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Abstract
Aims—We examined two questions about the relationship between conduct disorder (CD),
depression, and anxiety symptoms and substance use onset: (1) what is the relative influence of
recent and more chronic psychiatric symptoms on alcohol and marijuana use initiation and (2) are
there sensitive developmental periods when psychiatric symptoms have a stronger influence on
substance use initiation?

Design—Secondary analysis of longitudinal data from the Pittsburgh Youth Study, a cohort
study of boys followed annually from 7–19 years of age.

Setting—Recruitment occurred in public schools in Pittsburgh, Pennsylvania, USA.

Participants—Five hundred and three boys.

Measurements—The primary outcomes were age of alcohol and marijuana use onset. Discrete-
time hazard models were used to determine whether (a) recent (prior year); and (b) cumulative
(from age 7 until 2 years prior to substance use onset) psychiatric symptoms were associated with
substance use onset.

Findings—Recent anxiety symptoms (HR= 1.10, 95% CI=1.03–1.17), recent (HR=1.59, 95%
CI=1.35–1.87), cumulative (HR=1.45, 95% CI=1.03–2.03) CD symptoms, and cumulative
depression symptoms (HR= 1.04, 95% CI=1.01–1.08) were associated with earlier alcohol use
onset. Recent (HR=1.39, 95% CI=1.22–1.58) and cumulative CD symptoms (HR=1.38, 95%
CI=1.02–1.85) were associated with marijuana use onset. Recent anxiety symptoms were only
associated with alcohol use onset among black participants.
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Conclusions—Timing matters in the relationship between psychiatric symptoms and substance
use onset in childhood and adolescence, and the psychiatric predictors of onset are substance-
specific. There is no single sensitive developmental period for the influence of psychiatric
symptoms on alcohol and marijuana use initiation.
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Introduction
The patterns of alcohol and drug use that emerge during childhood and adolescence are
increasingly recognized as important predictors of pathological substance use behaviors and
associated disorders in adulthood.1–6 Given that substance use becomes increasingly
common during adolescence, the identification of factors associated with the onset of
substance use needs to begin in childhood.

Psychiatric symptoms may offer important targets for early intervention designed to prevent
the development of substance use problems. Common psychiatric symptom domains,
including conduct disorder (CD), depression and anxiety, often start earlier than substance
use and have been repeatedly correlated with substance use across development7–14.
However, critical questions about the timing of the relationship between psychiatric
symptoms and substance use initiation in childhood and adolescence remain. For example,
we do not know whether the risk of child and adolescent substance use initiation is best
predicted by recent psychiatric symptoms or by a history of cumulative psychiatric
symptoms. The former may suggest that substance use onset can occur as a short-term
response to a transient set of psychiatric symptoms, while the latter might reflect that early
substance use onset is concentrated among individuals with a longer, potentially more
severe, history of psychiatric symptoms. Recent versus cumulative effects also suggest
different avenues for intervention. If substance use initiation is facilitated primarily by
recent psychiatric symptoms, then substance use prevention programs should target all
children who are exhibiting psychiatric symptoms. In contrast, if a cumulative history of
mental health problems represents the primary risk factor for substance use initiation,
prevention efforts should focus on youth with a prolonged history of psychiatric symptoms,
even if they do not exhibit current psychiatric symptoms.

We also do not know whether there are sensitive developmental periods when psychiatric
symptoms have a particularly strong influence on substance use initiation. By identifying the
etiologic period of influence, we can gain insight into the developmentally-specific
mechanisms through which psychiatric symptoms may lead to substance use initiation. For
example, we can determine whether symptoms of CD, characterized by serious violations of
rules and social norms, influence initiation at a different developmental stage than symptoms
of depression and anxiety, which are characterized by negative emotionality. Given that
early onset of substance use is a robust predictor of future substance use disorders,1 it is
especially important to understand which psychiatric symptom domains are most robustly
associated with substance use onset prior to adolescence. If certain domains of psychiatric
symptoms are stronger predictors of risk for early rather than late substance use onset,
preventing onset and reducing duration of such symptoms may also reduce risk of early
onset substance use and the associated adverse long-term consequences.

While prior studies have documented an association between psychiatric symptoms and
substance use initiation, most have examined the psychiatric symptoms at a single point in
time8,12,15–21. This assumes a constant effect of psychiatric symptoms on onset across
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developmental stages. To address this limitation, the current study examined the timing of
the association between symptoms of CD, depression and anxiety, and alcohol and
marijuana use onset from childhood through late adolescence in a longitudinal sample of
boys. In particular, this investigation examined whether a long-term accumulation of
psychiatric symptoms and/or short-term fluctuations in psychiatric symptoms predicted
subsequent alcohol or marijuana use initiation, and whether these associations varied by age
of substance use onset. Since there are robust race/ethnic differences in substance use
initiation, we also stratified by race/ethnicity.

METHOD
Study sample

We used data from the youngest cohort of the Pittsburgh Youth Study (PYS)22,23,24,25

Participants were originally selected from boys enrolled in 1st grade at 31 public schools in
Pittsburgh (PA) in 1987–1988. A random sample of boys was invited for an initial screening
of antisocial behavior (e.g., fighting, stealing, defiant) based on parent, teacher and youth
report measures, with 85% of the families contacted agreeing to participate in the
screening24. Boys ranking in the top 30% of antisocial behavior, together with an
approximately equal number of participants randomly chosen from the remaining 70% of
the distribution were included in the study (total N=503). Boys selected for follow-up were
not different from the screening sample in terms of race, reading achievement, or parental
education.25 More than half of the sample was Black (56%), the remainder was White
(41%), or Asian, Mexican and Mixed-race (3%). Additional information on sampling is
available elsewhere24,25.

The participants, mean age 6.7 years at baseline, were assessed annually or semi-annually,
depending on the measure, for thirteen years. The analysis included all boys who had not
initiated alcohol or marijuana use by age 9 and were followed until age 19 (n=470 for
alcohol use and 499 for marijuana use initiation). We excluded boys who onset earlier than
age 9 because data on the psychiatric predictors at age 6 was incomplete and data was not
available for earlier ages. Caretakers provided informed consent and children provided
assent until age 17 and consent thereafter. 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.

Measures
Outcome: Drug use onset—Alcohol and marijuana use were assessed semi-annually by
the Self-Reported Antisocial Behavior scale (SRA)25,26 until age 10 and by a 16-item
Substance Use Scale,26,27 based on the National Youth Survey at age 10 and thereafter. The
30-item SRA scale includes many behaviors from the Self-Reported Delinquency (SRD)
scale that have been modified to be more age-appropriate and understandable to young
children.26 Children were queried about timing, quantity, and frequency of alcohol (beer,
wine, and liquor) and marijuana use. We defined age at onset of alcohol use as the age when
consumption of at least a half a drink was first reported. Age at onset of marijuana was
defined as the age when any use of marijuana was first reported.

Exposure: Psychiatric disorder symptom domains—Depression symptoms were
measured using the 13-item Recent Mood and Feelings Questionnaire (RMFQ) that was
administered to boys annually28. RMFQ has previously demonstrated adequate reliability
(alpha coefficient= 0.87)29 and a strong association with a diagnosis of depression.30
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Anxiety was measured at each assessment wave using multiple informants. Items from the
Achenbach scales that were rated as consistent with anxiety disorders by a group of mental
health professionals were administered to caregivers (Child Behavior Checklist -CBCL) and
teachers (Teacher report form -TRF) from age 7 to 16, and the youth from age 10 to 19
(Youth Self Report -YSR - until age 17, and the Young Adult Self-report -YASR -
thereafter).31–33 The highest rating across the three informants was selected for each item
and the items were summed to form a total anxiety score. Internal consistency coefficients of
the three informant-specific anxiety scales varied from 0.67–0.73. The scale has been shown
to discriminate between clinic-referred children with anxiety disorders and non-referred
children34,35.

A count of CD symptoms were measured semi-annually through self-report using items
from the SRA26,27 until age 9.5, items from the SRD27 from age 10 onwards, and items
from the Child report of the Achenbach scales (i.e. YSR and YASR)31–33 from age 10.5
onwards. 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 children referred to psychiatric clinics
and non-referred children.34,36 Internal consistency was high (Cronbach’s alpha coefficients
were 0.92, and 0.83 for the SRD37 and YSR34 respectively). The items included in the
depression, anxiety and CD measures are listed in Tables S1–S3, available online.

Age-specific variables were created for alcohol and marijuana use and the psychiatric
symptoms domain variables by combining semi-annual assessments when appropriate. For
the semi-annual assessments, substance use onset was considered present if the child
reported use at either assessment at a given age. The mean of the two semi-annual anxiety
and CD scores were used. Because depression was measured annually across the entire
duration of the study, it was not necessary to combine semi-annual assessments for this
scale.

We created recent and cumulative measures for each of the three psychiatric disorder
symptom domains. Recent measures reflected the level (score) of the psychiatric domains
the year prior to the measurement of substance use. The cumulative measures indicated the
mean level of the psychiatric domain symptoms from age 7 to two years prior to the
measurement of substance use. Recent and cumulative measures of the each domain were
temporally separated to enable us to examine the independent contribution that each made to
alcohol and marijuana use initiation. Recent and cumulative measures of the three domains
were moderately correlated at each age (Table S4, available online).

Covariates
Race/ethnicity of the child was reported by the parent at the initial screening assessment.
The variable race/ethnicity was dichotomized as Black or Other. Family socioeconomic
status (SES) was assessed at baseline by applying the Hollingshead Index of Social Status to
data provided by the primary caretaker38. Lifetime parental history of problems with alcohol
and drugs was assessed at baseline for each biological parent using the Family Substance
Use Questionnaire.24,24,25. Lifetime parental history of internalizing and antisocial problems
was also assessed at baseline for each biological parent with the Georgia Child Center
questionnaire.

Data Analysis
Analyses were conducted is SAS 9.2.39 Missing data was treated using the listwise approach
(see Table 1 for information on the amount of missing data in baseline covariates and see
Tables S5–6 for the same information for each psychiatric symptom domain at each age). To
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examine the role of each psychiatric domain symptom on age at initiation of use of alcohol
or marijuana we conducted discrete-time survival analysis (DTSA) using age-specific
measures of substance use and the psychiatric symptoms. DTSA estimated the hazard of
initiation of substance use at a particular age (given that initiation had not previously
occurred), as a function of prior, time-varying levels of depression, anxiety and CD.40

Psychiatric symptoms that occurred following onset were not used to predict hazard of
initiation. To allow for variation in the level of the psychiatric symptoms over time, we
arranged the data for DTSA using the counting-process format whereby multiple records are
generated per subject, each to reflect a single 1-year measurement interval over which
covariates are invariant. Robust sandwich estimators were used for statistical inference, to
account for clustering of responses within subjects and within schools from which
respondents were recruited.41

We tested two types of models: (1) models including both recent and cumulative measures
of the same psychiatric domain; and (2) models including all measures of the three
psychiatric domains. All models were initially adjusted for demographic variables (race,
family SES) and family history of problem substance use, internalizing, and antisocial
problems. In subsequent models, we only retained covariates that were significantly
associated with the outcome. We next tested whether the relationship between each of the
psychiatric predictors and alcohol and marijuana use onset varied by age and race/ethnicity.
Moderation by age of substance use onset was tested by including an interaction term
between the psychiatric predictors and the age at which substance use onset was measured.
Interactions by race/ethnicity were tested similarly.

RESULTS
The analytic sample included 460 respondents to examine alcohol use onset and 488
respondents to examine marijuana use onset. Exclusion criteria for the alcohol analysis
included alcohol use prior to age 9 (n=33) and missing response to the questions on alcohol
use on all measurement occasions (n=10). For the marijuana analysis, four children were
excluded because of marijuana initiation before age 9 and 11 children were excluded
because of missing responses to questions on marijuana use across all measurements
occasions. As our final models retained only race/ethnicity and SES, which were complete
for the entire sample, no respondents were excluded due to missing baseline covariates.

Table 1 shows characteristics of participants included in the current study, separately for
analyses involving alcohol and marijuana use initiation. 83% of the boys initiated alcohol
and 62% initiated marijuana use by the last assessment: 25% initiated alcohol only, 2.2%
initiated marijuana only, and 59.5% initiated use of both substances.

Figure 1 shows the age-specific hazard rates of alcohol and marijuana use onset for the
overall sample and by race/ethnicity. While age-specific hazard rates increased between
ages 9 –19 for both alcohol and marijuana, the hazard of initiating alcohol was over twice as
large as the hazard of initiating marijuana, regardless of race/ethnicity. The figure suggests
differences between the racial/ethnic groups in the specific hazard rates: at age 17 and after,
the hazard rates for alcohol initiation were consistently higher for Other adolescents, and at
age 14 and after, the hazard rates of marijuana initiation were higher in Black adolescents.
The median age at alcohol initiation was 14 for Black and Other adolescents, and the median
age at marijuana initiation was 16 and 17 for Black and Other adolescents respectively.

Figure 2 shows psychiatric symptom levels of participants who were at risk of initiating
alcohol or marijuana use, separating those who ever initiated use from those who did not.
Recent and cumulative psychiatric domain symptoms were higher in participants who
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eventually initiated use than in participants who never initiated use. This difference in the
levels of psychiatric domain symptoms between ever and never starters was most dramatic
for CD symptoms.

The influence of depression, anxiety, and CD on initiation of alcohol or marijuana use is
depicted in Table 2. In single-domain analyses (models 1–3), cumulative depression, recent
anxiety, and recent and cumulative CD symptoms were associated with earlier onset of
alcohol use. In a full model (model 4) that included all three psychiatric domain symptoms,
cumulative depression, recent anxiety, and recent and cumulative CD remained
independently predictive of earlier alcohol initiation (Table 2). Cumulative anxiety was
marginally related to alcohol use onset, with higher levels of cumulative anxiety associated
with a reduced likelihood of initiating alcohol use.

For models predicting marijuana use onset, initial single-domain analyses (models 1–3)
indicated that cumulative depression and recent and cumulative CD predicted earlier
initiation of marijuana. The full model containing measures for all three psychiatric
symptom domains showed that only recent and cumulative CD were associated with
marijuana use initiation (Table 2).

The associations of all psychiatric domains with alcohol or marijuana use initiation were
constant across age: estimating interactions between each psychiatric domains and age did
not improve model fit. The association of recent anxiety symptoms with alcohol use
initiation differed by race/ethnicity (X2 for likelihood ratio test comparing models with and
without interaction term = 7.2; p<0.01). Recent anxiety symptoms predicted initiation of
alcohol use only among Black participants (HR = 1.19; 95% CI = 1.10–1.29).

DISCUSSION
Our study shows that timing matters in the relationship between psychiatric symptoms and
substance use onset in childhood and adolescence, and that the psychiatric predictors of
onset are substance-specific. We found, first, that cumulative depressive symptoms were
more important for predicting risk for earlier alcohol use onset than recent symptoms, with
the latter providing no incremental predictive utility. In contrast, recent, rather than
cumulative, anxiety symptoms posed a risk for earlier alcohol use onset among Black
respondents. Both recent and cumulative CD symptoms made independent contributions to
the risk of alcohol and marijuana use onset. Further, there was no single sensitive
developmental period for the influence of psychiatric symptoms on alcohol and marijuana
use initiation.

Initiation of alcohol use arises after a cumulative, rather than recent, experience of
depressive symptoms. From an etiologic perspective, this finding suggests a more nuanced
perspective on the self-medication hypothesis.42 Initiation of alcohol use may not be a short-
term strategy to manage current symptoms of depression associated with daily stressful life
events. Instead, it points to a potential threshold effect, whereby depression symptoms needs
to accumulate to a “tipping point” over time before they may lead youth to decide to
experiment with alcohol to relieve symptoms of distress. Such cumulative depression may
reflect distress associated with the occurrence of major traumatic events, rather than daily
life events.43 Individuals with cumulative depression may also have limited capacity for
self-regulation of negative affect, and may be unable to react in a constructive manner to
external sources of stress.44 Alcohol use may then emerge as a maladaptive means of
alleviating these persistent feelings of sadness. Overall, these findings indicate that
initiatives oriented towards the prevention of alcohol use in childhood and adolescence
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should focus on identifying and preventing cases with a cumulative history of depression,
regardless of their current status.

Recent forms of anxiety were associated with a higher risk of alcohol use initiation, while
cumulative forms of anxiety were marginally associated with a lower risk of alcohol use
onset across childhood and adolescence. Earlier studies in this cohort found a positive
association between recent anxiety symptoms and alcohol use onset;45 we extend this work
by finding that recent and cumulative forms of anxiety may actually have opposite effects on
alcohol use onset. The positive relationship between recent anxiety and alcohol use initiation
is consistent with laboratory studies that found stress-response dampening effects associated
with acute alcohol intoxication, as well as prior prospective studies of adolescents that found
a positive association between past 12-month anxiety symptoms and alcohol use problems.46

The marginally negative association between cumulative anxiety and alcohol use onset, in
contrast, may reflect certain types of stable anxiety problems such as social phobia and
separation anxiety or a fearful temperament. These types of problems may inhibit children
and adolescents from detaching from their caregiver and establishing relationships with
deviant peers, thus reducing the opportunities to access and experiment with alcohol earlier
in life18,47,48. High temperamental fear in children is associated with a reduced likelihood of
alcohol use onset, and adolescents who exhibit shy/withdrawn behaviors are less likely to
develop alcohol dependence in adulthood.49,50

The association of recent anxiety symptoms with alcohol use onset was specific to Black
respondents, suggesting that the social context around which psychiatric symptoms emerge
is an important modifier of the relation between these symptoms and alcohol use onset.
Black respondents face greater adversity than their peers in a number of domains, including
on average lower socio-economic status, experiences of discrimination and social adversity,
and higher likelihood of exposure to violence and other stressful experiences.51,52 All of
these experiences may engender greater levels of anxiety and stress, which may be mitigated
by engagement with substance use at an early age. Black adolescents and adults who report
higher levels of discrimination due to race/ethnicity are more likely to engage in problematic
drinking patterns.53,54 The present study is the first, to our knowledge, that reports on a
differential pattern of the association between recent anxiety symptoms and alcohol use
onset, and suggests that the social context may be a critical part of assessing psychiatric
symptoms and substance use in childhood and adolescence.

The impact of depression and anxiety on substance use onset were specific to alcohol, not
marijuana.8,13 This is consistent with prior studies that examined either alcohol or marijuana
use, and found a robust relationship between symptoms of affective disorders and alcohol
use,46,55 but conflicting findings on the relationship between symptoms of affective
disorders and marijuana use.19,45,56–58 By separately examining the relationship among
depression and anxiety and alcohol and marijuana in the same population, we were able to
differentiate the particular impact that depression and anxiety had on the two types of
substances.

There was consistent evidence across substances that both cumulative and recent CD
symptoms increase the risk for early initiation of substance use.7,9,10,16,59 A life-course
pattern of persistent antisocial problems, associated with a series of long-term risk
behaviors, increases risk for alcohol and marijuana use initiation, even among individuals
who do not exhibit any current symptoms of CD.60–62 In addition, temporally-proximate
elevations in CD, which may reflect more prevalent antisocial problems in adolescence, also
predict risk for alcohol and marijuana use initiation, regardless of any prior history of
CD.63,64 Such findings are consistent with developmental theories of antisocial behavior,
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that propose that both childhood and adolescent-onset forms of antisocial behavior are
linked to problematic substance use.60–62

This study was subject to several limitations. First, we did not attempt to disentangle the
factors that explain the association of depression, anxiety and CD with substance use
initiation. The observed links could be due to common genetic and social factors that lead to
the onset of both psychiatric symptoms and substance use, or they could be causally
connected through social and behavioral pathways. Second, because all participants in the
Pittsburgh Youth Study are male, it was not possible to examine the relationship between
psychopathology and substance use onset among girls. Third, all participants were selected
from Pittsburgh public schools, which limits our ability to generalize findings beyond this
area. Fourth, half of the sample consisted of high-risk boys, limiting our ability to infer to
the general population, but also providing us with greater power to detect an association
between psychiatric symptoms and substance use. Fifth, while we examined measures of
psychiatric symptoms that are generally consistent with DSM diagnoses, these measures did
not explicitly measure diagnostic criteria for DSM disorders. However, it is increasingly
recognized that psychiatric symptoms are best conceptualized as falling on a continuum of
severity rather than representing a discrete taxon. Sixth, a low base rate prevented us from
examining the predictors of initiation of other illicit drugs. Finally, informants on anxiety
varied across time: while teachers and parents reported in childhood, boys themselves
reported in late childhood through adolescence. However, a sensitivity analysis found that
the type of informant had no effect on the relationship between anxiety and substance use
onset.

Our findings suggest that substance use prevention efforts should target youth based on the
type and chronicity of their psychiatric symptoms. While youth with a cumulative history of
depressive symptoms appear at increased risk for alcohol use initiation, recent and
cumulative experience of CD symptoms across childhood and adolescence produce a
generalized vulnerability to alcohol and marijuana use. Recent anxiety symptoms pose an
increased risk for alcohol use initiation among Black boys. The impact of psychiatric
symptoms on substance use initiation is constant from childhood to late adolescence: no
sensitive period of influence was identified.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Hazard rates of substance use initiation by age, and by race/ethnicity. Note: Fig 1A
represents hazard rates of alcohol initiation, Fig 1B represents hazard rates of marijuana
initiation
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FIGURE 2.
A. Number of participants (and sample proportion) initiating use of alcohol and marijuana
by age; B. The levels of recent and cumulative psychiatric symptoms are shown by age for
participants at risk of alcohol or marijuana initiation. Starters (S) –participants who
eventually started using the substance- and Never-starters (NS)–participants who never
initiated use- are shown separately.
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TABLE 1

Baseline characteristics of the participants in the samples for follow-up of alcohol and marijuana use initiation

Alcohol follow-up sample N= 460 Marijuana follow-up sample N= 488

Variables N (%) or Mean (SD) N (%) or Mean (SD)

Participants who initiated use during follow up 382(83 %) 303 (62 %)

Race/ethnicity

 Black 260 (55 %) 276 (55 %)

 Other 210 (45 %) 223 (45 %)

 Missing 0 0

SES (Hollingshead scale score)

 High (49.5–66) 39 (8.3) 41 (8.2)

 Mid (33–49.5) 165 (35) 175 (35)

 Low (16.5–33) 212 (45) 228 (46)

 Very low (<16.5) 54 (12) 55 (11)

 Missing 0 0

Biological parents’ problems with alcohol, score 1.34 (2.0) 1.35 (2.0)

 Missing 30 (6.6) 31 (6.4)

Biological parents’ problems with drugs

 0 parent 333 (71 %) 414 (7.2 %)

 1 parent 40 (8.5 %) 42 (8.4 %)

 2 parents 7 (1.5 %) 7 (1.4 %)

 Missing 90 (19 %) 35 (7.2 %)

Biological parents’ internalizing disorders, score 0.38 (0.63) 0.37 (0.62)

 Missing 64 (14) 68 (14)

Biological parents’ antisocial problems, score 0.69 (1.08) 0.69 (1.09)

 Missing 60 (13) 63 (13)
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