiatric and substance use
disorder might also be focused on rearing environment and peer influences.
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measure(s):  of offspring substance twin fathers gave Twins Study:
obtained via use disorder permission to contact maternal and
mailed and family and were re- offspring
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diagnoses interview interviews by
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of offspring
Figure 1.

Data collection timeline
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Figure2.

Results of latent class analysis of offspring substance use and psychiatric disorder (N=831).
AUD=alcohol abuse or dependence

MJABDEP=marijuana abuse or dependence

ND=nicotine dependence

CD=conduct disorder

ANX=anxiety disorder (social phobia, panic disorder, or generalized anxiety disorder)
MDD=major depressive disorder

Based on patterns of endorsement probabilities, Class 1 (grey line) was defined as
‘Unaffected’, Class 2 (dashed line) was defined as ‘AUD’, Class 3 (dotted line) was defined
as ‘AUD-MDD-ANX’ and Class 4 (solid line) was defined as substance use disorder
‘(SUD)-CD’, see text for details.

Numbers in parenthesis are the proportion of offspring in each class
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Model 1, multinomial logistic regressions showing associations of class membership? with familial risk factors
(father’s 4-group design variable indicating levels of genetic and environmental risk, paternal and maternal

substance use and psychiatric disorders and sibling problem substance use) adjusted for offspring

demographics?

Class 2 AUD2

Class3 AUD-MDD-ANX3  Class4 SUD-CD#

OR (95% ClI)

OR (95% ClI)

OR (95% Cl)

Familial risk factors

Father’s 4-group design

Group 1, HG & HE

Group 2, HG & LE

Group 3, MG & LE

Group 4,LG & LE
Maternal marijuana abuse/ dependence
Father current or former smoker
Paternal externalizing disorder
Maternal depression
Sibling alcohol problems
Sibling drug use

Marijuana or other drug only

1.63 (1.02-2.59)
1.44 (0.68-3.08)
1.20 (0.64-2.25)
1.0
1.10 (0.53-2.30)
1.39 (0.92-2.12)
1.01 (0.61-1.66)
1.61 (1.04-2.48)
1.01 (0.63-1.63)

1.90 (1.27-2.85)

1.25 (0.61-2.57)
0.45 (0.11-1.84)
0.58 (0.17-1.96)
1.0
051 (0.14-1.82)
1.33 (0.67-2.66)
1.04 (0.48-2.24)
3.50 (1.87-6.55)
2.42 (1.26-4.64)

1.34 (0.67-2.66)

2.18 (0.82-5.75)
1.28 (0.31-5.27)
1.42 (0.34-5.91)
1.0
1.66 (0.60-4.55)
1.12 (0.54-2.29)
2.22 (1.04-4.76)
1.92 (0.97-3.79)
1.07 (0.50-2.31)

1.58 (0.70-3.58)

Marijuana and other drugs 3.94 (2.48-6.27) 3.37 (1.72-6.58) 6.91 (3.20-14.92)
Demogr aphics
Male gender 2.50 (1.80-3.47) 1.06 (0.61-1.84) 4.09 (2.18-7.65)
Age 18 and older 8.45 (4.28-16.68) 3.24 (1.20-8.76) 7.67 (1.59-37.07)

Non-Caucasian

0.98 (0.62-1.55)

0.79 (0.32-1.91)

0.29 (0.07-1.26)

1 . . . Lo
Class 1 is reference group; model adjusted for missing data on mothers and siblings,

ZAUD = alcohol abuse/dependence.

3AUD—MDD—ANX = alcohol abuse/dependence, major depressive disorder and any anxiety disorder (social phobia, panic disorder, generalized

anxiety disorder).

4 . . .
SUD - CD = alcohol abuse/dependence, marijuana abuse/dependence, nicotine dependence and conduct disorder.

Bold text = statistically significant odds ratios.
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Model 2, multinomial logistic regressions showing associations of class membership? with familial risk factors
(father’s 4-group design variable indicating levels of genetic and environmental risk, paternal and maternal
substance use and psychiatric disorders and sibling problem substance use) and family environment adjusted

for offspring demographics?

Class 2 AUD2

Class3 AUD-MDD-ANX3  Class4 SUD-CD#

OR (95% ClI)

OR (95% ClI)

OR (95% Cl)

Familial risk factors

Father’s 4-group design
Group 1, HG & HE
Group 2, HG & LE
Group 3, MG & LE
Group 4,LG & LE

Maternal marijuana abuse/ dependence

Father current or former smoker
Paternal externalizing disorder
Maternal depression
Sibling alcohol problems
Sibling drug use

Marijuana or other drug only

Marijuana and other drugs

1.50 (0.94-2.40)
1.40 (0.63-3.08)
1.12 (0.59-2.13)
1.0
1.11 (0.52-2.37)
1.33 (0.87-2.03)
0.97 (0.57-1.65)
1.53 (0.99-2.39)
1.02 (0.62-1.68)

1.76 (1.16-2.67)
3.45 (2.13-5.59)

1.02 (0.48-2.15)
0.42 (0.10-1.73)
0.53 (0.16-1.80)
1.0
0.53 (0.14-1.94)
1.34 (0.66-2.71)
1.01 (0.47-2.20)
3.42 (1.78-6.57)
2,59 (1.35-4.97)

1.26 (0.63-2.52)
265 (1.36-5.15)

1.55 (0.56-4.25)
1.05 (0.26-4.20)
1.22 (0.27-5.49)
1.0
2.15 (0.79-5.86)
1.09 (0.53-2.23)
2.25 (0.98-5.15)
1.69 (0.83-3.46)
0.98 (0.43-2.19)

1.51 (0.64-3.57)
5.97 (2.65-13.47)

Early family environment

Father separated/divorced
Mother inconsistent with rules
Not close to father

Not close to mother

Childhood physical/sexual abuse

1.28 (0.86-1.90)
1.65 (1.06-2.57)
1.05 (0.62-1.77)
1.34 (0.66-2.72)
1.54 (0.99-2.38)

1.01 (0.53-1.91)
2.37 (1.26-4.46)
1.36 (0.62-2.96)
1.66 (0.56-4.91)
3.27 (1.80-5.94)

0.87 (0.43-1.75)
3.07 (1.41-6.72)
2.11 (1.01-4.40)
2.32 (0.79-6.85)
3,58 (1.77-7.25)

Demogr aphics

Male gender
Age 18 and older

Non-Caucasian

2.68 (1.90-3.80)
8.36 (4.17-16.76)
1.01 (0.63-1.60)

1.10 (0.63-1.91)
3.31(1.14-9.65)
0.75 (0.31-1.84)

4.79 (2.41-9.54)
6.45 (1.32-31.43)
0.27 (0.07-0.99)

'ZCIass 1 is reference group; model adjusted for missing data on mothers and siblings,

ZAUD = alcohol abuse/dependence.

3AUD-MDD-ANX = alcohol abuse/dependence, major depressive disorder and any anxiety disorder (social phobia, panic disorder, generalized

anxiety disorder).
4

SUD - CD = alcohol abuse/dependence, marijuana abuse/dependence, nicotine dependence and conduct disorder.

Bold text = statistically significant odds ratios.
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Model 3, multinomial logistic regressions showing associations of class membership? with familial risk factors
(father’s 4-group design variable indicating levels of genetic and environmental risk, paternal and maternal
substance use and psychiatric disorders and sibling problem substance use), family environment and non-
family environment adjusted for offspring demographics?

Class 2 AUD?

Class3 AUD-MDD-ANX3  Class4 SUD-CD#

OR (95% ClI)

OR (95% ClI)

OR (95% ClI)

Familial risk factors

Father’s 4-group design

Group 1, HG & HE

Group 2, HG & LE

Group 3, MG & LE

Group 4,LG & LE
Maternal marijuana abuse/ dependence
Father current or former smoker
Paternal externalizing disorder
Maternal depression
Sibling alcohol problems
Sibling drug use

Marijuana or other drug only

Marijuana and other drugs

1.60 (0.98-2.63)
1.33 (0.63-2.82)
1.20 (0.60-2.42)
1.0
1.22 (0.56-2.65)
1.28 (0.82-2.01)
0.80 (0.46-1.39)
1.49 (0.93-2.37)
1.05 (0.62-1.76)

1.59 (1.02-2.46)
3.21 (1.91-5.40)

1.06 (0.51-2.23)
0.38 (0.10-1.50)
0.53 (0.16-1.74)
1.0
0.57 (0.15-2.20)
1.25 (0.62-2.51)
0.87 (0.40-1.87)
3.33(1.72-6.46)
2.76 (1.40-5.42)

1.18 (0.58-2.40)
2,53 (1.29-4.93)

1.55 (0.56-4.28)
0.95 (0.24-3.78)
1.18 (0.25-5.66)
1.0
2.81 (0.99-7.96)
1.02 (0.49-2.14)
1.82 (0.81-4.12)
1.54 (0.74-3.20)
1.04 (0.44-2.46)

1.37 (0.57-3.30)
5.81 (2.52-13.40)

Early family environment

Father separated/divorced
Mother inconsistent with rules
Not close to father

Not close to mother

1.26 (0.82-1.94)
1.73 (1.07-2.78)
1.09 (0.63-1.89)
1.45 (0.66-3.16)

1.03 (0.54-1.99)
2.31(1.22-4.38)
1.35 (0.62-2.91)
1.80 (0.58-5.54)

0.91 (0.43-1.90)
2.75 (1.21-6.26)
1.89 (0.88-4.07)
2.56 (0.82-7.99)

Childhood physical/sexual abuse 1.47 (0.93-2.34) 3.30(1.81-6.02) 3.42 (1.69-6.93)
Non-family environment?
Friends smoke 2.52 (1.73-3.69) 2.50 (1.26-4.95) 11.0 (4.20-28.78)
Friends drink alcohol at least weekly ~ 2.99 (1.74-5.14) 1.28 (0.60-2.72) 1.26 (0.56-2.86)
Demogr aphics
Male gender 2.63(1.83-3.77) 1.06 (0.60-1.87) 4.75 (2.35-5.60)

Age 18 and older

Non-Caucasian

5.27 (2.42-11.47)
1.30 (0.78-2.18)

2.67 (0.89-8.02)
0.96 (0.40-2.31)

4.23 (0.85-21.10)
0.37 (0.10-1.44)

JCIass 1 is reference group; model adjusted for missing data on mothers and siblings,

ZAUD = alcohol abuse/dependence.

3AUD—MDD—ANX = alcohol abuse/dependence, major depressive disorder and any anxiety disorder (social phobia, panic disorder, generalized

anxiety disorder).

4SUD — CD = alcohol abuse/dependence, marijuana abuse/dependence, nicotine dependence and conduct disorder.
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5exc|udes friend drug use due to empty cells.

Bold text = statistically significant odds ratios.
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