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Abstract 

Background and aims: There is a documented link between common psychiatric disorders and 

substance use in adolescent males.  This study addressed two key questions: 1) Is there a within-person 

association between an increase in psychiatric problems and an increase in substance use among 

adolescent males?; and 2) Are there sensitive periods during male adolescence when such associations 

are more evident?  

Design 

Analysis of longitudinal data collected annually on boys randomly selected from schools based on a 

comprehensive public school enrollment list from the Pittsburgh Board of Education 

Setting 

Recruitment occurred in public schools in Pittsburgh, Pennysylvania, USA.  

Participants 

503 boys assessed at ages 13-19, average cooperation rate = 92.1% 

Measurements 

DSM-oriented affective, anxiety, and conduct disorder problems were measured with items from the 

caregiver, teacher, and youth version of the Achenbach scales. Scales were converted to T-scores using 

age- and gender-based national norms and combined by taking the average across informants. Alcohol 

and marijuana use were assessed semi-annually by a 16-item Substance Use Scale 
 
adapted from the 

National Youth Survey. 

Findings 

When male adolescents experienced a one-unit increase in their conduct problems T-score, their rate of 

marijuana use subsequently increased by 1.03 (95% confidence interval (CI): 1.01, 1.05), and alcohol 

quantity increased by 1.01 (95% CI: 1.0002, 1.02). When adolescents experienced a one-unit increase 
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in their average quantity of alcohol use, their anxiety problems T-score subsequently increased by 0.12 

(95% CI: 0.05, 0.19). These associations were strongest in early and late adolescence.  

Conclusions 

When adolescent boys experience an increase in conduct disorder problems, they are more likely to 

exhibit a subsequent escalation in substance use.  As adolescent boys increase their intensity of alcohol 

use, they become more likely to develop subsequent anxiety problems. Developmental turning points 

such as early and late adolescence appear to be particularly sensitive periods for boys to develop 

comorbid patterns of psychiatric problems and substance use.   
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Introduction 

Common psychiatric problems, including conduct disorder, depression and anxiety, are 

important risk factors for alcohol and marijuana use in adolescence 
1-8
. The consistent link between 

common psychiatric problems and substance use has led researchers and practitioners to suggest that 

by intervening early in adolescence to treat psychiatric disorders, we could reduce substance use 

problems by late adolescence 
2,4
. However, two key questions need to be answered before we can 

conclude that intervening on psychiatric problems will be an effective strategy to reduce substance use 

in adolescence.  

First, do adolescents who exhibit an increase in their psychiatric problems exhibit a subsequent 

increase in their substance use? Longitudinal studies provide consistent evidence that youth with 

higher levels of psychiatric problems are more likely to engage in substance use during adolescence 3. 

Etiologic theories to explain this comorbidity are based on causal pathway models, in which conduct 

disorder, depression, and anxiety result in substance use 
1,4,6,7

. Frequent explanations for these 

relationships are that children and adolescents with conduct disorder gravitate towards social 

environments that facilitate problem behaviors such as substance use 
5,8
 and that drugs like alcohol and 

marijuana are used to self-medicate or alleviate persistent symptoms of sadness and anxiety 
9,10

. 

However, existing studies have primarily examined whether youth with higher levels of psychiatric 

problems are more likely to use and abuse substances (i.e., inter-individual differences), rather than 

examining whether adolescents tend to increase their level of substance use during periods when their 

psychiatric problems increase (i.e., intra-individual change).  The latter approach represents a more 

direct examination of the self-medication hypothesis, where adolescents increase their substance use in 

an attempt to manage emerging psychiatric problems.  Few longitudinal studies have examined the 

association between intra-individual changes in mental health problems and substance use.  By 
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examining within-individual change, causal inference is enhanced because selection effects and all 

factors that vary between individuals (e.g., genotype, early trauma, prenatal complications) are ruled-

out as potential confounds.  It also provides a better indication of whether treating an adolescent’s 

psychiatric problems could potentially lead to a reduction in his substance use.  

The second key question is: Are there sensitive periods during adolescence when psychiatric 

problems play a particularly strong role in shaping substance use? Cerdá and colleagues 
9
 found no 

evidence that there was a sensitive period in which acute and chronic psychiatric problems were more 

strongly related to the onset of alcohol and marijuana use from childhood to late adolescence.  

Specifically, both recent (past year) and cumulative conduct disorder problems were associated with 

earlier alcohol and marijuana use onset in a cohort of boys followed from ages 7-19, whereas 

cumulative, but not recent, depression problems were associated with earlier alcohol use onset. 

However, there was no particular age of substance use initiation when psychiatric problems mattered 

the most.  In contrast, Maslowsky and colleagues 
10
 and Gibbons and colleagues 

11
 found evidence 

indicating that early conduct problems were a stronger predictor of alcohol and marijuana use in late 

adolescence than conduct problems in middle adolescence.  However, these three studies focused on 

between-individual differences in psychiatric problems and substance use.  Therefore, it is unclear 

whether there is a specific developmental period during adolescence when youth are more likely to 

escalate their drug and alcohol use in response to emerging psychiatric problems.  

One way to effectively address these two key questions is to use longitudinal data to examine 

whether youth tend to increase the frequency of their substance use after they experience an increase in 

their psychiatric problems, and test whether this association changes across development. This type of 

within-person change analysis eliminates the possibility that time-stable individual differences such as 

genotype, race/ethnicity, personality traits, family history of psychiatric problems and substance 
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dependence, and parenting problems 
12
 can explain the association between changes in psychiatric 

problems and substance use across adolescence 
13
. Hence, it controls for all unmeasured time-invariant 

confounders.  In addition, measured time-varying confounders can also be included as control 

variables (e.g., increase affiliation with deviant peers). Using this approach, researchers have shown 

that change in alcohol abuse or dependence and nicotine dependence in early adulthood predicted 

change in major depression in a birth cohort in New Zealand 
14,15

. Additionally, increasing frequency 

of cannabis use was associated with concurrent increasing depression problems in four Australasian 

birth cohorts 
16
.  But to our knowledge, no research has used this approach to establish the 

directionality of the relationship between common psychiatric problems and substance use: that is, to 

evaluate whether (1) an increase in conduct disorder, depression and anxiety problems leads to a 

subsequent increase in alcohol and marijuana use; (2) an increase in alcohol and marijuana use leads to 

a subsequent  increase in conduct disorder, depression and anxiety; or (3) a reciprocal relationship 

exists between psychiatric problems and substance use.  

Thus, the aims of the present study are to address the following questions: do adolescents 

experience an increase in the frequency and quantity of their alcohol and marijuana use following an 

increase in conduct disorder, depression, and anxiety problems? Are there specific periods during 

adolescence when increases in these mental health problems are more strongly related to escalations in 

substance use than others? We examine these questions in a longitudinal urban sample of males 

followed from ages 13 to 19, with yearly measures of psychiatric problems and substance use quantity 

and frequency. To establish the directionality of these associations, we examine both whether increases 

in alcohol and marijuana follow increases in conduct disorder, depression, and anxiety, and whether 

increases in conduct disorder, depression, and anxiety follow increases in alcohol and marijuana use. 

Methods 
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Sample 

Data are from the youngest cohort of the Pittsburgh Youth Study (PYS) 
17-20

. This sample has 

been described in depth elsewhere.
9,17-20

 Briefly, participants included first-grade boys enrolled in 31 

public schools in Pittsburgh (PA) in 1987-1988. A random sample of boys was invited for an initial 

multi-informant screening.  The screen involved assessing the boys’ conduct problems (e.g., fighting, 

stealing) using ratings collected from the parents, teachers, and the boys themselves.  Boys whose 

composite conduct problem scores fell within the upper 30
th
 percentile, together with an approximately 

equal number of participants randomly selected from the remaining end of the distribution, were 

selected for longitudinal follow-up (total N=503). The sample is predominantly Black (56%) and 

White (41%) with 3% Asian, Hispanic, and mixed-race.  

Participants were assessed annually or semi-annually, depending on the measure, for thirteen 

years. Caretakers provided informed consent and adolescents provided assent until age 17 and consent 

thereafter. We restricted analysis to adolescents at ages 13-19, as substance use by year was rare at 

younger ages: 93.9% and 84.5% did not use marijuana or alcohol, respectively, on any occasion 

between the ages of 7-12.  Study procedures were approved by the Institutional Review Boards of the 

University of Pittsburgh School of Medicine and the Columbia University Mailman School of Public 

Health. 

Substance use measures 

Alcohol and marijuana use were assessed semi-annually by a 16-item Substance Use Scale 
21,22 

adapted from the National Youth Survey. Adolescents were queried about timing, quantity, and 

frequency of alcohol (beer, wine, and liquor) and marijuana use. We defined “marijuana frequency” as 

the number of occasions of marijuana use in the past year. We defined “alcohol frequency” as the 

number of occasions of drinking in the past year. We defined “alcohol quantity” as the average number 
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of drinks per occasion in the past year. For phases separated by only 6 months, past-year values were 

constructed by taking the average of the two semi-annual interviews.  

Psychiatric problem domain measures 

Affective, anxiety, and conduct problems were measured with items from the Child Behavior 

Checklist (CBLC), Teacher Report Form (TRF), Youth Self-Report (YSR), and Young Adult Self-

Report (YASR) from the Achenbach system of assessment. 
23-26

  DSM-oriented problem domains were 

measured with items rated as very consistent with DSM-IV symptoms of affective disorders, anxiety 

disorders, and conduct disorder by a group of mental health professionals. 
23-25

 The scales were 

administered to caregivers (CBCL) and teachers (TRF) from age 7 to 16, and youth from age 10 to 19 

(YSR until age 17, and the YASR thereafter). 
23-25

. Items were scored as 0 = not true, 1 = somewhat or 

sometimes true, and 2 = very true or often true (number and type of scale items for the CBCL, TRF 

and YSR are listed in Appendix A).
26,27

 In order to facilitate comparison across informants, total scores 

for each scale were converted to t-scores based on age- and gender-specific national norms .
26
 An 

average T-score was then calculated for years when multiple informants completed the scales.  

The average internal consistency coefficients for the caregiver, teacher, and youth depression 

scales were 0.82, 0.76, and 0.81, respectively. For the anxiety scales, the internal consistency 

coefficients for caregiver, teacher and youth scales were 0.72, 0.73, and 0.67, respectively.  For the 

conduct disorder scale, the internal consistency coefficients were 0.91, 0.9, and 0.83 for caregiver, 

teacher, and youth scales, respectively.
26
 These scales have been shown to discriminate between clinic-

referred adolescents with depressive, anxiety, and conduct disorders and non-referred adolescents 
28,29

. 

All the scales used have previously shown acceptable concurrent and predictive validity in ROC 

analyses comparing the scales with official records of offense and delinquency or by assessing 

discrimination between adolescents referred to psychiatric clinics and non-referred adolescents.
30,31
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Time-varying covariates 

Several potential time-varying confounding factors were included in the current study to parse 

out the effect of psychiatric problems from the constellation of time-varying risk factors that could 

increase both psychiatric problems and substance use. The selection of confounders was based on 

theory and a review of the literature, as detailed below.  “Family factors” included changes in 

socioeconomic status (SES), assessed yearly by applying the Hollingshead Index of Social Status to 

data provided by the primary caretaker or youth no longer living with family beginning at age 16
32
; 

changes in parental supervision/involvement, a 43-question scale concerning caretakers’ knowledge of 

the youths’ whereabouts, the frequency of joint discussions, planning, and activities, and the amount of 

time that the youth is unsupervised 
33-35

; positive parenting, a scale measuring perception of frequency 

of positive responses to youth behavior 
18
; parental stress, a 14-item scale measuring perceived stress 

levels and caretakers’ abilities to cope with stress in the previous month 
18
; and parental use of physical 

punishment, drawn from a scale that measures parental discipline strategies 
17
. “Peer Variables” 

consisted of changes in youth peer delinquency and peer substance use, a 15-item scale that 

corresponds to a self-reported delinquency scale. 
21
 

Analyses 

Analyses were conducted in R version 3.0.2 and 3.0.3. 
 
Missing data in the covariates were 

imputed using R package ‘mice’ 
36
 for “multivariate imputation by chained equations,” an 

implementation of fully conditional specified models for imputation. The fully conditional approach 

differs from the more traditional joint modeling approach by specifying a multivariate imputation 

model on a variable-by-variable basis 
36
. This fully conditional approach is used as an alternative to 

traditional joint modeling when no suitable multivariate distribution can be found 
36
. We imputed 20 

datasets, and in subsequent analyses used the R package ‘mitools 
37
 to pool the results of functions run 
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on the 20 data sets using Rubin’s Rules
38
. 

We employed quasi-Poisson regression techniques to assess the fixed effects that one-year-

lagged changes in psychiatric problems had on subsequent changes in alcohol use frequency/quantity 

and marijuana use frequency from ages 13 to 19. Quasi-Poisson models are an approach to dealing 

with over-dispersion, which was apparent in initial Poisson models. They use the mean regression 

function and the variance function from Poisson generalized linear models but leave the dispersion 

parameter unrestricted (not assumed to be fixed at 1) and estimate it from the data. Unlike negative 

binomial models, the variance is assumed to be a linear function of the mean.
39
 This strategy leads to 

the same coefficient estimates as a standard Poisson model but standard errors are adjusted for over-

dispersion 
40
. Following the “dummy variable method” for fixed effects in Poisson models 

41
 we 

included k - 1 dummy variables to represent the sample participants in each model. 

A series of models were fit sequentially to test the association of each one-year-lagged 

psychiatric problem domain with each substance use outcome. First, we regressed separately each one-

year-lagged shift in the average psychiatric problem T-scores (interpreted as a within-individual one-

unit change in the T-score) on each substance use outcome.  Within these models, age-related changes 

in substance use were controlled for using natural cubic splines.  Natural cubic splines are a flexible 

smoothing approach for non-linear relationships, and are composed of piecewise polynomial functions 

that split the continuous age variable into separate line segments, each free to have its own shape 
42,43

. 

Segments are joined by “knots,” which we specified a priori to result in line segments for ages 13-14, 

15-16, and 17-19.  Slopes are constrained to converge at each knot 
42,43

.  

Second, we sequentially tested groups of potential confounders. All covariates (except age) 

were back-lagged two years, so that they would be modeled prior to the measurement of the exposure. 

This ensured that the estimated total effect of change in psychiatric problems on change in substance 
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use included effects mediated through the covariates that occurred contemporaneous to changes in 

psychiatric problems. In our second set of models, we adjusted for age, SES, substance use variables 

that were not modeled as the outcome (e.g., if marijuana use was the outcome, we adjusted for alcohol 

frequency and quantity), and measures of psychiatric problems that were not the exposure of interest 

(e.g., if conduct problems were the exposure of the interest, we adjusted for affective and anxiety 

problems). In our third and fourth sets of models, we adjusted for age and parenting variables and age 

and peer variables, respectively. In our fifth set of models, we adjusted for covariates that were 

significant in models 2-4.   

Third, we tested whether age modified the effect of our exposures by including a product term 

between exposure and each age spline.  Significant effect measure modification was then probed to 

clarify how the association between psychiatric problems and substance use changed across the age 

splines.  

We conducted a sensitivity analysis to establish the directionality of the association between 

psychiatric problems and substance use. We thus estimated, with linear fixed effects models, the effect 

that changes in one-year-lagged substance use had on change in psychiatric problem domains in the 

following year. We followed the same modeling strategy for these models as we did with our primary 

models. We adjusted for groups of confounders as described above, first adjusting for SES, psychiatric 

problem domains that were not modeled as the outcome (e.g., if conduct problems was the outcome, 

we adjusted for affective and anxiety problems), and measures of substance use that were not the 

exposure of interest (e.g., if marijuana use was the outcome, we adjusted for alcohol frequency and 

quantity). Next we adjusted for parenting variables and peer variables, respectively. Finally, we 

adjusted for covariates that were significant in any of the previous groups of confounder models. 

Covariates were lagged one year prior to the exposure measure (i.e., T-2), to avoid blocking the causal 
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pathway between substance use and psychiatric problems.  

Results 

 Table 1 shows mean substance use and psychiatric problem counts over time, as well as 

demographic characteristics at baseline. The reports of particular informants in our psychiatric problem 

measures did not influence the associations between psychiatric problems and substance use (see 

Appendix B). Table 2 displays the exponentiated coefficients and confidence intervals of quasi-

Poisson models, which can be interpreted as rate ratios. Table 2 shows the rate of substance use 

associated with a one-unit within-subject change in lagged psychiatric problems. Changes in lagged 

conduct problems were positively associated with changes in marijuana frequency. During years in 

which adolescents experienced a one-unit increase in conduct problems, the rate at which they smoked 

marijuana the following year increased 1.03 times (95% confidence interval (CI): 1.01, 1.05). For a 

standard deviation change in conduct problems, this is equivalent to a 1.15 times higher rate of 

marijuana use frequency (95% CI: 1.05. 1.25). The magnitude of this association did not change 

appreciably after adjusting for potential confounders, including alcohol quantity and frequency, SES, 

affective and anxiety problems, parenting, and peer deviance. Changes in lagged conduct problems 

were also associated with changes in alcohol quantity, only after adjusting for peer deviance. During 

years in which adolescents experienced a one-unit increase in conduct problems, the rate of their 

average alcohol consumption per occasion the following year increased by 1.01 (95% CI: 1.0002, 

1.02). For a standard deviation change in conduct problems, this is equivalent to a 1.05 times higher 

rate of alcohol use (95% CI: 1.001, 1.1). Associations of all covariates with substance use are 

presented in Appendix C, Table C1.  

 Table 3 presents results for tests of effect measure modification of the association between 

conduct problems and marijuana frequency and alcohol quantity by age. Because splines are 
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polynomial functions, there is no simple quantitative interpretation of individual effect modification 

terms; however, the significance of the coefficients implies that the associations between lagged 

conduct problems and marijuana frequency, and lagged conduct problems and alcohol quantity, 

differed by age. For ease of interpretation we present these results in Figure 1, which shows the 

predicted values of substance use outcomes associated with minimum, mean, and third-quartile levels 

of lagged conduct disorder T-scores, over time. Compared to minimal changes in lagged conduct 

problems, adolescents with mean or third-quartile levels of change in lagged conduct problems show 

markedly different marijuana frequency trajectories, which become the most disparate at ages 17-19. 

Compared to minimal changes in lagged conduct problems, adolescents with mean or third-quartile 

levels of change in lagged conduct problems show higher alcohol quantity in early adolescence but 

lower alcohol quantity in later adolescence.   

The results of our sensitivity analysis are presented in Table 4 and 5, and Figure 2. Table 4 

displays the change in psychiatric problems associated with a one-unit change in lagged substance use 

in the prior year. There was one reverse association: while changes in lagged anxiety problems were 

not associated with changes in substance use, the opposite did occur: changes in lagged alcohol 

quantity in the past year were positively associated with changes in anxiety problems. During years in 

which adolescents experienced a one-unit increase in the average quantity of alcohol consumed when 

drinking, their anxiety problems T-score increased the following year by 0.12 (95% CI: 0.05, 0.19). 

For a standard deviation change in average alcohol quantity, this is equivalent to an anxiety T-score 

increase of 0.3 (95% CI: 0.13, 0.48). The magnitude of this association did not change appreciably 

after adjusting for potential confounders. Associations of all lagged covariates with psychiatric 

problems are presented in Appendix C, Table C2. Table 5 presents results for tests of effect measure 

modification of the association between lagged alcohol quantity and anxiety problems by age, and 
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Figure 2 shows the predicted values of anxiety problem T-scores associated with minimum, mean, and 

third-quartile levels of lagged alcohol quantity, over time. Adolescents show a decline in anxiety 

problems throughout adolescence, and little difference by the magnitude of fluctuations in lagged 

alcohol quantity. However, deviations arose at ages 13-14 and 17-19, where those who exhibited a 

mean or third-quartile level of increase in lagged alcohol quantity showed slower declines in anxiety 

problems compared to those who did not increase alcohol intake over time.  

Are the effects of psychiatric problems on substance use sensitive to timing?  

This study focused on the longitudinal relationship between changes in psychiatric problems 

and changes in substance use one year later. However, the temporal resolution of this relationship may 

occur on a much shorter time frame – that is, changes in psychiatric problems may have immediate 

effects on substance use (or, changes in substance use may have immediate effects on psychiatric 

problems). To approximate effects on such a short time frame, we also examined the association 

between change in psychiatric problems and contemporaneous change in substance use. We followed 

the same modeling strategy as in our primary models, but adjusted for one-year-lagged versions of all 

covariates (except age). Table 6 presents the rate of contemporaneous changes in substance use 

frequency associated with changes in psychiatric problem T-score.  In fully adjusted models, within-

person changes in the conduct problems T-score were associated with contemporaneous changes in 

marijuana frequency, alcohol frequency, and alcohol quantity. Within-person changes in the affective 

problems T-score were associated with contemporaneous changes in alcohol quantity. Associations of 

all covariates with substance use in the contemporaneous models are presented in Appendix C, Table 

C3. 

Discussion 
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 This study examined whether adolescent males tend to escalate their substance use following 

an increase in their psychiatric problems, and identified periods during adolescence when such 

associations may be particularly strong. We found that when youth experienced an increase in conduct 

problems, they showed an increase in the frequency of marijuana use and quantity of alcohol use in the 

following year. Fluctuations in conduct problems and affective problems may have an influence on 

alcohol use on a shorter time scale: changes in conduct problems and affective problems were 

concurrently associated with changes in alcohol frequency and quantity, respectively, in the same year, 

but not in the subsequent year. The specific effect of conduct problems on substance use is consistent 

with the notion that conduct disorder problems and substance use constitute elements within a broader 

externalizing spectrum.
44,45

 

Although numerous longitudinal studies have demonstrated that youth with psychiatric 

problems are at increased risk for using and abusing substances (i.e., inter-individual difference), few 

have examined whether adolescents tend to increase their substance use following periods when they 

experience an increase in their psychiatric problems (i.e., intra-individual change).
46,47

   By focusing on 

within-individual change, we were able to rule out the possibility that selection effects and stable 

individual differences between youth with differing levels of psychiatric problems and substance use 

accounted for the observed association between psychiatric problems and substance use. Further, the 

use of an extensive set of measures of potential time-varying covariates (e.g., prior year changes in 

psychiatric problems, substance use, parenting characteristics, peer delinquency, and peer substance 

use), allayed concerns that the associations were confounded by time-varying factors. The strength of 

the associations between conduct disorder problems and marijuana and alcohol use were relatively 

modest, suggesting that a substantial change in conduct problems would have to occur to produce a 

substantial within-individual change in substance use. This is consistent with prior studies that have 
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tried to predict change over time in substance use 
10,48

. Substance use is shaped by multiple risk factors 

working together – hence, any one risk factor is likely to make a modest contribution to within-

individual fluctuations in substance use.   

This study examined the bidirectional nature of the association between psychiatric problems 

and substance use, and found evidence of a reverse effect of substance use on psychiatric problems. 

While increases in anxiety and depression did not result in increases in substance use, increases in the 

quantity of alcohol use did result in increases in anxiety problems. The effect of alcohol use on anxiety 

problems is consistent with prior studies that have found that substance use increases the risk for 

anxiety disorders.
49,50

 There are at least two possible explanations for this observed pattern. First, 

substance use can increase exposure to economic and social problems that increase the risk for anxiety, 

including crime, unemployment, loss of income, and relationship problems.
51
 Second, substance use 

can cause neurochemical changes which increase vulnerability to an anxiety disorder.
52
  

 The effect of conduct disorder problem fluctuations on quantity of alcohol use was strongest in 

early adolescence, while the effect of conduct disorder changes on marijuana use was strongest in late 

adolescence (ages 17-19). At the same time, the effect of quantity of alcohol use on anxiety was 

strongest in early (ages 13-14) and late adolescence (ages 17-19). Two points are worth noting about 

this pattern. First, life transitions such as the shift from middle school to high school in early 

adolescence and the shift from high school to college in late adolescence may escalate existing 

challenges produced by fluctuations in psychiatric problems or substance use
53,54

. A few studies have 

examined shifts in substance use during these two turning points. For example, Jackson et al. found 

that the prevalence of heavy drinkers more than doubled in the transition to high school 
55
 and that this 

change was especially pronounced for youth with more problem behaviors. Studies of the transition 

from adolescence to young adulthood have also found that post-secondary school attendance predicted 
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higher rates of substance use, and that the relationship between conduct problems and substance use 

was stronger in late adolescence than in middle adolescence,
10,56-60

 Pronounced effects of psychiatric 

problem and substance use fluctuations at times of transition would be consistent with an accentuation 

model 
61
, whereby the stress of the transition and the demands of the new context reduce contextual 

limitations on individual proclivities, potentially allowing for fluctuations in psychiatric problems to 

have a stronger effect on substance use, and vice versa. Second, the larger effect of conduct disorder on 

alcohol use at earlier ages and on marijuana use at later ages may reflect the developmental timing of 

these two substances. Drinking starts in early to mid-adolescence;
62
 hence, fluctuations in conduct 

problems in early adolescence may lead to involvement with alcohol use, as the drug that is most easily 

available in families and peer groups. In contrast, marijuana use typically starts in mid- to late-

adolescence, so the influence of conduct problems on marijuana use may increase as access to 

marijuana becomes easier in later ages
63
 

The study findings should be taken in light of the following limitations. First, all participants in 

the Pittsburgh Youth Study are male; hence, we could not examine the relationship between 

psychopathology and substance use quantity and frequency among girls. Second, all participants were 

selected from Pittsburgh public schools, which potentially limits the generalizability of the findings 

beyond this area. Third, half of the sample was composed of high-risk boys: this limited our ability to 

infer to the general population, but also provided us with greater power to detect an association 

between fluctuations in psychiatric problems and substance use. Fourth, while we examined measures 

of psychiatric problems that are consistent with DSM diagnoses, these measures did not explicitly 

measure diagnostic criteria for DSM disorders. Grouping symptoms into “affective”, “anxiety” and 

“conduct” problem categories might merge stronger individual disorders with non-predictors of 

substance use, leading to an underestimate of the association between psychiatric problems and 
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substance use. However, it is increasingly recognized that psychiatric problems are best conceptualized 

as falling on a continuum of severity rather than representing a discrete taxon.  Fifth, a low base rate 

prevented us from examining the predictors of fluctuation in the level of use of other illicit drugs. 

Sixth, the prevalence of marijuana use has increased since the completion of this study. Future studies 

should examine the impact that within-individual changes in psychiatric problems have on substance 

use in the current context.   

Our study shows that when adolescent boys experience an increase in conduct disorder 

problems, they subsequently experience an increase in the quantity and frequency of substance use, 

while an increase in alcohol use can also subsequently result in increased anxiety problems in 

adolescence. Reducing fluctuations in conduct disorder problems and substance use at sensitive 

developmental turning points such as early and late adolescence may have lasting effects in preventing 

psychiatric and substance use problems by young adulthood.   
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Table 1. Descriptive statistics of un-imputed
a
 original data 

 Mean (SD) 

Variable 

Age 13 

(N=482) 

Age 14 

(N=479) 

Age 15 

(N=476) 

Age 16 

(N=472) 

Age 17 

(N=466) 

Age 18 

(N=460) 

Age 19 

(N=451) 

Marijuana 

frequency 

6.63 (38.82) 18.67 (64.79) 29.23 (81.42) 42.5 (114.8) 39.43 (94.79) 64.46 (143.04) 50.8 (111.45) 

Alcohol 

frequency 

5.66 (30.60) 14.78 (63.36) 13.28 (44.25) 18.6 (54.51) 27.28 (73.76) 45.36 (110.82) 49.38 

(101.36) 

Alcohol quantity 1.19 (2.43) 1.85 (3.09) 2.2 (3.38) 2.68 (3.56) 3.04 (3.8) 4.04 (4.25) 4.25 (4.03) 

Affective 

problems t-score 

53.84 (3.55) 53.66 (3.74) 53.15 (3.72) 52.94 (4.18) 52.52 (4.76) 152.6 (4.4) 52.28 (4.03) 

Anxiety problems 

t-score 

53.55 (3.62) 53.25 (3.62) 52.73 (3.59) 52.35 (3.68) 51.99 (4.32) 52.14 (4.52) 51.52 (3.87) 

Conduct problems 

t-score 

57.27 (6.67) 56.96 (6.48) 56.1 (5.68) 55.1 (5.85) 53.65 (6.09) 52.86 (5.41) 52.23 (5.3) 

 N (%)       

SES        

1
st
 quartile 44 (8.7) 48 (9.5) 45 (8.9) 84 (16.7) 215 (42.7) 193 (38.4) 114 (22.7) 

2
nd
 quartile 117 (23.3) 101 (20.1) 98 (19.5) 100 (19.9) 107 (21.3) 125 (24.9) 117 (23.3) 

3
rd
 quartile 161 (32) 154 (30.6) 147 (29.2) 101 (20.1) 57 (11.3) 71 (14.1) 58 (11.5) 

4
th
 quartile 140 (27.8) 148 (29.4) 154 (30.6) 149 (29.6) 48 (9.5) 33 (6.6) 29 (5.8) 

Missing 41 (8.2) 52 (10.3) 59 (11.7) 69 (13.7) 76 (15.1) 81 (16.1) 185 (36.8) 

Race/ethnicity        

Black 280 (55.7)       

White/Other 223 (44.3)       

a.
 The number of participants at each age group decreases over time because not all subjects had complete data. See the 

methods section for a discussion of the multiple imputation techniques we implemented to deal with missing data.  
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Table 2. Changes in substance use frequency and quantity associated with lagged changes in psychiatric problem T-scores (N=487) 

 
Model 1 Model 2 Model 3 Model 4 Model 5 

 
Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI 

Marijuana frequency                               

Affective problems 1.01 0.98 1.03 1.01 0.98 1.03 1.01 0.98 1.03 1.005 0.98 1.03 1.01 0.98 1.03 

Anxiety problems 1.003 0.98 1.02 1.001 0.98 1.02 1.002 0.98 1.02 1.002 0.98 1.02 1.00 0.98 1.02 

Conduct problems 1.03 1.01 1.05 1.03 1.01 1.05 1.03 1.01 1.05 1.03 1.01 1.05 1.03 1.01 1.05 

Alcohol frequency 
               

Affective problems 1.01 0.98 1.04 1.01 0.98 1.04 1.01 0.98 1.04 1.01 0.98 1.04 1.01 0.98 1.04 

Anxiety problems 0.98 0.95 1.02 0.98 0.94 1.02 0.98 0.95 1.02 0.98 0.95 1.02 0.98 0.95 1.02 

Conduct problems 1.01 0.99 1.03 1.01 0.99 1.03 1.01 0.99 1.03 1.01 0.99 1.03 1.01 0.99 1.03 

Alcohol quantity 
               

Affective problems 1.002 0.99 1.02 1.000 0.99 1.02 1.002 0.99 1.02 1.003 0.99 1.02 1.00 0.98 1.02 

Anxiety problems 0.99 0.97 1.01 0.99 0.97 1.00 0.99 0.98 1.01 0.99 0.98 1.01 0.99 0.97 1.00 

Conduct problems 1.01 0.99 1.02 1.01 0.9995 1.02 1.01 0.9995 1.02 1.01 1.0003 1.02 1.01 1.0002 1.02 

 

Note. Separate models were run for affective, anxiety, and conduct problems.  Model 1 for each exposure-outcome combination controls only for age trends 

using splines. Model 2 controls for age, prior SES, measures of prior substance use variables that were not modeled as the outcome, and measures of prior 

psychiatric problems that were not the exposure of interest. Model 3 controls for age and measures of prior parenting. Model 4 controls for age and measures of 

prior peer delinquency and drug use.  Model 5 controls for age and covariates that were significant in the previous groups of confounder models. For marijuana 

frequency:  The affective problems model controls for age, prior alcohol frequency, alcohol quantity, and peer delinquency. The anxiety problems model 

controls for age, prior alcohol frequency, alcohol quantity, peer delinquency, and peer drug use. The conduct problems model controls for age, prior alcohol 

frequency and alcohol quantity. For alcohol frequency models, the affective, anxiety, and conduct problems models control for age, prior marijuana frequency 

and alcohol quantity. For alcohol quantity: The affective problems model controls for age, prior marijuana frequency, alcohol frequency, conduct problems, and 

peer drug use. The anxiety problems model controls for age, prior marijuana frequency, alcohol frequency, conduct problems, and peer delinquency. The conduct 

problems model controls for age, prior marijuana frequency, alcohol frequency, and peer drug use. Estimates of all variables are included in Appendix C in the 

online supplement.   
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Table 3. Age-related differences in the association between changes in lagged conduct disorder T-scores and changes in marijuana 

frequency and alcohol quantity (N=487)  

 
 Marijuana Frequency  Alcohol Quantity 

  Rate Ratio 95% CI  Rate Ratio 95% CI 

Conduct problems 1.05 0.99 1.11  1.03 1.01 1.05 

Age 13-14 59.23 2.48 1414.86  35.33 5.85 213.43 

Age 15-16 43.47 0.03 54422.05  18.59 1.05 329.56 

Age 17-19 49.12 7.97 302.86  41.54 12.59 137.02 

Conduct problems*Age 13-14 0.96 0.91 1.01  0.95 0.92 0.98 

Conduct problems *Age 15-16 0.99 0.88 1.11  0.98 0.93 1.03 

Conduct problems * Age 17-19 0.96 0.94 0.99  0.96 0.94 0.98 
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Table 4. Changes in psychiatric problem T-scores associated with lagged changes in substance use frequency and quantity (N = 489) 

 

 
Model 1 Model 2 Model 3 Model 4 Model 5 

 
β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Affective                               

Marijuana frequency 0.001 -0.001 0.003 0.001 -0.001 0.003 -0.001 -0.003 0.002 0.001 -0.001 0.003 0.001 -0.001 0.003 

Alcohol frequency -0.001 -0.003 0.002 -0.0003 -0.003 0.002 -0.001 -0.004 0.002 -0.001 -0.003 0.002 -0.001 -0.003 0.002 

Alcohol quantity 0.03 -0.02 0.08 0.04 -0.02 0.09 0.03 -0.03 0.09 0.03 -0.02 0.09 0.03 -0.02 0.08 

Anxiety 
               

Marijuana frequency -0.001 -0.003 0.001 -0.0006 -0.0030 0.0018 -0.002 -0.005 0.001 -0.001 -0.003 0.002 -0.001 -0.003 0.001 

Alcohol frequency -0.0002 -0.003 0.003 0.001 -0.0023 0.0043 -0.002 -0.01 0.002 -0.0001 -0.003 0.003 0.001 -0.003 0.004 

Alcohol quantity 0.12 0.05 0.19 0.13 0.06 0.19 0.09 0.01 0.16 0.13 0.06 0.20 0.13 0.06 0.19 

Conduct 
               

Marijuana frequency 0.001 0 0.003 0.001 -0.0003 0.003 0.002 -0.0005 0.004 0.001 -0.0005 0.003 0.001 -0.0004 0.003 

Alcohol frequency -0.001 -0.003 0.001 -0.001 -0.003 0.001 -0.001 -0.004 0.002 -0.001 -0.004 0.001 -0.001 -0.003 0.001 

Alcohol quantity 0.02 -0.03 0.08 0.03 -0.02 0.08 0.03 -0.02 0.09 0.02 -0.03 0.07 0.02 -0.03 0.08 

 

Note. Separate models were run for affective, anxiety, and conduct problems.  Model 1 for each exposure-outcome combination controls only for age trends 

using splines. Model 2 controls for age, prior SES, psychiatric problem domains that were not modeled as the outcome, and substance use measures that were not 

the exposure of interest. Model 3 controls for age and measures of prior parenting. Model 4 controls for age and measures of prior peer delinquency and drug 

use.  Model 5 controls for age and covariates that were significant in the previous groups of confounder models. For affective problems: the marijuana 

frequency model controls for age and alcohol frequency. The alcohol frequency and quantity models do not differ from Model 1. For anxiety problems: the 

marijuana frequency model is the same as Model 1. The alcohol frequency and quantity models control for age and marijuana frequency. For conduct problems: 

the marijuana frequency, alcohol frequency, and alcohol quantity models are the same as Model 1. Estimates of all variables are included in Appendix C in the 

online supplement. 
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Table 5. Age-related differences in the association between changes in lagged alcohol quantity and anxiety T-scores (N = 489) 

 
Alcohol quantity predicting changes in anxiety problems 

  β 95% CI 

Alcohol quantity 0.33 0.05 0.61 

Age 13-14 -2.30 -3.15 -1.45 

Age 15-16 -4.22 -5.30 -3.15 

Age 17-19 -4.88 -5.53 -4.22 

Alcohol quantity*Age 13-14 -0.36 -0.62 -0.11 

Alcohol quantity*Age 15-16 -0.26 -0.84 0.32 

Alcohol quantity* Age 17-19 -0.20 -0.38 -0.02 
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Table 6. Contemporaneous changes in substance use frequency and quantity associated with changes in psychiatric problem T-scores 

(N=499) 

 
Model 1 Model 2 Model 3 Model 4 Model 5 

 
Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI Rate Ratio 95% CI 

Marijuana frequency                               

Affective problems 1.02 1 1.04 1.02 0.996 1.04 1.01 0.99 1.04 1.02 0.997 1.04 1.02 1.00 1.04 

Anxiety problems 1.02 1 1.04 1.02 0.998 1.04 1.01 0.99 1.03 1.02 0.999 1.04 1.02 1.00 1.04 

Conduct problems 1.05 1.04 1.07 1.05 1.03 1.06 1.06 1.04 1.08 1.05 1.04 1.07 1.05 1.03 1.06 

Alcohol frequency 
               

Affective problems 1.02 0.99 1.04 1.02 0.99 1.05 1.02 0.99 1.05 1.02 0.99 1.04 1.02 0.99 1.04 

Anxiety problems 0.99 0.97 1.02 0.99 0.96 1.02 0.99 0.96 1.02 0.99 0.96 1.02 0.99 0.96 1.02 

Conduct problems 1.05 1.03 1.06 1.05 1.03 1.06 1.05 1.03 1.06 1.05 1.03 1.06 1.05 1.03 1.06 

Alcohol quantity 
               

Affective problems 1.02 1.01 1.03 1.02 1.004 1.03 1.02 1.004 1.03 1.02 1.01 1.03 1.02 1.004 1.03 

Anxiety problems 1 0.99 1.02 1.00 0.99 1.01 1.00 0.99 1.01 1.00 0.99 1.02 1.00 0.99 1.01 

Conduct problems 1.04 1.03 1.05 1.04 1.03 1.05 1.04 1.03 1.05 1.04 1.03 1.05 1.04 1.03 1.05 

 

Note. Separate models were run for affective, anxiety, and conduct problems.  Model 1 for each exposure-outcome combination controls only for age trends 

using splines. Model 2 controls for age, prior SES, measures of prior substance use variables that were not modeled as the outcome, and measures of prior 

psychiatric problems that were not the exposure of interest. Model 3 controls for age and measures of prior parenting. Model 4 controls for age and measures of 

prior peer delinquency and drug use.  Model 5 controls for age and covariates that were significant in the previous groups of confounder models. For marijuana 

frequency:  The affective and anxiety problems models control for age, SES, alcohol frequency and quantity, and conduct problems. The conduct problems 

model control for age, SES, alcohol frequency, and alcohol quantity. For alcohol frequency: The affective, anxiety, and conduct problems models control for 

age and peer drug use. For alcohol quantity: The affective and anxiety problems models control for age, SES, marijuana frequency, and conduct problems. The 

conduct problems model controls for age and SES.   Estimates of all variables are included in Appendix C in the online supplement. 
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Figure 1. Predicted counts of substance use by age, given three levels of change in conduct problems. (N = 483).  
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Figure 2. Predicted anxiety problem T-score by age, given three levels of change in quantity of alcohol use. (N = 485) 
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Online Supplement 

 

 

Appendix A. Child Behavior Checklist, Teacher Report Form, and Youth Self-Report Items Rated as 

Very Consistent with DSM-IV Categories1 

 

Affective Problems Anxiety Problems Conduct Problems 

• Enjoys little 

• Cries 

• Harms self 

• Doesn’t eat well 

• Worthless 

• Feels too guilty 

• Overtired 

• Apathetic 

• Sleeps less 

• Sleeps more 

• Talks suicide 

• Sleep problems 

• Underactive 

• Sad 

• Dependent 

• Fears 

• Fears school 

• Nervous 

• Fearful 

• Worries 

• Cruel to animals 

• Mean 

• Destroys others’ things 

• Lacks guilt 

• Breaks rules 

• Fights 

• Bad companions 

• Lies, cheats 

• Attacks 

• Runs away 

• Sets fires 

• Behaves irresponsibly 

• Steals at home 

• Steals outside home 

• Swears 

• Threatens 

• Truant 

• Vandalism 

 

1 
Source: Achenbach, T.M., Dumenci, L., & Rescorla, L.A. (2001). Ratings of relations between DSM-

IV diagnostic categories and items of the CBCL/6-18, TRF, and YSR. Burlington, VT: University of 

Vermont, Research Center for Children, Youth, & Families.  
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Appendix B 

Table B.1 Tests for effect of different informants in the combined T-scores for psychiatric problems (child report is the reference category in 

interaction models) 

Marijuana Frequency 

  β 95% CI 
 

  β 95% CI 
 

  β 95% CI 

Affective  T-1 0.003 -0.04 0.04 
 

Anxiety  T-1 -0.01 -0.03 0.02 
 

Conduct  T-1 0.01 -0.01 0.03 

Parent report affective T-1 1.84 -0.51 4.20 
 

Parent report Anxiety T-1 0.95 -1.42 3.31 
 

Parent report Conduct T-1 -1.09 -3.04 0.86 

Teacher report affective T-1 -2.06 -4.46 0.34 
 

Teacher report Anxiety T-1 -0.72 -3.37 1.93 
 

Teacher report Conduct T-1 -1.50 -3.36 0.36 

Age 13-14 1.24 0.81 1.67 
 

Age 13-14 1.27 0.84 1.70 
 

Age 13-14 1.66 1.19 2.13 

Age 15-16 2.76 0.87 4.64 
 

Age 15-16 2.95 1.09 4.81 
 

Age 15-16 0.65 -1.93 3.23 

Age 17-19 2.48 1.95 3.00 
 

Age 17-19 2.52 1.98 3.05 
 

Age 17-19 -0.06 -1.34 1.23 

Affective  T-1 * Parent T-1 -0.02 -0.06 0.02 
 

Anxiety  T-1 * Parent T-1 -0.003 -0.05 0.04 
 

Conduct  T-1 * Parent T-1 0.01 -0.02 0.05 

Affective  T-1 * Teacher T-1 0.05 0.005 0.09 
 

Anxiety  T-1 * Teacher T-1 0.02 -0.02 0.07 
 

Conduct  T-1 * Teacher T-1 0.01 -0.02 0.04 

Acohol Frequency 

 
β 95% CI 

  
β 95% CI 

  
β 95% CI 

Affective  T-1 -0.003 -0.05 0.05 
 

Anxiety  T-1 -0.01 -0.04 0.02 
 

Conduct  T-1 -0.01 -0.04 0.01 

Parent report affective T-1 -1.47 -4.38 1.43 
 

Parent report Anxiety T-1 1.19 -1.83 4.21 
 

Parent report Conduct T-1 -0.30 -3.39 2.79 

Teacher report affective T-1 1.80 -1.17 4.76 
 

Teacher report Anxiety T-1 1.13 -2.20 4.46 
 

Teacher report Conduct T-1 -1.73 -5.05 1.58 

Age 13-14 -0.03 -0.45 0.40 
 

Age 13-14 0.05 -0.38 0.49 
 

Age 13-14 0.09 -0.39 0.58 

Age 15-16 -0.46 -2.53 1.62 
 

Age 15-16 -0.37 -2.46 1.72 
 

Age 15-16 -1.38 -4.31 1.54 

Age 17-19 1.77 1.23 2.31 
 

Age 17-19 1.78 1.22 2.34 
 

Age 17-19 0.84 -0.56 2.24 

Affective  T-1 * Parent T-1 0.04 -0.02 0.09 
 

Anxiety  T-1 * Parent T-1 -0.01 -0.07 0.04 
 

Conduct  T-1 * Parent T-1 0.01 -0.05 0.06 

Affective  T-1 * Teacher T-1 -0.03 -0.08 0.02 
 

Anxiety  T-1 * Teacher T-1 -0.02 -0.08 0.04 
 

Conduct  T-1 * Teacher T-1 0.02 -0.03 0.08 

Alcohol Quantity 

  β 95% CI 
 

  β 95% CI 
 

  β 95% CI 

Affective  T-1 -0.01 -0.04 0.01 
 

Anxiety  T-1 -0.01 -0.03 0.01 
 

Conduct  T-1 -0.02 -0.04 0.00 

Parent report affective T-1 -0.57 -2.14 1.00 
 

Parent report Anxiety T-1 0.62 -1.09 2.33 
 

Parent report Conduct T-1 -1.11 -3.01 0.79 

Teacher report affective T-1 -0.55 -1.99 0.90 
 

Teacher report Anxiety T-1 0.16 -1.68 2.01 
 

Teacher report Conduct T-1 -1.01 -2.69 0.68 

Age 13-14 0.49 0.20 0.77 
 

Age 13-14 0.52 0.24 0.81 
 

Age 13-14 0.59 0.26 0.91 

Age 15-16 1.27 -0.06 2.59 
 

Age 15-16 1.31 -0.01 2.64 
 

Age 15-16 0.66 -1.19 2.50 

Age 17-19 1.26 0.88 1.65 
 

Age 17-19 1.28 0.89 1.67 
 

Age 17-19 0.59 -0.32 1.50 

Affective  T-1 * Parent T-1 0.02 -0.01 0.04 
 

Anxiety  T-1 * Parent T-1 -0.01 -0.04 0.02 
 

Conduct  T-1 * Parent T-1 0.02 -0.01 0.05 

Affective  T-1 * Teacher T-1 0.01 -0.01 0.04   Anxiety  T-1 * Teacher T-1 -0.0002 -0.03 0.03   Conduct  T-1 * Teacher T-1 0.01 -0.02 0.04 
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Appendix C 

Table C1. Changes in substance use frequency and quantity associated with lagged changes in psychiatric problem T-scores and time-varying 

family and peer characteristics (N=487)
1 

 
Marijuana Frequency 

               

 
Model 1 Model 2 Model 3  Model 4 Model5 

  β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Affective problems T-1 0.01 -0.02 0.03 0.01 -0.02 0.03 0.01 -0.02 0.03 0.005 -0.02 0.03 0.01 -0.02 0.03 

Socioeconomic status T-2 
  

0.003 -0.004 0.01 
         

Alcohol frequency T-2 
   

-0.004 -0.01 -0.003 
      

-0.004 -0.005 -0.003 

Alcohol quantity T-2 
   

0.04 0.01 0.06 
      

0.04 0.02 0.06 

Anxiety problems T-2 
   

-0.01 -0.05 0.02 
         

Conduct problems T-2 
   

0.002 -0.02 0.02 
         

Positive parenting T-2 
      

0.01 -0.02 0.03 
      

Parental supervision T-2 
      

-0.02 -0.05 0.02 
      

Physical punishment T-2 
      

-0.02 -0.17 0.13 
      

Parental stress T-2 
      

0.01 -0.01 0.03 
      

Peer delinquency T-2 
         

-0.02 -0.03 -0.01 -0.01 -0.02 0.00 

Peer drug use T-2 
         

0.03 0.00 0.06 
   

Age 13-14 1.58 1.34 1.83 1.58 1.31 1.85 1.57 1.30 1.84 1.55 1.29 1.82 1.62 1.36 1.88 

Age 15-16 3.14 2.57 3.71 3.22 2.64 3.80 3.17 2.58 3.75 3.09 2.51 3.67 3.22 2.65 3.79 

Age 17-19 1.45 1.27 1.62 1.59 1.38 1.81 1.47 1.28 1.66 1.38 1.18 1.58 1.56 1.38 1.75 

                
Anxiety problems T-1 0.003 -0.02 0.02 0.001 -0.02 0.02 0.002 -0.02 0.02 0.002 -0.02 0.02 -0.0003 -0.02 0.02 

Socioeconomic status T-2 
  

0.003 -0.003 0.01 
         

Alcohol frequency T-2 
   

-0.004 -0.005 -0.003 
      

-0.004 -0.01 -0.003 

Alcohol quantity T-2 
   

0.04 0.01 0.06 
      

0.03 0.01 0.06 

Affective problems T-2 
   

0.01 -0.01 0.04 
         

Conduct problems T-2 
   

-0.002 -0.02 0.02 
         

Positive parenting T-2 
      

0.01 -0.02 0.03 
      

Parental supervision T-2 
      

-0.02 -0.05 0.02 
      

Physical punishment T-2 
      

-0.02 -0.17 0.13 
      

Parental stress T-2 
      

0.01 -0.01 0.03 
      

Peer delinquency T-2 
         

-0.02 -0.03 -0.01 -0.02 -0.03 -0.01 

Peer drug use T-2 
         

0.03 0.00 0.06 0.04 0.01 0.07 

Age 13-14 1.59 1.34 1.83 1.56 1.29 1.83 1.57 1.30 1.84 1.55 1.28 1.82 1.52 1.25 1.78 

Age 15-16 3.15 2.58 3.72 3.27 2.69 3.85 3.17 2.59 3.76 3.09 2.51 3.67 3.10 2.52 3.67 

Age 17-19 1.44 1.27 1.61 1.59 1.37 1.81 1.46 1.27 1.65 1.38 1.18 1.57 1.45 1.26 1.65 

                
Conduct problems T-1 0.03 0.01 0.05 0.03 0.01 0.05 0.03 0.01 0.05 0.03 0.01 0.05 0.03 0.01 0.05 

Socioeconomic status T-2 
  

0.004 -0.002 0.01 
         

Alcohol frequency T-2 
   

-0.004 -0.01 -0.003 
      

-0.004 -0.01 -0.003 

Alcohol quantity T-2 
   

0.03 0.01 0.05 
      

0.03 0.01 0.05 

Affective problems T-2 
   

0.02 -0.01 0.04 
         

Anxiety problems T-2 
   

-0.02 -0.05 0.01 
         

Page 39 of 50 Addiction



For Review Only

 4 

Positive parenting T-2 
      

0.01 -0.02 0.03 
      

Parental supervision T-2 
      

-0.02 -0.05 0.02 
      

Physical punishment T-2 
      

-0.01 -0.17 0.14 
      

Parental stress T-2 
      

0.01 -0.01 0.02 
      

Peer delinquency T-2 
         

-0.02 -0.03 -0.01 
   

Peer drug use T-2 
         

0.03 0.00 0.05 
   

Age 13-14 1.59 1.34 1.84 1.59 1.31 1.87 1.58 1.31 1.86 1.57 1.31 1.84 1.62 1.36 1.89 

Age 15-16 3.18 2.61 3.75 3.32 2.74 3.89 3.22 2.63 3.80 3.14 2.56 3.71 3.26 2.70 3.83 

Age 17-19 1.58 1.39 1.77 1.77 1.54 2.00 1.62 1.39 1.84 1.54 1.32 1.75 1.72 1.51 1.94 

                

                
Alcohol Frequency 

               

 
Model 1 Model 2 Model 3  Model 4 Model5 

 
β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Affective problems T-1 0.01 -0.02 0.04 0.01 -0.02 0.04 0.01 -0.02 0.04 0.01 -0.02 0.04 0.01 -0.02 0.04 

Socioeconomic status T-2 
  

-0.003 -0.01 0.003 
         

Marijuana frequency T-2 
   

-0.001 -0.002 -0.0003 
      

-0.001 -0.002 -0.0003 

Alcohol quantity T-2 
   

-0.03 -0.05 -0.004 
      

-0.02 -0.05 -0.004 

Anxiety problems T-2 
   

0.01 -0.03 0.05 
         

Conduct problems T-2 
   

0.01 -0.02 0.04 
         

Positive parenting T-2 
      

0.01 -0.02 0.04 
      

Parental supervision T-2 
      

-0.04 -0.08 0.01 
      

Physical punishment T-2 
      

-0.03 -0.24 0.18 
      

Parental stress T-2 
      

-0.02 -0.04 0.01 
      

Peer delinquency T-2 
         

-0.01 -0.03 0.00 
   

Peer drug use T-2 
         

-0.01 -0.04 0.02 
   

Age 13-14 1.00 0.76 1.25 1.24 0.95 1.53 0.99 0.67 1.30 1.14 0.87 1.41 1.23 0.96 1.49 

Age 15-16 2.53 2.02 3.03 2.71 2.18 3.23 2.64 2.09 3.19 2.65 2.13 3.18 2.76 2.24 3.28 

Age 17-19 1.76 1.59 1.93 1.99 1.73 2.24 1.87 1.63 2.11 1.84 1.63 2.04 2.01 1.80 2.22 

                
Anxiety problems T-1 -0.02 -0.06 0.02 -0.02 -0.06 0.02 -0.02 -0.05 0.02 -0.02 -0.05 0.02 -0.02 -0.06 0.02 

Socioeconomic status T-2 
  

-0.004 -0.01 0.002 
         

Marijuana frequency T-2 
   

-0.001 -0.002 -0.0003 
      

-0.001 -0.002 -0.0003 

Alcohol quantity T-2 
   

-0.03 -0.05 -0.005 
      

-0.02 -0.05 -0.003 

Affective problems T-2 
   

-0.003 -0.04 0.03 
         

Conduct problems T-2 
   

0.01 -0.01 0.04 
         

Positive parenting T-2 
      

0.01 -0.02 0.04 
      

Parental supervision T-2 
      

-0.04 -0.08 0.01 
      

Physical punishment T-2 
      

-0.03 -0.25 0.18 
      

Parental stress T-2 
      

-0.02 -0.04 0.01 
      

Peer delinquency T-2 
         

-0.01 -0.03 0.00 
   

Peer drug use T-2 
         

-0.01 -0.04 0.03 
   

Age 13-14 1.01 0.77 1.26 1.26 0.96 1.56 1.00 0.68 1.31 1.14 0.87 1.41 1.23 0.96 1.51 

Age 15-16 2.53 2.02 3.04 2.69 2.15 3.23 2.64 2.10 3.19 2.65 2.13 3.17 2.76 2.24 3.28 

Age 17-19 1.71 1.53 1.88 1.93 1.68 2.18 1.82 1.57 2.08 1.78 1.56 2.00 1.96 1.75 2.17 
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Conduct problems T-1 0.01 -0.01 0.03 0.01 -0.01 0.03 0.01 -0.01 0.03 0.01 -0.01 0.03 0.01 -0.01 0.03 

Socioeconomic status T-2 
  

-0.004 -0.01 0.002 
         

Marijuana frequency T-2 
   

-0.001 -0.002 -0.0003 
      

-0.001 -0.002 -0.0003 

Alcohol quantity T-2 
   

-0.03 -0.05 -0.004 
      

-0.03 -0.05 -0.005 

Affective problems T-2 
   

0.00 -0.04 0.03 
         

Anxiety problems T-2 
   

0.01 -0.03 0.06 
         

Positive parenting T-2 
      

0.01 -0.02 0.04 
      

Parental supervision T-2 
      

-0.04 -0.08 0.01 
      

Physical punishment T-2 
      

-0.03 -0.24 0.19 
      

Parental stress T-2 
      

-0.02 -0.04 0.01 
      

Peer delinquency T-2 
         

-0.01 -0.03 0.00 
   

Peer drug use T-2 
         

-0.01 -0.04 0.02 
   

Age 13-14 1.00 0.75 1.25 1.27 0.97 1.56 0.98 0.66 1.29 1.14 0.86 1.41 1.22 0.95 1.50 

Age 15-16 2.55 2.04 3.05 2.75 2.22 3.28 2.66 2.11 3.21 2.68 2.16 3.21 2.79 2.27 3.31 

Age 17-19 1.77 1.59 1.96 1.99 1.76 2.23 1.89 1.60 2.18 1.86 1.64 2.09 2.03 1.81 2.26 

                

                

                
Alcohol Quantity 

               

 
Model 1 Model 2 Model 3  Model 4 Model5 

 
β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Affective problems T-1 0.002 -0.01 0.02 0.0003 -0.01 0.02 0.002 -0.01 0.02 0.003 -0.01 0.02 0.00003 -0.02 0.02 

Socioeconomic status T-2 
  

0.001 -0.004 0.01 
         

Marijuana frequency T-2 
   

-0.001 -0.001 -0.0004 
      

-0.001 -0.001 -0.0002 

Alcohol frequency T-2 
   

-0.001 -0.002 -0.001 
      

-0.001 -0.002 -0.0004 

Anxiety problems T-2 
   

-0.01 -0.02 0.01 
         

Conduct problems T-2 
   

0.02 0.00 0.03 
      

0.02 0.00 0.03 

Positive parenting T-2 
      

0.01 -0.01 0.02 
      

Parental supervision T-2 
      

-0.001 -0.03 0.02 
      

Physical punishment T-2 
      

-0.04 -0.13 0.06 
      

Parental stress T-2 
      

-0.01 -0.02 0.01 
      

Peer delinquency T-2 
         

0.01 -0.003 0.01 
   

Peer drug use T-2 
         

-0.04 -0.06 -0.02 -0.02 -0.04 0.001 

Age 13-14 0.67 0.51 0.83 0.71 0.54 0.88 0.64 0.46 0.82 0.78 0.61 0.96 0.77 0.60 0.95 

Age 15-16 1.62 1.33 1.92 1.73 1.43 2.03 1.60 1.30 1.91 1.77 1.46 2.07 1.80 1.49 2.10 

Age 17-19 1.02 0.91 1.13 1.19 1.06 1.32 1.03 0.90 1.15 1.16 1.03 1.29 1.24 1.10 1.38 

                
Anxiety problems T-1 -0.01 -0.03 0.01 -0.01 -0.03 0.00 -0.01 -0.03 0.01 -0.01 -0.03 0.01 -0.01 -0.03 0.004 

Socioeconomic status T-2 
  

0.001 -0.004 0.01 
         

Marijuana frequency T-2 
   

-0.001 -0.001 -0.0003 
      

-0.001 -0.001 -0.0004 

Alcohol quantity T-2 
   

-0.001 -0.002 -0.001 
      

-0.001 -0.002 -0.001 

Affective problems T-2 
   

0.002 -0.02 0.02 
         

Conduct problems T-2 
   

0.02 0.00 0.03 
      

0.02 0.003 0.03 

Positive parenting T-2 
      

0.01 -0.01 0.02 
      

Parental supervision T-2 
      

0.00 -0.03 0.03 
      

Physical punishment T-2 
      

-0.04 -0.13 0.06 
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Parental stress T-2 
      

-0.01 -0.02 0.01 
      

Peer delinquency T-2 
         

0.01 -0.003 0.01 0.002 -0.01 0.01 

Peer drug use T-2 
         

-0.04 -0.06 -0.02 
   

Age 13-14 0.68 0.52 0.84 0.71 0.54 0.89 0.65 0.47 0.83 0.79 0.61 0.96 0.71 0.55 0.88 

Age 15-16 1.62 1.32 1.91 1.73 1.43 2.03 1.60 1.30 1.90 1.76 1.46 2.07 1.72 1.42 2.01 

Age 17-19 1.01 0.90 1.12 1.18 1.04 1.31 1.01 0.88 1.14 1.14 1.01 1.27 1.16 1.04 1.29 

                
Conduct problems T-1 0.01 -0.001 0.02 0.01 -0.0005 0.02 0.01 -0.0005 0.02 0.01 0.0003 0.02 0.01 0.0002 0.02 

Socioeconomic status T-2 
  

0.001 -0.004 0.01 
         

Marijuana frequency T-2 
   

-0.001 -0.001 -0.0002 
      

-0.001 -0.001 -0.0001 

Alcohol frequency T-2 
   

-0.001 -0.002 -0.0005 
      

-0.001 -0.002 -0.0003 

Affective problems T-2 
   

0.01 -0.01 0.03 
         

Anxiety problems T-2 
   

-0.003 -0.03 0.02 
         

Positive parenting T-2 
      

0.01 -0.01 0.02 
      

Parental supervision T-2 
      

0.00 -0.03 0.02 
      

Physical punishment T-2 
      

-0.03 -0.13 0.06 
      

Parental stress T-2 
      

-0.01 -0.02 0.01 
      

Peer delinquency T-2 
         

0.005 -0.004 0.01 
   

Peer drug use T-2 
         

-0.04 -0.06 -0.02 -0.02 -0.04 0.004 

Age 13-14 0.66 0.50 0.82 0.72 0.55 0.90 0.63 0.45 0.81 0.77 0.60 0.95 0.78 0.61 0.95 

Age 15-16 1.64 1.35 1.93 1.77 1.47 2.07 1.63 1.32 1.93 1.80 1.49 2.10 1.81 1.51 2.12 

Age 17-19 1.06 0.95 1.18 1.20 1.07 1.33 1.07 0.94 1.20 1.21 1.07 1.34 1.24 1.10 1.38 

Note. Dummy variables for subjects not shown 
1
 Results are presented as beta coefficients for the reader who would like to see unexponentiated coefficients. 
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Table C2. Changes in psychiatric problem T-scores associated with lagged changes in substance use frequency and quantity and time-varying 

family and peer characteristics (N = 489)
1 

 

Affective Problems 
               

 
Model 1 Model 2 Model 3  Model 4 Model5 

  β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Marijuana frequency T-1 0.001 -0.001 0.003 0.001 -0.001 0.003 -0.001 -0.003 0.002 0.001 -0.001 0.003 0.001 -0.001 0.003 

Socioeconomic status T-2 
  

0.01 -0.01 0.02 
         

Anxiety problems T-2 
   

-0.02 -0.07 0.04 
         

Conduct problems T-2 
   

0.01 -0.03 0.06 
         

Alcohol frequency T-2 
   

-0.004 -0.01 -0.0001 
      

-0.004 -0.01 -0.001 

Alcohol quantity T-2 
   

-0.01 -0.08 0.06 
         

Positive parenting T-2 
      

-0.01 -0.05 0.04 
      

Parental supervision T-2 
      

0.01 -0.05 0.08 
      

Physical punishment T-2 
      

-0.003 -0.31 0.30 
      

Parental stress T-2 
      

0.03 -0.01 0.07 
      

Peer delinquency T-2 
         

0.02 -0.01 0.05 
   

Peer drug use T-2 
         

-0.04 -0.12 0.04 
   

Age 13-14 -1.05 -1.57 -0.53 -1.07 -1.62 -0.53 -1.11 -1.78 -0.44 -1.01 -1.55 -0.47 -1.02 -1.53 -0.50 

Age 15-16 -1.65 -2.36 -0.95 -1.54 -2.27 -0.81 -1.52 -2.33 -0.71 -1.59 -2.32 -0.85 -1.57 -2.28 -0.86 

Age 17-19 -1.48 -1.86 -1.11 -1.31 -1.75 -0.87 -1.37 -2.03 -0.71 -1.40 -1.82 -0.98 -1.39 -1.78 -1.01 

                
Alcohol Frequency T-1 -0.001 -0.003 0.002 0.000 -0.003 0.002 -0.001 -0.004 0.002 -0.001 -0.003 0.002 -0.001 -0.003 0.002 

Socioeconomic status T-2 
  

0.01 -0.01 0.02 
         

Anxiety problems T-2 
   

-0.02 -0.07 0.04 
         

Conduct problems T-2 
   

0.01 -0.03 0.06 
         

Marijuana frequency T-2 
   

-0.002 -0.004 0.0005 
         

Alcohol quantity T-2 
   

-0.02 -0.08 0.04 
         

Positive parenting T-2 
      

-0.01 -0.05 0.04 
      

Parental supervision T-2 
      

0.01 -0.05 0.08 
      

Physical punishment T-2 
      

-0.001 -0.30 0.30 
      

Parental stress T-2 
      

0.03 -0.01 0.07 
      

Peer delinquency T-2 
         

0.02 -0.01 0.05 
   

Peer drug use T-2 
         

-0.04 -0.12 0.05 
   

Age 13-14 -1.03 -1.54 -0.51 -1.01 -1.55 -0.47 -1.12 -1.79 -0.46 -1.00 -1.54 -0.46 -1.03 -1.54 -0.51 

Age 15-16 -1.59 -2.29 -0.88 -1.46 -2.20 -0.73 -1.51 -2.32 -0.70 -1.54 -2.27 -0.80 -1.59 -2.29 -0.88 

Age 17-19 -1.42 -1.79 -1.05 -1.22 -1.67 -0.78 -1.36 -2.02 -0.71 -1.35 -1.77 -0.94 -1.42 -1.79 -1.05 

                
Alcohol Quantity T-1 0.03 -0.02 0.08 0.04 -0.02 0.09 0.03 -0.03 0.09 0.03 -0.02 0.09 0.03 -0.02 0.08 

Socioeconomic status T-2 
  

0.01 -0.01 0.02 
         

Anxiety problems T-2 
   

-0.02 -0.07 0.04 
         

Conduct problems T-2 
   

0.01 -0.03 0.06 
         

Alcohol frequency T-2 
   

-0.003 -0.01 0.0003 
         

Marijuana frequency T-2 
   

-0.001 -0.003 0.001 
         

Positive parenting T-2 
      

-0.01 -0.05 0.04 
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Parental supervision T-2 
      

0.01 -0.05 0.08 
      

Physical punishment T-2 
      

-0.003 -0.31 0.30 
      

Parental stress T-2 
      

0.03 -0.01 0.07 
      

Peer delinquency T-2 
         

0.02 -0.01 0.05 
   

Peer drug use T-2 
         

-0.04 -0.13 0.04 
   

Age 13-14 -1.08 -1.60 -0.56 -1.08 -1.63 -0.54 -1.18 -1.85 -0.51 -1.03 -1.57 -0.49 -1.08 -1.60 -0.56 

Age 15-16 -1.72 -2.44 -1.00 -1.58 -2.32 -0.84 -1.63 -2.45 -0.81 -1.65 -2.39 -0.90 -1.72 -2.44 -1.00 

Age 17-19 -1.53 -1.92 -1.14 -1.32 -1.76 -0.87 -1.46 -2.12 -0.80 -1.44 -1.87 -1.02 -1.53 -1.92 -1.14 

                

                
Anxiety Problems 

               

 
Model 1 Model 2 Model 3  Model 4 Model5 

  β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Marijuana frequency T-1 -0.001 -0.003 0.001 -0.001 -0.003 0.002 -0.002 -0.005 0.001 -0.001 -0.003 0.002 -0.001 -0.003 0.001 

Socioeconomic status T-2 
  

-0.01 -0.03 0.01 
         

Affective problems T-2 
   

-0.06 -0.12 0.01 
         

Conduct problems T-2 
   

0.02 -0.04 0.08 
         

Alcohol frequency T-2 
   

0.00 -0.01 0.004 
         

Alcohol quantity T-2 
   

-0.08 -0.17 0.004 
         

Positive parenting T-2 
      

-0.03 -0.10 0.04 
      

Parental supervision T-2 
      

0.06 -0.05 0.17 
      

Physical punishment T-2 
      

-0.15 -0.55 0.25 
      

Parental stress T-2 
      

0.02 -0.04 0.08 
      

Peer delinquency T-2 
         

-0.03 -0.07 0.02 
   

Peer drug use T-2 
         

-0.01 -0.13 0.10 
   

Age 13-14 -2.80 -3.49 -2.11 -2.56 -3.29 -1.84 -2.50 -3.39 -1.60 -2.71 -3.43 -1.99 -2.80 -3.49 -2.11 

Age 15-16 -4.00 -4.94 -3.06 -3.95 -4.93 -2.97 -4.38 -5.48 -3.28 -3.91 -4.89 -2.93 -4.00 -4.94 -3.06 

Age 17-19 -5.00 -5.49 -4.50 -4.91 -5.49 -4.32 -5.46 -6.35 -4.57 -4.94 -5.50 -4.38 -5.00 -5.49 -4.50 

                
Alcohol Frequency T-1 -0.0002 -0.003 0.003 0.001 -0.002 0.004 -0.002 -0.01 0.002 -0.0001 -0.003 0.003 0.001 -0.003 0.004 

Socioeconomic status T-2 
  

-0.01 -0.03 0.01 
         

Affective problems T-2 
   

-0.06 -0.13 0.01 
         

Conduct problems T-2 
   

0.03 -0.03 0.08 
         

Marijuana frequency T-2 
   

-0.01 -0.01 0.00 
      

-0.01 -0.01 -0.003 

Alcohol quantity T-2 
   

-0.06 -0.15 0.02 
         

Positive parenting T-2 
      

-0.03 -0.10 0.04 
      

Parental supervision T-2 
      

0.06 -0.05 0.17 
      

Physical punishment T-2 
      

-0.15 -0.55 0.25 
      

Parental stress T-2 
      

0.02 -0.04 0.08 
      

Peer delinquency T-2 
         

-0.03 -0.07 0.02 
   

Peer drug use T-2 
         

-0.02 -0.13 0.10 
   

Age 13-14 -2.83 -3.51 -2.14 -2.50 -3.23 -1.78 -2.55 -3.44 -1.66 -2.72 -3.44 -2.00 -2.68 -3.37 -1.99 

Age 15-16 -4.05 -4.99 -3.11 -3.90 -4.87 -2.92 -4.38 -5.48 -3.29 -3.94 -4.92 -2.97 -3.86 -4.80 -2.92 

Age 17-19 -5.05 -5.54 -4.55 -4.78 -5.37 -4.19 -5.47 -6.36 -4.58 -4.98 -5.53 -4.42 -4.79 -5.30 -4.28 
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Alcohol Quantity T-1 0.12 0.05 0.19 0.13 0.06 0.19 0.09 0.01 0.16 0.13 0.06 0.20 0.13 0.06 0.19 

Socioeconomic status T-2 
  

-0.01 -0.03 0.01 
         

Affective problems T-2 
   

-0.06 -0.13 0.01 
         

Conduct problems T-2 
   

0.02 -0.04 0.07 
         

Alcohol frequnecy T-2 
   

-0.0002 0.00 0.004 
         

Marijuana frequency T-2 
   

-0.01 -0.01 -0.003 
      

-0.01 -0.01 -0.003 

Positive parenting T-2 
      

-0.03 -0.10 0.04 
      

Parental supervision T-2 
      

0.05 -0.06 0.16 
      

Physical punishment T-2 
      

-0.15 -0.55 0.24 
      

Parental stress T-2 
      

0.02 -0.04 0.08 
      

Peer delinquency T-2 
         

-0.03 -0.07 0.02 
   

Peer drug use T-2 
         

-0.04 -0.16 0.07 
   

Age 13-14 -3.00 -3.69 -2.31 -2.77 -3.49 -2.05 -2.71 -3.61 -1.81 -2.85 -3.57 -2.13 -2.85 -3.55 -2.16 

Age 15-16 -4.47 -5.42 -3.51 -4.41 -5.39 -3.44 -4.71 -5.82 -3.60 -4.30 -5.29 -3.32 -4.26 -5.21 -3.30 

Age 17-19 -5.40 -5.91 -4.88 -5.22 -5.80 -4.64 -5.73 -6.63 -4.83 -5.27 -5.84 -4.70 -5.12 -5.65 -4.59 

                

                
Conduct Problems 

               

 
Model 1 Model 2 Model 3  Model 4 Model5 

  β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Marijuana frequency T-1 0.001 -0.0004 0.003 0.001 -0.0003 0.003 0.002 -0.0005 0.004 0.001 -0.0005 0.003 0.001 -0.0004 0.003 

Socioeconomic status T-2 
  

0.01 -0.01 0.02 
         

Affective problems T-2 
   

0.001 -0.05 0.05 
         

Anxiety problems T-2 
   

-0.004 -0.06 0.05 
         

Alcohol frequency T-2 
   

-0.001 -0.004 0.002 
         

Alcohol quantity T-2 
   

-0.01 -0.07 0.06 
         

Positive parenting T-2 
      

-0.02 -0.07 0.03 
      

Parental supervision T-2 
      

0.03 -0.04 0.10 
      

Physical punishment T-2 
      

-0.07 -0.35 0.22 
      

Parental stress T-2 
      

0.01 -0.03 0.05 
      

Peer delinquency T-2 
         

0.00 -0.03 0.03 
   

Peer drug use T-2 
         

0.04 -0.04 0.12 
   

Age 13-14 -1.18 -1.68 -0.68 -1.21 -1.73 -0.68 -1.61 -2.25 -0.97 -1.27 -1.79 -0.74 -1.18 -1.68 -0.68 

Age 15-16 -2.09 -2.77 -1.41 -2.03 -2.74 -1.32 -1.75 -2.54 -0.96 -2.20 -2.91 -1.49 -2.09 -2.77 -1.41 

Age 17-19 -1.79 -2.15 -1.42 -1.70 -2.12 -1.28 -1.34 -1.97 -0.70 -1.89 -2.29 -1.48 -1.79 -2.15 -1.42 

                
Alcohol Frequency T-1 -0.001 -0.003 0.001 -0.001 -0.003 0.001 -0.001 -0.004 0.002 -0.001 -0.004 0.001 -0.001 -0.003 0.001 

Socioeconomic status T-2 
  

0.01 -0.01 0.02 
         

Affective problems T-2 
   

0.002 -0.05 0.05 
         

Anxiety problems T-2 
   

-0.003 -0.06 0.05 
         

Marijuana frequency T-2 
   

-0.001 -0.003 0.001 
         

Alcohol quantity T-2 
   

0.002 -0.05 0.06 
         

Positive parenting T-2 
      

-0.02 -0.07 0.03 
      

Parental supervision T-2 
      

0.03 -0.04 0.10 
      

Physical punishment T-2 
      

-0.07 -0.35 0.22 
      

Parental stress T-2 
      

0.01 -0.03 0.05 
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Peer delinquency T-2 
         

0.00 -0.04 0.03 
   

Peer drug use T-2 
         

0.05 -0.03 0.13 
   

Age 13-14 -1.13 -1.63 -0.63 -1.16 -1.68 -0.63 -1.52 -2.16 -0.89 -1.24 -1.76 -0.72 -1.13 -1.63 -0.63 

Age 15-16 -1.97 -2.65 -1.29 -1.91 -2.62 -1.19 -1.64 -2.43 -0.84 -2.10 -2.81 -1.40 -1.97 -2.65 -1.29 

Age 17-19 -1.66 -2.02 -1.31 -1.57 -1.99 -1.15 -1.24 -1.88 -0.60 -1.79 -2.20 -1.39 -1.66 -2.02 -1.31 

                
Alcohol Quantity T-1 0.02 -0.03 0.08 0.03 -0.02 0.08 0.03 -0.02 0.09 0.02 -0.03 0.07 0.02 -0.03 0.08 

Socioeconomic status T-2 
  

0.01 -0.01 0.02 
         

Affective problems T-2 
   

0.001 -0.05 0.05 
         

Anxiety problems T-2 
   

-0.002 -0.05 0.05 
         

Alcohol frequency T-2 
   

-0.0003 -0.004 0.003 
         

Marijuana frequency  T-2 
   

-0.001 -0.003 0.001 
         

Positive parenting T-2 
      

-0.02 -0.07 0.03 
      

Parental supervision T-2 
      

0.03 -0.04 0.10 
      

Physical punishment T-2 
      

-0.07 -0.36 0.21 
      

Parental stress T-2 
      

0.01 -0.03 0.05 
      

Peer delinquency T-2 
         

0.00 -0.03 0.03 
   

Peer drug use T-2 
         

0.04 -0.04 0.12 
   

Age 13-14 -1.18 -1.68 -0.67 -1.19 -1.72 -0.67 -1.59 -2.24 -0.95 -1.26 -1.79 -0.74 -1.18 -1.68 -0.67 

Age 15-16 -2.10 -2.79 -1.40 -2.02 -2.74 -1.30 -1.78 -2.59 -0.97 -2.20 -2.92 -1.48 -2.10 -2.79 -1.40 

Age 17-19 -1.78 -2.15 -1.40 -1.67 -2.09 -1.25 -1.35 -2.00 -0.71 -1.88 -2.29 -1.46 -1.78 -2.15 -1.40 
 

Note. Dummy variables for subjects not shown. 
1
 Results are presented as beta coefficients for the reader who would like to see unexponentiated coefficients.  
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Table C3. Contemporaneous changes in substance use frequency and quantity associated with changes in psychiatric problem T-scores and 

time-varying family and peer characteristics (N=499)
1
 

 
Marijuana Frequency 

               

 
Model 1 Model 2 Model 3  Model 4 Model5 

 
β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Affective problems  0.02 -0.002 0.04 0.02 -0.004 0.04 0.01 -0.01 0.04 0.02 -0.003 0.04 0.02 -0.005 0.04 

Socioeconomic status T-1 
  

-0.01 -0.01 -0.004 
      

-0.01 -0.01 -0.004 

Alcohol frequency T-1 
   

0.00 0.00 0.00 
      

-0.001 -0.002 -0.0003 

Alcohol quantity T-1 
   

0.04 0.02 0.06 
      

0.04 0.02 0.06 

Anxiety problems T-1 
   

-0.01 -0.03 0.01 
         

Conduct problems T-1 
   

0.02 0.01 0.04 
      

0.02 0.01 0.04 

Positive parenting T-1 
      

0.02 -0.01 0.05 
      

Parental supervision T-1 
      

0.02 -0.03 0.07 
      

Physical punishment T-1 
      

-0.13 -0.30 0.03 
      

Parental stress T-1 
      

0.01 -0.02 0.03 
      

Peer delinquency T-1 
         

0.003 -0.01 0.01 
   

Peer drug use T-1 
         

0.01 -0.02 0.04 
   

Age 13-14 1.62 1.37 1.87 1.62 1.36 1.88 1.13 0.81 1.45 1.57 1.31 1.84 1.61 1.35 1.87 

Age 15-16 3.15 2.58 3.72 2.97 2.39 3.55 3.51 2.88 4.14 3.08 2.49 3.67 2.97 2.39 3.55 

Age 17-19 1.49 1.31 1.67 1.40 1.15 1.64 1.85 1.51 2.20 1.45 1.25 1.66 1.40 1.15 1.65 

                
Anxiety problems  0.02 -0.001 0.04 0.02 -0.002 0.04 0.01 -0.01 0.03 0.02 -0.001 0.04 0.02 -0.003 0.04 

Socioeconomic status T-1 
  

-0.01 -0.01 -0.004 
      

-0.01 -0.01 -0.004 

Alcohol frequency T-1 
   

-0.001 0.00 0.000 
      

-0.001 -0.002 -0.0002 

Alcohol quantity T-1 
   

0.04 0.02 0.06 
      

0.04 0.02 0.06 

Affective problems T-1 
   

-0.01 -0.03 0.02 
         

Conduct problems T-1 
   

0.03 0.01 0.05 
      

0.02 0.005 0.04 

Positive parenting T-1 
      

0.02 -0.01 0.05 
      

Parental supervision T-1 
      

0.02 -0.03 0.08 
      

Physical punishment T-1 
      

-0.13 -0.30 0.03 
      

Parental stress T-1 
      

0.01 -0.02 0.03 
      

Peer delinquency T-1 
         

0.003 -0.01 0.01 
   

Peer drug use T-1 
         

0.01 -0.01 0.04 
   

Age 13-14 1.60 1.35 1.85 1.60 1.34 1.86 1.12 0.80 1.43 1.54 1.28 1.81 1.60 1.33 1.86 

Age 15-16 3.14 2.56 3.71 2.97 2.38 3.55 3.50 2.86 4.13 3.05 2.46 3.65 2.96 2.37 3.54 

Age 17-19 1.48 1.30 1.65 1.38 1.14 1.63 1.83 1.49 2.17 1.44 1.24 1.63 1.39 1.15 1.64 

                
Conduct problems  0.05 0.03 0.06 0.05 0.03 0.06 0.06 0.03 0.08 0.05 0.03 0.06 0.05 0.03 0.06 

Socioeconomic status T-1 
  

-0.01 -0.01 -0.004 
      

-0.01 -0.01 -0.003 

Alcohol frequency T-1 
   

-0.001 -0.002 -0.0001 
      

-0.001 -0.002 -0.0001 

Alcohol quantity T-1 
   

0.04 0.02 0.06 
      

0.04 0.02 0.06 

Anxiety problems T-1 
   

0.004 -0.02 0.03 
         

Affective problems T-1 
   

-0.01 -0.04 0.02 
         

Positive parenting T-1 
      

0.02 -0.005 0.05 
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Parental supervision T-1 
      

0.02 -0.04 0.07 
      

Physical punishment T-1 
      

-0.11 -0.26 0.05 
      

Parental stress T-1 
      

0.01 -0.02 0.03 
      

Peer delinquency T-1 
         

0.001 -0.01 0.01 
   

Peer drug use T-1 
         

0.01 -0.01 0.04 
   

Age 13-14 1.78 1.52 2.04 1.77 1.51 2.04 1.30 0.96 1.64 1.74 1.47 2.01 1.77 1.51 2.03 

Age 15-16 3.33 2.77 3.89 3.12 2.55 3.70 3.79 3.17 4.42 3.25 2.67 3.83 3.11 2.54 3.68 

Age 17-19 1.78 1.59 1.98 1.56 1.33 1.79 2.28 1.90 2.65 1.74 1.52 1.96 1.56 1.33 1.80 

                

                
Alcohol Frequency 

               

 
Model 1 Model 2 Model 3  Model 4 Model5 

 
β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Affective problems  0.02 -0.01 0.04 0.02 -0.01 0.05 0.00 -0.03 0.03 0.02 -0.01 0.04 0.02 -0.01 0.04 

Socioeconomic status T-1 
  

-0.005 -0.01 0.001 
         

Marijuana frequency T-1 
   

-0.0003 -0.001 0.0002 
         

Alcohol quantity T-1 
   

0.02 -0.001 0.04 
         

Anxiety problems T-1 
   

-0.02 -0.06 0.02 
         

Conduct problems T-1 
   

0.01 -0.01 0.03 
         

Positive parenting T-1 
      

-0.003 -0.05 0.04 
      

Parental supervision T-1 
      

0.01 -0.06 0.08 
      

Physical punishment T-1 
      

-0.06 -0.34 0.22 
      

Parental stress T-1 
      

0.01 -0.02 0.05 
      

Peer delinquency T-1 
         

-0.01 -0.02 0.01 
   

Peer drug use T-1 
         

0.06 0.03 0.09 0.05 0.02 0.08 

Age 13-14 1.03 0.79 1.28 0.98 0.72 1.24 0.57 0.16 0.99 0.88 0.62 1.13 0.88 0.63 1.14 

Age 15-16 2.55 2.04 3.06 2.42 1.87 2.96 2.97 2.40 3.53 2.23 1.70 2.76 2.25 1.72 2.77 

Age 17-19 1.79 1.62 1.97 1.66 1.37 1.95 2.12 1.70 2.55 1.59 1.39 1.80 1.62 1.43 1.82 

                
Anxiety problems  -0.01 -0.04 0.02 -0.01 -0.04 0.02 -0.02 -0.05 0.02 -0.01 -0.04 0.02 -0.01 -0.04 0.02 

Socioeconomic status T-1 
  

-0.004 -0.01 0.002 
         

Marijuana frequency T-1 
   

-0.0003 -0.001 0.0002 
         

Alcohol quantity T-1 
   

0.02 -0.0003 0.04 
         

Affective problems T-1 
   

0.01 -0.02 0.04 
         

Conduct problems T-1 
   

0.01 -0.02 0.03 
         

Positive parenting T-1 
      

-0.003 -0.05 0.04 
      

Parental supervision T-1 
      

0.01 -0.06 0.08 
      

Physical punishment T-1 
      

-0.06 -0.34 0.22 
      

Parental stress T-1 
      

0.01 -0.02 0.05 
      

Peer delinquency T-1 
         

-0.01 -0.02 0.01 
   

Peer drug use T-1 
         

0.06 0.03 0.09 0.05 0.02 0.08 

Age 13-14 1.00 0.76 1.25 0.94 0.69 1.20 0.55 0.13 0.98 0.84 0.59 1.10 0.85 0.59 1.10 

Age 15-16 2.54 2.03 3.04 2.39 1.85 2.94 2.96 2.39 3.52 2.21 1.68 2.74 2.23 1.70 2.75 

Age 17-19 1.72 1.54 1.90 1.62 1.34 1.90 2.07 1.64 2.50 1.52 1.30 1.73 1.55 1.35 1.75 
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Conduct problems  0.05 0.03 0.06 0.05 0.03 0.06 0.05 0.03 0.07 0.04 0.03 0.06 0.04 0.03 0.06 

Socioeconomic status T-1 
  

-0.01 -0.01 0.001 
         

Marijuana frequency T-1 
   

-0.0001 -0.001 0.0004 
         

Alcohol quantity T-1 
   

0.01 -0.01 0.03 
         

Anxiety problems T-1 
   

-0.02 -0.06 0.02 
         

Affective problems T-1 
   

0.01 -0.02 0.05 
         

Positive parenting T-1 
      

-0.002 -0.05 0.04 
      

Parental supervision T-1 
      

0.01 -0.07 0.08 
      

Physical punishment T-1 
      

-0.04 -0.33 0.24 
      

Parental stress T-1 
      

0.01 -0.02 0.05 
      

Peer delinquency T-1 
         

-0.01 -0.02 0.01 
   

Peer drug use T-1 
         

0.05 0.02 0.09 0.04 0.02 0.07 

Age 13-14 1.14 0.87 1.41 1.12 0.83 1.40 0.63 0.15 1.11 1.00 0.72 1.28 1.01 0.72 1.29 

Age 15-16 2.63 2.13 3.13 2.52 1.99 3.06 3.18 2.62 3.74 2.33 1.80 2.85 2.35 1.83 2.87 

Age 17-19 2.05 1.86 2.24 1.91 1.63 2.19 2.59 2.15 3.03 1.86 1.64 2.08 1.90 1.68 2.11 

                

                

                
Alcohol Quantity 

               

 
Model 1 Model 2 Model 3  Model 4 Model5 

 
β 95% CI β 95% CI β 95% CI β 95% CI β 95% CI 

Affective problems  0.02 0.01 0.03 0.02 0.004 0.03 0.01 -0.004 0.03 0.02 0.01 0.03 0.02 0.00 0.03 

Socioeconomic status T-1 
  

-0.01 -0.01 -0.002 
      

-0.01 -0.01 -0.002 

Marijuana frequency T-1 
   

-0.001 -0.001 -0.0001 
      

-0.001 -0.001 -0.0002 

Alcohol frequency T-1 
   

-0.0004 -0.001 0.0002 
         

Anxiety problems T-1 
   

-0.01 -0.03 0.003 
         

Conduct problems T-1 
   

0.01 0.002 0.03 
      

0.01 -0.000001 0.02 

Positive parenting T-1 
      

-0.003 -0.02 0.02 
      

Parental supervision T-1 
      

0.002 -0.03 0.03 
      

Physical punishment T-1 
      

-0.03 -0.17 0.10 
      

Parental stress T-1 
      

0.01 -0.01 0.03 
      

Peer delinquency T-1 
         

0.005 -0.004 0.01 
   

Peer drug use T-1 
         

0.02 -0.003 0.04 
   

Age 13-14 0.69 0.52 0.85 0.72 0.55 0.88 0.56 0.34 0.78 0.62 0.44 0.79 0.71 0.55 0.88 

Age 15-16 1.63 1.34 1.92 1.70 1.40 2.00 1.72 1.39 2.05 1.53 1.23 1.84 1.69 1.39 1.98 

Age 17-19 1.07 0.96 1.18 1.09 0.94 1.24 1.16 0.94 1.38 1.01 0.88 1.14 1.09 0.94 1.23 

                
Anxiety problems  0.002 -0.01 0.02 0.0002 -0.01 0.01 -0.001 -0.02 0.02 0.001 -0.01 0.02 0.0004 -0.01 0.01 

Socioeconomic status T-1 
  

-0.01 -0.01 -0.002 
      

-0.01 -0.01 -0.002 

Marijuana frequency T-1 
   

-0.0004 -0.001 0.0002 
      

-0.001 -0.001 -0.0002 

Alcohol quantity T-1 
   

-0.001 -0.001 -0.0001 
         

Affective problems T-1 
   

-0.003 -0.02 0.01 
         

Conduct problems T-1 
   

0.01 0.002 0.02 
      

0.01 0.001 0.02 

Positive parenting T-1 
      

-0.003 -0.02 0.02 
      

Parental supervision T-1 
      

0.002 -0.03 0.03 
      

Physical punishment T-1 
      

-0.03 -0.17 0.10 
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Parental stress T-1 
      

0.01 -0.01 0.03 
      

Peer delinquency T-1 
         

0.004 -0.004 0.013 
   

Peer drug use T-1 
         

0.02 -0.001 0.04 
   

Age 13-14 0.67 0.51 0.84 0.70 0.53 0.87 0.55 0.34 0.77 0.60 0.43 0.77 0.70 0.53 0.87 

Age 15-16 1.62 1.33 1.92 1.70 1.40 2.00 1.71 1.38 2.04 1.52 1.21 1.82 1.68 1.38 1.97 

Age 17-19 1.02 0.91 1.14 1.06 0.91 1.20 1.13 0.90 1.35 0.96 0.83 1.09 1.04 0.89 1.19 

                
Conduct problems  0.04 0.03 0.05 0.04 0.03 0.05 0.04 0.03 0.05 0.04 0.03 0.05 0.04 0.03 0.05 

Socioeconomic status T-1 
  

-0.01 -0.01 -0.002 
      

-0.01 -0.01 -0.002 

Alcohol frequency T-1 
   

-0.0004 -0.001 0.0001 
         

Marijuana frequency T-1 
   

-0.0004 -0.001 0.00003 
         

Anxiety problems T-1 
   

-0.01 -0.03 0.005 
         

Affective problems T-1 
   

0.00 -0.01 0.02 
         

Positive parenting T-1 
      

-0.002 -0.02 0.02 
      

Parental supervision T-1 
      

-0.001 -0.03 0.03 
      

Physical punishment T-1 
      

-0.02 -0.15 0.11 
      

Parental stress T-1 
      

0.01 -0.01 0.03 
      

Peer delinquency T-1 
         

0.004 -0.004 0.01 
   

Peer drug use T-1 
         

0.02 -0.005 0.04 
   

Age 13-14 0.75 0.58 0.92 0.79 0.61 0.97 0.59 0.36 0.83 0.69 0.51 0.87 0.76 0.58 0.93 

Age 15-16 1.72 1.43 2.01 1.75 1.46 2.05 1.88 1.55 2.21 1.63 1.33 1.94 1.68 1.39 1.97 

Age 17-19 1.25 1.13 1.38 1.21 1.06 1.36 1.45 1.22 1.68 1.20 1.06 1.34 1.16 1.02 1.30 

 

Note. Dummy variables for subjects not shown. 
1
 Results are presented as beta coefficients for the reader who would like to see unexponentiated coefficients. 
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