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Abstract

Risk factors for the development of cannabis use disorders (CUDs) have been well–researched. Comparatively little is known, however, about factors associated with the persistence of CUDs over time. This research explored whether the temporal sequencing of comorbid psychiatric disorders in relation to the onset of the index CUD episode were associated with the length of this episode. Four comprehensive diagnostic assessments were conducted between ages 16 and 30 with a large and regionally representative community sample (n = 816), among which 173 persons were diagnosed with a lifetime CUD. In separate unadjusted analyses, any internalizing disorder and any mood disorder with onset prior to that of the index CUD episode were each significantly and negatively associated with CUD duration. These effects, however, were reduced to trend-level in adjusted analyses that controlled for putative confounders. Following the onset of the index CUD episode, the subsequent occurrence of any axis I disorder, internalizing disorder, externalizing disorder, or other substance use disorder during the index CUD episode was significantly and positively associated with the duration of that episode in both unadjusted and adjusted analyses. These findings collectively suggest that the presence of internalizing-spectrum disorders prior to the onset of the index CUD episode affords some modest protection against protracted episodes, whereas the emergence of broad-spectrum psychopathology within the index CUD episode, most notably non-cannabis substance use disorders, is associated with greater disorder persistence. The relevance of these findings for various motivational models of cannabis addiction is discussed.
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Cannabis abuse and dependence disorders (or, collectively, cannabis use disorders; CUDs) are often age limited. By age 35, most individuals with prior CUD diagnoses no longer meet diagnostic criteria or have ceased cannabis use altogether (Farmer et al., 2015a; Newcomb, Galaif, & Locke, 2001; Perkonigg et al., 2008). For others, however, CUDs are persistent conditions that extend 5 to 10 years or longer following the baseline diagnosis (Farmer et al., 2015a; Lopez-Quintero et al., 2011; Lynskey et al., 2006; Newcomb et al., 2001; Perkonigg et al., 2008). Among those who regularly use or abuse cannabis, concurrent and lifetime comorbid psychiatric disorders are common (Armstrong & Costello, 2002; Costello, Erkanli, Federman, & Angold, 1999; Roberts, Roberts, & Xing, 2007). The influence that other disorders have on CUDs is important for understanding processes that contribute to the etiology and course of CUDs, as well as for the development of interventions that seek to reduce or eliminate cannabis use (Angold, Costello, & Erkanli, 1999; Armstrong & Costello, 2002). The present research explores the temporal sequencing of CUDs with other psychiatric disorders and the associations that comorbidity patterns have with the persistence of the index CUD episode.

Common psychiatric disorders can be subsumed under two broad and moderately related superordinate psychopathology domains: internalizing and externalizing. These domains of psychopathology account well for patterns of psychiatric symptom and disorder covariation among children and adults in cross-sectional and longitudinal studies (e.g., Achenbach, 1966; Farmer, Seeley, Kosty, Olino, & Lewinsohn, 2013b; Kessler et al., 2011; Krueger & Markon, 2006; Lahey et al., 2008), and have been proposed as a guiding framework for research on common causal pathways that account for disorder comorbidity (Kessler et al., 2011; Krueger, 1999). Internalizing (e.g., mood and anxiety disorders) and externalizing psychopathology (e.g., disruptive behavior and substance use disorders [SUDs]) have been associated with the persistence of cannabis use over time (Chen & Kandel, 1998; Flórez-Salamanca et al., 2013; Perkonigg et al., 2008; van den Bree & Pickworth, 2005), although the temporal sequencing of these problems in relation to the onset of CUDs remains uncertain.

Several motivational models of addiction highlight the relevance of comorbid conditions and their temporal sequencing for ongoing drug use. The tension reduction model (Conger, 1956) and the more contemporary self-medication model (Khantzian, 1985; Quitkin, Rifkin, Kaplan, & Klein, 1972), for example, assume that problems with mood or anxiety are primary conditions and that substance use is a secondary condition whereby substances are used as a means of providing temporary relief from persistent negative moods. In contrast, the substance-induced enhancement model suggests that multiple intoxication and withdrawal experiences increase susceptibility to anxious and depressed moods that, in turn, occasion subsequent substance use due to the temporary relieving effects from negative moods that substance use affords (Kushner, Sher, & Beitman, 1990; Zvolensky, Schmidt, & Stewart, 2003).

Whereas the tension reduction/self-medication and substance-induced enhancement frameworks imply different directional temporal relations between problematic cannabis use and internalizing features, reward processing dysfunction models suggest temporal continuity between cannabis misuse and other forms of externalizing psychopathology due to common causal factors. The reward deficiency hypothesis (Blum et al., 2000; Blum, Gardner, Oscar-Berman, & Gold, 2012; Comings & Blum, 2000), for example, attributes substance use initiation, persistent substance use, and habitual reward-seeking, risk-taking, and impulsive behaviors to a hypo-responsive reward processing system whereby aberrant reward-seeking behavior is regarded as a compensatory response to a reward-deficiency state. The impulsivity hypothesis conversely suggests that individuals with externalizing tendencies have an overly-sensitive or hyper-responsive reward system that produces a behavioral bias toward the active pursuit of immediate rewards, including substance-seeking behavior (Finn, Mazas, Justus, Steinmetz, 2002; Hariri et al., 2006; Hommer, Bjork, & Gilman, 2011; Jager, Block, Luijten, & Ramsey, 2013; Joseph, Liu, Jiang, Lynam, & Kelly, 2009). Despite differences in presumed underlying mechanisms among these theories, they each propose that externalizing tendencies signal dysfunctional reward processing that, in turn, enhances risk for substance initiation, SUDs, and the persistence of SUDs over time.

Whereas the reward deficiency and impulsivity hypotheses posit reward processing dysfunctions that precede the onset of SUDs that subsequently influence their course, the allostatic hypothesis (Koob & Le Moal, 2005; 2008; see also Koob et al., 2014) emphasizes the motivational aspects of ongoing drug use. In this model, responses to drug administration among drug-naïve individuals are initially experienced as positively rewarding or reinforcing. Repeated drug exposures over time, however, are thought to result in a degradation of reward system functioning, leading to a progressively decreasing sensitivity to positive reward cues unrelated to substance use and an enduring reliance on substances to produce positive hedonic responses. Among heavier or chronic cannabis users, periods of acute drug abstinence also occasion negative emotional states (e.g., irritability, dysphoria, malaise, anhedonia) that, in turn, establish a motivation for drug use as a means for gaining relief from these aversive states. The progression from occasional user to chronic user, then, is one in which there is a corresponding shift from substance use as a positively reinforced reward-seeking behavior to a negatively reinforced compulsive behavior. With respect to comorbid psychopathology, this model suggests that negative mood states related to frequent intoxication/withdrawal cycles evolve into more protracted or chronic conditions (i.e., internalizing psychopathology). Because the allostatic theory is not drug specific, the emergence of non-cannabis SUDs following the onset of the index CUD episode is also anticipated and thought to reflect expanded efforts to gain relief from reward deficient states and acute negative moods stemming from prolonged heavy cannabis use.
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The Current Study

The present research explores whether psychiatric disorder comorbidity with CUDs, operationalized variously based on the temporal sequencing of these conditions when referenced to the onset of the index CUD episode, is associated with shorter or longer index CUD episodes. Factors associated with CUD disorder duration have been little researched despite the centrality of episode duration as a defining feature of SUDs. From a preventive perspective, the duration of cannabis use or CUD episodes is a particularly informative phenotype when investigating factors that contribute to a liability to use or abuse cannabis (Lynskey et al., 2006). From an epidemiological perspective, once disorder duration reaches a certain point, recovery becomes substantially less probable over an ensuing time period (Patten, 2006). From an applied perspective, disorder duration appears to be largely influenced by the secondary harmful effects of the disorder itself (Koob & Le Moal, 2008; Patten, 2006), such as resulting cognitive impairments (Solowij et al., 2002) and negative mood states (e.g., Koob & LeMoal, 2008). Understanding the temporal sequencing of CUD comorbidity and its associated effects on the course of CUDs can inform cannabis addiction theory, clarify possible causal associations among pairs of disorders, and highlight factors that, in addition to cannabis use, might be targeted in interventions that promote cannabis abstinence or reductions in use.

Although we primarily view the present research as exploratory, motivational models of substance use development and persistence summarized above suggest that comorbid psychopathology and associated processes are relevant for the persistence of CUDs over time. The various models reviewed, however, emphasize different forms of psychopathology as well as different temporal associations with CUD onset. At the disorder level of analysis, the self-medication, substance-induced enhancement, and allostatic models are distinguished by the temporal sequencing that CUDs have with internalizing disorders. In the traditional self-medication model, internalizing disorders are regarded as temporal antecedents to CUDs, whereas in the substance-induced enhancement and allostatic models internalizing disorders are primarily regarded as consequences of CUDs. The reward deficiency and impulsivity models associate externalizing disorders inclusive of CUDs with trait-like dysfunctional reward processing that, in turn, occasions aberrant approach or reward-seeking behavior and, consequently, an enhanced risk for longer CUD episode durations. The allostatic hypothesis, in comparison, emphasizes the secondary psychopathology that emerges after prolonged substance use, including the additional compensatory functions that the misuse of other substances affords. Although the present research is not designed to directly test presumed causal mechanisms associated these various motivational theories in relation to CUD disorder persistence, observed patterns of comorbidity sequencing will be interpreted with respect to predictions suggested by these models when framed at the disorder-level of analysis.
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Method

Participants

The sample for this research was drawn from the Oregon Adolescent Depression Project (OADP; Lewinsohn, Hops, Roberts, Seeley & Andrews, 1993). Initial participant recruitment for the OADP took place at 9 randomly selected high schools within western Oregon. The first assessment wave (T1) involved a cohort of 1,709 adolescents between the ages of 14 and 19 (M = 16.6, SD = 1.2) who were reassessed about one year later (T2) with a retention rate of 88% (n = 1,507). The third assessment wave (T3) occurred as participants approached their 24th birthday. Because of the extensive costs of reassessing all participants, a stratified sampling procedure was implemented at T3 whereby all persons with a positive psychiatric history by T2 (n = 644), all non-Caucasian T2 participants (to strengthen racial and ethnic diversity), and a randomly selected subgroup of persons who were negative for any history of mental disorder by T2 (n = 457 of 863 persons) were recruited. Following the implementation of stratification procedures, 1,101 participants were recontacted to take part in the T3 assessment, of which 941 (85%) completed the evaluation. The T4 assessment (~ age 30), conducted approximately 6 years after T3, included 816 T3 participants (87%). Most persons within the T4 panel self-identified as Caucasian (89%) and currently married (53%), and a minority of participants (41%) reported having earned a bachelor’s degree or a higher. Analyses of participant attrition (Farmer et al., 2015a; Farmer, Kosty, Seeley, Olino, & Lewinsohn, 2013a; Lewinsohn et al., 1993) revealed minimal sample biases related to discontinuation of study participation.

The lifetime prevalence rate for CUDs in the OADP sample by age 30 was 19.1% of the weighted T4 panel (22.5% of males, 95% CI = 18.2–26.8; 16.4% of females, 95% CI = 13.1–19.7; p < .05) (Farmer et al., 2015a; see this report for additional findings on the natural course of CUDs for this sample). The 173 persons (86 women, 87 men) diagnosed with a lifetime CUD by age 30 constitute the sample for the present research. Among the 173 index episodes, 87 (50.3%) were diagnosed as cannabis dependence and 86 (49.7%) as cannabis abuse. In an unadjusted analysis, a cannabis dependence (versus abuse) diagnosis was not significantly associated with the duration of the index CUD episode measured in month-length increments (regression coefficient = 3.01, p = .665).

Demographic Variables and Other Putative Confounders

Several variables were evaluated as potential confounders. These variables included participant characteristics and history (i.e., gender, race, pubertal timing, history of repeating a grade before age 12) and household characteristics at T1 (dual parent vs. single parent household, education levels of male and female heads of household, age of heads of household, and number of older siblings).

Assessment of Diagnostic Categories

T1–T4 diagnostic assessment procedures 

During T1, T2, and T3, participants were interviewed with a version of the Schedule for Affective Disorders and Schizophrenia for School-Age Children (K-SADS) that combined features of the epidemiologic (Orvaschel, Puig-Antich, Chambers, Tabrizi, & Johnson, 1982) and present episode (Chambers et al., 1985) versions. The T4 assessment included administration of the Structured Clinical Interview for Axis I DSM-IV Disorders – Non-Patient Edition (SCID-NP; First, Spitzer, Gibbon, & Williams, 1994). Assessments of disorders at T2, T3, and T4 also involved the joint administration of the Longitudinal Interval Follow-Up Evaluation (LIFE; Keller et al., 1987) that, in conjunction with the K-SADS and SCID-NP, provided detailed information related to the presence and course of disorders since participation in the previous diagnostic interview. Symptoms of antisocial personality disorder (ASPD) were assessed at T3 with the Personality Disorder Examination (PDE; Loranger, 1988) modified to permit DSM-IV defined diagnoses. At T4, the International PDE (Loranger et al., 1994) was used to assess ASPD. Diagnostic categories were evaluated in accordance with DSM-III-R criteria (American Psychiatric Association, 1987) at T1 and T2 and DSM-IV criteria (American Psychiatric Association, 1994) at T3 and T4. Diagnostic interviewers were trained to adhere to interview protocols associated with the semi-structured interview used and to abide by all DSM-based hierarchical diagnostic decision rules.

For the primary analyses described below, we combined cannabis abuse and dependence diagnoses into a single category (CUDs) to indicate problematic cannabis use that resulted in significant impairment in functioning to the point that it rises to the threshold of diagnosis and, consequently, warrants clinical attention. Diagnostic agreement among raters for CUD diagnoses since the previous interview was good to excellent (kappa: T1 = .72, T2 = .93, T3 = .83, T4 = .82), as were assessments of other major diagnostic categories (see Farmer, Seeley, Kosty & Lewinsohn, 2009, and Seeley, Kosty, Farmer, & Lewinsohn, 2011, for details on reliability assessments).

Duration of CUD episodes 

In the present research, the CUD duration variable refers to the length (in months) of the index CUD episode. For individuals who remained within the index CUD episode at age 30.0 (n = 25), the duration of this episode up until this age was used as the predicted variable. The intraclass correlation coefficient (ICC) that indexed the degree of agreement among raters with respect to the duration of the index CUD episode was .83. ICCs that indexed rater agreement for age (in months) for CUD disorder onsets and offsets in instances where both raters agreed on the occurrence of an index CUD episode were high (ICCs = .94 and .95 for disorder onsets and offsets, respectively).

Definitions of Comorbidity Types and Psychiatric Disorder Domains

Comorbidity definitions 

Comorbid relations were analyzed based on the temporal sequencing of disorder occurrences referenced to the onset of the index CUD episode. Precursory comorbidity, as used in the present research, refers to groups of related disorders that had their onsets prior to that of the index CUD episode. These disorders, then, can be regarded as pre-existing conditions that potentially enhance or attenuate risk for time spent in the subsequent CUD episode. Correspondingly, disorders in this category include those that had onsets and offsets prior to the index CUD episode (sometimes referred to as successive comorbidity; see Angold et al., 1999) and those that began prior to onset of the index CUD episode and whose duration extended to some degree into the boundaries of the index episode (sometimes referred to as primary comorbidity; Angold et al., 1999). Ensuing comorbidity (sometimes referred to as secondary comorbidity; Angold et al., 1999) refers to groups of related disorders that began after the onset of the index CUD episode and whose episode boundaries temporally overlapped to some degree with that of the index CUD episode. Coincident comorbidity (sometimes regarded as an aspect of concurrent comorbidity; Angold et al., 1999) refers to instances where non-CUD disorders and the index CUD episode had simultaneous onsets (i.e., occurred within the same calendar month). In subsequent analyses that involved the prediction of the index CUD episode duration, we present data separately for precursory, ensuing, and coincident plus ensuing comorbidity. We analyze the latter combined comorbidity category in response to the relatively large proportion of simultaneous onsets of CUDs and other SUDs (discussed further below).

Organization of psychopathology predictors into hierarchical domains 

For all primary analyses, we hierarchically organize psychiatric disorder predictors of CUD duration at three levels of specificity or inclusiveness. We do so in recognition that individuals can be represented as members of a narrowly defined subset that, in turn, can be subsumed by successive groups at more inclusive levels within a hierarchy. As disorders are organized along vertical lines of inclusiveness or breadth, they increasingly vary in terms of their heterogeneity of membership (Blashfield & Draguns, 1976; Hampson, John & Goldberg, 1986; Goldberg, 1993).

In the present research, the most broad or inclusive level is the omnibus domain, which is based on the presence versus absence of any diagnosed internalizing or externalizing psychiatric disorder within the time period specified. The next level of the hierarchy, the superordinate domain level, is based on the subdivision of the omnibus domain into two distinct sets of related disorders, internalizing (mood and anxiety disorders) and externalizing (disruptive behavior disorders and other substance use disorders). At the subdomain level, internalizing and externalizing domain disorders are further subdivided, respectively, into mood disorders (major depressive disorder, dysthymia, bipolar spectrum disorders), anxiety disorders (simple/specific phobia, social phobia, agoraphobia, panic disorder, separation anxiety disorder, obsessive compulsive disorder, generalized anxiety disorder, acute stress disorder, post-traumatic stress disorder), disruptive behavior disorders (attention deficit/hyperactivity disorder, oppositional defiant disorder, conduct disorder, ASPD) and non-cannabis related SUDs, which include alcohol use disorders (either an alcohol abuse or dependence diagnosis) and hard drug use disorders (either an abuse or dependence diagnosis related to the illicit use of substances other than alcohol or cannabis).

Statistical Analyses

Unadjusted and adjusted analyses 

Sequential multiple regression analyses were used to test whether psychiatric disorder comorbidity was associated with the duration of the index CUD episode. These analyses involved an unadjusted analysis and an adjusted analysis. In unadjusted analyses, predictor variables were evaluated without concurrent consideration and control of demographic confounder variables and other psychiatric disorder domains. When significant unadjusted effects were observed, adjusted analyses were performed that considered and controlled for the possible influence of demographic confounder variables and other psychiatric disorder domains within the same level of the hierarchy as the predictor. If, for example, comorbid externalizing psychopathology was significantly associated with CUD duration in an unadjusted analysis, we then conducted an adjusted analysis that evaluated comorbid externalizing psychopathology as a predictor of CUD duration after putative demographic confounders and comorbid internalizing psychopathology were controlled.

In the model results, we reported r2 statistics to describe the proportion of variance in CUD duration explained by the target predictor in each analysis. To reduce Type I error rates associated with multiple statistical tests within each level of the disorder hierarchy, we applied the Benjamini-Hochberg correction in unadjusted and adjusted analyses and reported adjusted p-values (Benjamini & Hochberg, 1995). All analyses were conducted using SPSS version 21.0.

Participant weighting 

Caucasian participants without a psychiatric diagnosis by T2 were under-sampled at T3 and T4 as a result of the unequal stratified sampling strategy implemented at T3. To adjust for the stratified sampling procedure, Caucasian participants with no lifetime diagnosis by T2 were assigned normalized sampling weights that reflected the probability of this subgroup being sampled during T3 and T4 assessments. Normalized sampling weights were calculated to avoid deflating standard errors and confidence intervals of the parameter estimates. All findings subsequently presented are based on weighted data.
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Results

Descriptive Data and Demographic Variables as Predictors of CUD Duration

In the subsample of persons with CUD histories, the mean duration of the index CUD episode through age 30.0 was 43.7 months (SD = 45.5; Mdn = 26.0; skewness = 1.4; kurtosis = 1.7). Bivariate associations between participant and family demographic variables and CUD duration are summarized in Table 1. Male participants, when compared to female participants, had significantly longer index CUD episodes on average (Ms = 56.3 and 30.2, respectively; t[171]= −3.91, p < .001). All participant and family demographic variables, regardless of their individual significance, were included among the covariates in adjusted analyses reported below.





Table 1
Descriptive Statistics for Demographic Variables and Bivariate Associations with the Duration of Index Cannabis Use Disorder Episode (n = 173)

Rates of Psychopathology Associated with Each Type of Comorbidity

Among participants with CUD histories, 93.4% (SE = 1.7) had at least one other psychiatric diagnosis by age 30.0. Table 2 presents data on rates of psychopathology among OADP participants with a history of CUD through age 30.0 for time periods and diagnostic categories pertinent to the present research. Data are presented separately for each type of comorbidity examined, as are rates within each level of the disorder domain hierarchy: omnibus, superordinate, and subdomain. A noteworthy finding in this table, evident when data in the ensuing comorbidy and coincident plus ensuing comorbidity columns are compared, is the disproportionately large percentage of non-cannabis related SUDs that emerged simultaneously (i.e., within the same calendar month) with the index CUD episode. To better understand this phenomenon, we further subdivided non-cannabis SUDs into more refined categories. For alcohol use disorders, rates (and standard errors) for precursory, ensuing, and coincident plus ensuing are 17.7 (2.6), 15.0 (2.4), and 28.9 (3.1), respectively. Comparable figures for hard drug use disorders are 5.1 (1.5), 6.5 (1.7), and 24.6 (2.9), respectively.




Table 2
Rates of Comorbid Psychopathology with Cannabis Use Disorder (CUD) (n = 173)

Precursory Comorbidity: Pre-Existing Psychopathology as Predictors of CUD Duration

Table 3 summarizes precursory comorbid psychiatric predictors of CUD duration at each of three hierarchical levels of disorder organization.




Table 3
Psychiatric Predictors of the Duration of the Index Cannabis Use Disorder (CUD): Unadjusted and Adjusted Analyses for Precursory Comorbidity (n = 173)

Omnibus level 

In unadjusted analyses, the presence of any precursory comorbid psychopathology was not significantly associated with CUD duration (p = .120).

Superordinate domain level 

In unadjusted analyses, precursory comorbid internalizing psychopathology was significantly and negatively associated with CUD duration (r2 = .039, p = .019). The association with precursory comorbid externalizing psychopathology, however, was not significant (p = .744).

We further investigated the unadjusted finding for precursory comorbid internalizing psychopathology in adjusted analyses that controlled for participant and family demographic variables as well as precursory comorbid externalizing psychopathology. In this adjusted analysis, precursory comorbid internalizing psychopathology exhibited a non-significant trend and negative association with CUD duration (semi-partial r2 = .019, p = .058).

Subdomain level 

With sufficient rates of occurrence (> than 10%; see Table 2), we were able to evaluate mood disorder, disruptive behavior disorder, and other SUD subdomains as precursory comorbid predictors of CUD duration. In unadjusted analyses, precursory comorbid mood disorders (r2 = .036, p = .038) were significantly and negatively associated with CUD duration. Precursory comorbid disruptive behavior disorders (p = .461) and other SUDs (p = .332) were not associated with CUD duration.

Significant unadjusted findings for precursory comorbid mood disorders were followed up with adjusted analyses that controlled for participant and family demographic variables as well as other precursory comorbid psychopathology that was not the primary predictor variable in the analysis. The unadjusted effect associated with precursory comorbid mood disorders was no longer statistically significant in the adjusted analysis, and was instead reduced to a trend-level effect (semi-partial r2 = .015; p = .097).

Ensuing Comorbidity: Overlapping Psychopathology with Onsets after the Initiation of the Index CUD Episode as Predictors of Cumulative CUD Duration

The left half of Table 4 summarizes ensuing comorbid psychiatric predictors of cumulative CUD duration for those psychopathology domains that occurred with sufficient frequency to be considered for analysis.




Table 4
Psychiatric Predictors of the Duration of the Index Cannabis Use Disorder (CUD): Unadjusted and Adjusted Analyses for Ensuing Comorbidity and Coincident Plus Ensuing Comorbidity (n = 173)

Omnibus level 

In unadjusted analyses, the presence of any ensuing comorbid psychopathology was significantly associated with cumulative CUD duration (r2 = .167, p < .001). In adjusted analyses that controlled for participant and family demographic variables, the effect for any psychopathology remained significant (semi-partial r2 = .140, p < .001).

Superordinate domain level 

In unadjusted analyses, the presence of any ensuing internalizing (r2 = .070, p < .001) and externalizing (r2 = .163, p < .001) psychopathology was significantly and positively associated with cumulative CUD duration. In a subsequent adjusted analysis, the presence of any ensuing comorbid internalizing (semi-partial r2 = .027, p = .015) and externalizing (semi-partial r2 = .079, p < .001) psychopathology remained significantly associated with cumulative CUD duration.

Subdomain level 

Based on sufficient rates of occurrence, we were able to evaluate two subdomain categories as predictors of cumulative CUD duration. In unadjusted analyses, ensuing comorbid mood disorders (r2 = .035, p = .013) and other SUDs (r2 = .242, p < .001) were each significantly and positively associated with cumulative CUD duration. In adjusted analyses, ensuing comorbid mood disorders were no longer significant predictors (p = .174). Non-cannabis SUDs, however, remained significantly associated with CUD duration (semi-partial r2 = .114, p < .001).

Coincident and Ensuing Comorbidity Combined: Contemporaneous and Subsequent Comorbid Disorders as Predictors of Cumulative CUD Duration 

The right half of Table 4 summarizes findings when coincident and ensuing comorbid disorders are combined and evaluated as predictors of CUD duration. When these findings are compared with those displayed in the left half (i.e., ensuing comorbidity only), few differences are evident. Differences include findings related to mood disorders in the unadjusted analysis, which in coincident plus ensuing analysis are only trend-level predictors (p = .074) of CUD duration.

Effect of Psychosocial and Medical Interventions on CUD Duration

We investigated whether receiving some type of treatment (i.e., medication, consultation, therapy) during in the index CUD episode had an effect on the duration of that episode. In an unadjusted analysis, receiving any type of intervention during the index episode was not significantly associated with CUD duration (regression coefficient = −11.9, beta = −.11, p = .162).
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Discussion

This research evaluated psychopathology-based predictors of index CUD episode duration as a function of the temporal sequencing of psychiatric disorder comorbidity from childhood to age 30. At the disorder-level of analysis, psychopathology that developed after the onset of index CUD episode (i.e., ensuing comorbidity with or without coincident comorbid cases) consistently demonstrated the strongest associations with CUD duration. Following the onset of the index CUD episode, the emergence of any subsequent axis I disorder, internalizing disorder, externalizing disorder, and any non-cannabis related SUD were each significantly associated with longer CUD durations in unadjusted and adjusted analyses. At the narrowest or most refined level of the disorder hierarchy, non-cannabis SUDs demonstrated the largest effects in relation to CUD duration. Significant effects related to externalizing psychopathology are consistent with findings from other studies where externalizing behaviors have been associated with the persistence of cannabis use over time (Chen & Kandel, 1998; Perkonigg et al., 2008; van den Bree & Pickworth, 2005) or a decreased probability of CUD remission (Lopez-Quintero et al., 2011). The temporal sequencing of externalizing psychopathology with the index CUD episode in these earlier studies, however, is often unclear. Findings from this study suggest that externalizing psychopathology that emerges conjointly or during but not before the index CUD onset is most relevant for the persistence of CUDs over time.

The disproportionately high rates of simultaneous onsets of CUDs and other SUDs suggest that once substance use has risen to the level of a “use disorder,” the function of drug use may have correspondingly shifted from a behavior that primarily produces positive reinforcing consequences to a compulsive behavior that is primarily maintained by negative reinforcement processes (Koob, 2009; Koob et al., 2014). The emergence of additional SUDs following CUD onset may also signal the overall severity of reward deficient states, an overly strong reward-seeking predisposition, or difficulties in inhibiting responses to drug-related reward cues. Additional research is needed to identify which mechanism (e.g., chronic reward deficiency, hyper-responsiveness to reward cues, inhibition deficits) or behavior functions (e.g., positive or negative reinforcement) best accounts for the observed comorbidity sequencing patterns.

Unadjusted and adjusted ensuing comorbidity findings (both with and without coincident cases) for internalizing disorders were similar to those for externalizing disorders. Those who developed an internalizing disorder after the onset of the index CUD episode had, on average, longer CUD durations. These findings are consistent with the substance-induced enhancement and allostatic models, both of which emphasize the emergence of internalizing psychopathology as a consequence of SUDs and the role of negative reinforcement processes related to the maintenance SUDs over time. Consistent with such formulations, the use of cannabis to cope with negative affect has been previously associated with greater cannabis-related problems and more cannabis dependence symptoms (Buckner, Bonn-Miller, Zvolensky, & Schmidt, 2007; Buckner, Zvolensky, & Schmidt, 2012; Fox, Towe, Stephens, Walker, & Roffman, 2011). Research presented here, however, suggests that the directional association between internalizing disorders and index CUD episode duration is dependent on the temporal sequencing of these disorders in relation to the onset of the index CUD episode. Whereas internalizing disorders that emerged after the onset of the index CUD episode were consistently associated with longer amounts of time in episode, internalizing disorders that emerged prior to the onset of the index CUD episode were significantly and negatively associated with cumulative CUD duration in unadjusted analyses and trend-level (corrected p < .06) in adjusted analyses. These latter findings suggest that the experience of an internalizing disorder prior to the onset of the index CUD episode is a modest protective factor against longer CUD durations. These observations are also consistent with earlier reports that internalizing features may protect against subsequent substance use or abuse (Colder et al., 2013; Fite, Colder, & O’Connor, 2006; Windle, 1993) and that individuals with histories of depression are less likely to use cannabis for self-medication purposes (Arendt et al., 2007).

Precursory comorbidity findings associated with internalizing disorders also present a challenge for the tension-reduction and traditional self-medication models that conceptualize SUDs as a secondary manifestation of primary internalizing psychopathology or mood disorders. These models have also received equivocal support in epidemiological studies of alcohol abuse or dependence disorders (e.g., Chartier, Hesselbrock, & Hesselbrock, 2010; Tomlinson, Tate, Anderson, McCarthy, & Brown, 2006; Zucker, Donovan, Masten, Mattson, & Moss, 2008). Obtained findings in the present research instead provide greater support for other possibilities. Internalizing features, for example, have been associated with behavioral inhibition (e.g., Zinbarg & Yoon, 2008). Inhibitory tendencies may counteract to some degree any reward-related dysfunctional processes that stimulate aberrant approach or reward-seeking behaviors by increasing the salience of potential negative consequences associated with such actions (Wills, Vaccaro, & McNamara, 1994). Similarly, persons with internalizing problems are less likely to affiliate with deviant peers who may have greater access to illicit substances (Fite et al., 2006). Alternatively, those who are predisposed to negative moods and other internalizing features prior to the onset of a SUD might experience cannabis use as less reinforcing, or cannabis use among such individuals might result in a more rapid intensification of internalizing symptoms, thus making continued use over time less likely.

In contrast to findings for pre-existing internalizing psychopathology, precursory externalizing psychopathology had no significant association with subsequent CUD duration. This finding, if replicable, poses a challenge for the reward deficiency and impulsivity hypotheses, each of which assumes that impairments related to reward processing are trait-like and present well before the emergence of the index CUD episode. To the extent that childhood and adolescent externalizing disorders reflect a behavioral bias toward the active pursuit of immediate rewards (e.g., Beauchaine & Gatzke-Kopp, 2012), one would have expected that their manifestation prior to the index CUD episode would foretell longer amounts of time in episode provided that cannabis use is an additional indicant of aberrant reward-seeking behavior.

Lastly, we found that being male accounted for considerable variance (r2 = .082) in the duration of the index CUD episode. This finding is consistent with prior research that has associated the persistence of cannabis use and abuse with male gender (Chen & Kandel, 1998; Lynskey et al., 2006; Perkonigg et al., 2008). Based on our full sample, we earlier reported that male gender was also a predictor of CUD onset (Farmer et al., 2015b). Other researchers have also reported that males use cannabis more frequently or at higher rates compared to females (e.g., Kandel & Chen, 2000; Perkonigg et al., 2008). Despite the robustness of gender-based risk for cannabis use and CUDs, the specific mechanisms underlying this risk are not well understood and clearly warrant additional research.

A few noteworthy study limitations should be considered in conjunction with the reported findings. First, childhood and early adolescent diagnostic data (< age 16) as well as disorder data between T2 and T3 and T3 and T4 assessments were based on retrospective reports. Retrospective assessments are known to introduce recall-related biases that generally favor the under-reporting of psychopathology (Moffitt et al., 2010). Second, the racial and ethnic diversity of the sample was limited; consequently, the extent to which the present findings generalize to diverse groups is unknown. Third, we were unable to determine for all cases whether incarceration occurred during the index CUD episode and, consequently, whether such experiences impacted CUD duration. Fourth, this research did not evaluate underlying mechanisms suggested by various motivational models associated with comorbid psychopathology that, in turn, might better account for observed effects related to CUD duration. This includes microprocesses associated with withdrawal in the allostatic model. Fifth, given the nature of the treatment record data, we were unable to determine whether individuals who sought some type of intervention during the index CUD episode did so primarily for cannabis-related problems or whether the intervention specifically targeted cannabis use.

When findings from the present research are considered alongside those from prospective studies that emphasize the identification of predictors of CUD onset, one implication is that processes associated with the risk for developing CUDs differ in important respects from those associated with its persistence or maintenance over time. Our earlier research with the OADP sample (Farmer et al., 2015b) as well as that performed by other teams with different representative samples (Blanco et al., 2014; Brook, Lee, Finch, Koppel, & Brook, 2011; Fergusson, Horwood, & Ridder, 2007; Hayatbakhsh et al., 2008; Tarter, Kirisci, Ridenour, & Vanyukov, 2008) generally converge on the observation that externalizing features or disorders predict CUD onset. In the present research, externalizing disorders present before the emergence of the index CUD episode (i.e., precursory comorbidity) had no relevance for the duration of the episode, observations that are theoretically inconsistent with the reward deficiency and impulsivity hypotheses. Similarly, our earlier research with the OADP sample (Farmer et al., 2015b) and that reported by others (Tarter et al., 2008) found no relationship between internalizing features or disorders and CUD onset risk. Others, however, have variously found that internalizing features or disorders represent a significant risk for CUD onset (Wittchen et al., 2007) or act a modest protective factor against substance use (Colder et al., 2013). In unadjusted analyses in the present research, there were indications that internalizing disorders prior to CUD onset might protect against longer CUD durations, although the magnitude of these effects were relatively small and the associated statistical significance was reduced to trend-level in adjusted analyses that controlled for demographic variables and other forms of psychopathology. Internalizing disorders after the onset of the initial CUD episode, however, were consistently associated with its persistence over time as was the emergence of non-cannabis SUDs. In need of further study is the suggestion from the present study’s findings and that of some theories of addiction (e.g., Koob & Le Moal, 2008; Koob et al., 2014; Kushner et al., 1990; Zvolensky et al., 2003) that cannabis abuse or dependence creates vulnerabilities to other forms of psychopathology, and that these outcomes establish a motivation for ongoing abuse and, consequently, a prolonged course of addiction.
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