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Abstract
Purpose—To examine how cannabis use and polysubstance use among cannabis users relate to
psychosis spectrum (PS) symptoms in a large community-based sample of US youth.
Methods—4,171 youth (age 14–21; mean=16.90, SD=1.85; 55% female) from the Philadelphia
Neurodevelopmental Cohort (PNC) completed assessments of substance use, PS symptoms, and
confounding variables (e.g., demographics, comorbid psychopathology, trauma exposure).
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Results—After adjusting for confounds, cannabis use by itself was not associated with increased
odds of being classified as “psychosis spectrum.” However, cannabis use in combination with
tobacco or other substance use was associated with increased odds of PS classification (adjusted
odds ratios [ORs] = 1.37 to 1.76). Follow-up symptom-level analyses revealed that cannabis use in
combination with other substances was associated with subclinical positive symptoms (ORs=1.95
and 2.24) and frequent cannabis use was associated with subclinical negative/disorganized
symptoms (OR=2.14). However, these symptom-level findings were reduced to trends after
correction for multiple comparisons. Neither cannabis use nor polysubstance use was associated
with threshold delusions or hallucinations.
Conclusions—After adjusting for important confounds, there was minimal evidence for
associations between cannabis use by itself and PS symptoms. More compelling evidence emerged
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Implications and Contribution: This study found minimal evidence for associations between cannabis use alone and psychosis
spectrum (PS) symptoms in US youth. However, cannabis use in combination with other substance use was associated with PS
symptoms, highlighting the importance of considering polysubstance use and potential confounds in understanding associations
between cannabis and PS symptoms.
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for associations between polysubstance use among cannabis users and PS symptoms. This study
highlights the importance of considering polysubstance use and confounds when examining
associations between cannabis use and PS symptoms. Further longitudinal research is necessary to
determine whether these findings represent causal associations or shared genetic and/or
environmental vulnerability for substance use and PS symptoms.
Keywords
cannabis; marijuana; polysubstance; psychosis; schizophrenia; Philadelphia Neurodevelopmental
Cohort
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Cannabis is the most commonly used illicit substance among young people in the United
States (US) [1]. An estimated 1.8 million adolescents and 6.8 million young adults in the US
are current cannabis users, and the prevalence of cannabis use in the US is increasing [1,2].
In addition, relative to prior years, US adolescents now report more permissive attitudes
toward cannabis use and perceive regular cannabis use as less of a health risk [3,4]. Given
the ongoing societal-level changes in the use and legalization of cannabis in the US, a
critical task for researchers is to advance knowledge about potential associations between
cannabis use and adolescent health and adjustment.

Cannabis Use and Psychosis
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Researchers and clinicians have long been interested in associations between cannabis use
and mental health. Much of the research in this area has focused on possible links between
cannabis use and the psychosis spectrum (PS) — a continuum ranging from subclinical
psychotic-like experiences which may or may not persist, to threshold delusions and
hallucinations that cause significant distress and impairment [5,6]. Examples of subclinical
psychotic-like experiences include attenuated positive symptoms, such as odd or unusual
thoughts and perceptual illusions, and attenuated negative or disorganized symptoms, such
as blunted affect and diminished volition or social interest. Such symptoms are relatively
common in the general population [6], particularly among young people. An estimated 17%
of children and 7.5% of adolescents report subclinical psychotic-like experiences [7]. Young
people who experience these subclinical psychotic symptoms are at increased risk of
developing a psychotic disorder [8], and these symptoms are associated with poorer global
functioning, comorbid psychological difficulties, and increased suicidality [5,9].
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Mounting empirical evidence supports an association between cannabis use and the
psychosis spectrum [10,11]. Studies have shown that cannabis use during adolescence is
associated with subclinical positive and negative symptoms [12] and predicts the onset of
psychotic disorders in adulthood [13]. In general, studies have shown a dose-response
relation between cannabis and psychosis outcomes, with frequent use more strongly
associated with psychotic experiences and disorders than less frequent use [11]. Some
studies have found that early onset cannabis use (e.g., before age 16) is more strongly
associated with subclinical positive and negative symptoms and subsequent psychotic
disorders than later onset use [12,14].
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It is noteworthy that nearly all of the community research on adolescent cannabis use and PS
symptoms has been conducted outside of the US. In other parts of the world the type of
cannabis used (e.g., hash, skunk) and its cannabinoid concentrations may vary from the
types used in the US [15], making generalizations to US samples challenging. To the best of
our knowledge, associations between cannabis use and PS symptoms have only been
examined in one other large cohort of non-help-seeking US adolescents [16,17]. In this
sample of male adolescents, cannabis use did not predict the subsequent development of a
psychotic disorder [17]; however, sustained cannabis use across adolescence predicted an
increased risk of subclinical positive psychotic symptoms [16]. Additional research with
non-clinical samples of US youth is warranted to address the limitations of prior work and
expand upon these initial findings.

Polysubstance Use and Psychosis
Author Manuscript

Many cannabis users also use other substances [18]. A recent review reported that up to 29%
of adolescents who use cannabis also use other drugs [19]. This raises the possibility that
associations between cannabis and PS symptoms could be due to the confounding effects of
other substances or the combined effects of polysubstance use. Controlling for other
substance use has been found to attenuate the associations between cannabis use and
psychotic-like experiences and, in some cases, reduce the associations to non-significance
[20,21]. Moreover, the few studies examining polysubstance use have reported that cannabis
use combined with other substance use is more strongly associated with psychotic-like
experiences than cannabis use alone [20,21]. Thus, it is important to account for
polysubstance use when examining the associations between cannabis use and PS
symptoms.
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The Present Study
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We utilized data from the Philadelphia Neurodevelopmental Cohort (PNC) to examine how
cannabis use and polysubstance use relate to PS symptoms in a large, non-help-seeking
sample of US youth. Our previous broad analysis of predictors of PS classification in the
PNC suggested that lifetime “ever use” of cannabis was not predictive of psychosis risk [5].
Here, we more comprehensively evaluate the associations between cannabis use and PS
symptoms. Based on previous work [11,12,20,21] we hypothesized that frequent cannabis
use, early cannabis use, and polysubstance use would be associated with increased odds of
being classified as PS and with greater subclinical positive and negative/disorganized
symptoms. Given the previously reported null findings from another US cohort [17], we did
not make specific predictions about the links between cannabis use and threshold delusions/
hallucinations.
This study adds to the literature in a number of ways. As noted above, there has been
minimal investigation into the links between cannabis use and PS symptoms in non-helpseeking US youth. The previous smaller scale US cohort study [16,17] only included male
adolescents, did not examine the effects of polysubstance use on PS symptoms, did not
examine subclinical negative/disorganized symptoms, and did not control for trauma
exposure. We address these limitations in the present study. Recent research has underscored
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the importance of investigating risk indicators associated with a wide range of symptoms in
the psychosis continuum as young people develop [6]. Thus, our inclusion of a broad
spectrum of psychosis-relevant symptoms-from subclinical symptoms to threshold
delusions/hallucinations — is a notable strength. In addition, extensive, structured, in-person
assessments in the PNC enabled us to model many variables that could confound the relation
between cannabis use and PS symptoms, including: demographics, intellectual function,
comorbid psychopathology, use of other substances, trauma exposure, and family history of
substance abuse [5,10,20].

Methods
Participants
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The PNC includes 9,498 youths between the ages of 8 and 21 from the Philadelphia area.
Importantly, the PNC is a community-based sample that was not selected or oversampled for
psychiatric or substance-related problems. The study design and procedures have been
described in detail elsewhere [22]. The present study included 4,208 youths aged 14–21
(mean age=16.90, SD=1.85; 55% female). Participants younger than 14 were not included
here due to low endorsement of cannabis use. The sample was racially diverse: 57% White,
33% African American, 9% mixed race, and 1% Asian/Alaska Native/Pacific Islander.
Procedures
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Participants over 18 provided written consent. Parental permission and written assent were
obtained for participants under 18. Participants were assessed in private spaces separate from
their parents/guardians and informed that their responses would be kept confidential with the
exception of legal reporting requirements related to child abuse or self/other harm. The
Institutional Review Boards at the University of Pennsylvania and Children’s Hospital of
Philadelphia approved study procedures.
Measures
Cannabis use—Cannabis use was assessed with an abbreviated and locally computerized
version of the Minnesota Center for Twin and Family Research self-report substance use
measure [23]. Participants reported on lifetime use, age at first use, and frequency of current
use of cannabis, alcohol, and tobacco, as well as lifetime and past year use of various other
substances (e.g., inhalants, cocaine). Five participants were missing cannabis use data and
32 participants were excluded for endorsing use of fake drugs [24], resulting in a final
analytic sample of 4,171 youths.
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We categorized participants as frequent cannabis users, occasional cannabis users, or
nonusers. Frequent users reported using cannabis “3–4 times/week” or “every day or nearly
every day” over the past year. Occasional users reported either a) using cannabis “1–2 times/
week” or less over the past year or b) lifetime cannabis use. To examine associations
between early cannabis use and PS symptoms, we categorized participants 16 years and
older (n=2,699) as early users (before age 16), later users (16 years or later), or nonusers
[12,14]. These criteria were also applied to create variables reflecting frequency of use and
age at first use of alcohol and tobacco.
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We grouped cannabis users by patterns of polysubstance use. We created variables
reflecting: a) cannabis and alcohol use (Cannabis+Alcohol), b) cannabis and tobacco use
(Cannabis+Tobacco), c) cannabis and other substance use (Cannabis+Other), and d) frequent
cannabis and frequent tobacco use (Frequent Cannabis+Tobacco). There were too few
frequent alcohol users to create a frequent cannabis and frequent alcohol use group.
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Psychopathology—Major psychopathology domains were screened using GOASSESS, a
computerized, structured interview adapted from the K-SADS [see 22]. This interview
assesses lifetime prevalence, symptom frequency/duration, and distress/impairment across
multiple domains of psychopathology, and treatment history. As in prior reports, we created
summary variables reflecting endorsement of significant symptoms of any mood, anxiety, or
behavioral disorder. Symptoms were considered “significant” if they approximated DSM-IV
criteria for frequency/duration and were accompanied by significant distress/impairment
(i.e., a rating of ≥ 5 on separate 11-point scales from 0=“no bother/problems” to
10=“extremely serious bother/problems”).
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Psychosis spectrum—Three screening tools, embedded within the GOASSESS
interview, were used to determine PS classification [see 5, for details]. Past year subclinical
positive symptoms were assessed with the assessor-administered 12-item Prime ScreenRevised [25,26], which asks participants to rate agreement (from 0=definitely disagree to
6=definitely agree) with statements describing psychotic-like thoughts and experiences.
Clinical threshold levels of positive symptoms (i.e., lifetime delusions or hallucinations)
were assessed with the K-SADS psychosis screen questions. Subclinical negative/
disorganized symptoms were assessed with six items from the Scale of Prodromal
Symptoms [27], as previously detailed [5]. Given age effects on ratings of subclinical
positive and negative/disorganized symptoms, two age-deviant indices were created to
identify youth with extreme ratings on positive and/or negative/disorganized symptoms
compared to age-mates [5].
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Participants were categorized as PS if they met any of the following criteria: a) age-deviant
scores of z ≥ 2 on subclinical positive or negative/disorganized symptoms, b) extreme
agreement on subclinical positive symptoms using traditional criteria (at least one PRIME
Screen-Revised item rated 6 “definitely agree” or at least three items rated 5 “somewhat
agree” [26], or c) threshold delusions or hallucinations occurring outside the context of
physical illness or substance use that persisted for at least one day and were accompanied by
significant impairment or distress (a rating of at least 5 on 0–10 scales). PS classification in
the PNC has been shown to be a valid and clinically significant indicator of psychosis risk
that is associated with comorbid psychopathology, reduced global functioning,
neurocognitive deficits, and structural brain abnormalities consistent with those seen in
adults with psychosis [5,28,29].
Trauma exposure—Eight items from the PTSD section of the GOASSESS interview
were used to create an indicator of trauma exposure. Given evidence that adverse
experiences characterized by hostility, threat, and intent to harm may be particularly strong
risk factors for psychosis [30], we created a three-level variable reflecting assaultive trauma
exposure, non-assaultive trauma exposure, and no trauma exposure.
J Adolesc Health. Author manuscript; available in PMC 2018 June 01.
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Intellectual function—The Reading subtest of the Wide Range Achievement Test-4
(WRAT-4) [31] was used as an IQ estimate.
Family history of substance abuse—Family history of substance abuse was coded
from adult proband or collateral informant responses to an abbreviated version of the Family
Interview for Genetic Studies [32], which screened for lifetime history of substance use
problems and treatment in first-degree relatives of the proband.

Results
Analysis Overview

Author Manuscript

We performed preliminary analyses to calculate descriptive statistics and compare the PS
and non-PS youth on the predictors and potential confounds. For the principal analyses, we
used logistic regression to examine how cannabis use and polysubstance use related to PS
classification. For follow-up symptom-level analyses, we used logistic regression to examine
how cannabis use and polysubstance use related to each of the symptom criteria for
determining PS classification described in the Methods section.
Preliminary Analyses
Descriptive statistics are presented in Tables 1 and 2. Notably, PS youth differed from nonPS youth on many of the covariates included in the analyses.
Principal Analyses
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Cannabis Use, Polysubstance Use, and PS Classification—Although several
significant associations emerged in the unadjusted analyses, cannabis use by itself was not
associated with increased odds of PS classification after adjusting for confounds. However,
Cannabis+Tobacco, Frequent Cannabis+Tobacco, and Cannabis+Other were each associated
with increased odds of PS classification (Table 3).
Follow-up Symptom-Level Analyses
Subclinical symptoms—Cannabis use alone was not associated with subclinical positive
symptoms (Table 4). However, Cannabis+Other was associated with age-deviant scores and
extreme agreement on the positive symptom scale. In addition, frequent cannabis users were
more likely to have high age-deviant scores on the subclinical negative/disorganized
symptom scale relative to nonusers. Correcting for multiple comparisons reduced all
significant symptom-level findings to trends.
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Threshold delusions/hallucinations—Neither cannabis use nor polysubstance use was
associated with threshold delusions/hallucinations.

Discussion
Despite increasing rates of cannabis use among US youth [1,2] and widespread interest
among researchers and clinicians in the potential connections between cannabis use and
psychotic symptoms and disorders [10], almost no research has examined how cannabis use
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relates to PS symptoms in non-help-seeking US youth. We utilized data from a large sample
of adolescents and young adults in the PNC to address this gap in the literature.
Cannabis Use, Polysubstance Use, and the Psychosis Spectrum
In contrast to recent findings in another US cohort [16], we found little evidence for
associations between cannabis use by itself and PS symptoms. In adjusted analyses, neither
frequent nor early cannabis use predicted increased odds of PS classification. It is possible
that these null findings are due to our inclusion of various important confounds (e.g.,
concurrent use of other substances, comorbid psychopathology, trauma exposure, IQ) that
could account for the previously reported associations between cannabis use and PS
symptoms. Alternatively, it is possible that persistent cannabis use across adolescence, rather
than frequency of use at any single point in time, is more predictive of PS symptoms. This
possibility is supported by the findings of Bechtold and colleagues [16].
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Given the relatively young age of our sample, the null findings related to early cannabis use
may suggest that the effects of early use on PS symptoms emerge later in development. PNC
participants are still in the developmental period during which early signs of psychosis risk
typically emerge. As such, participants who did not currently endorse PS symptoms may
subsequently develop these symptoms, and links with cannabis use may then emerge.
Alternatively, it may be that cumulative use over time, rather than early use, is associated
with PS symptoms [10,16], and that cumulative use effects may not appear until after
adolescence. We also note that we limited our examination of the effects of early cannabis
use to participants aged 16 and older, which reduced our sample size and potentially
decreased our statistical power to detect small effects.
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In follow-up analyses, we found that frequent cannabis use was associated with greater
subclinical negative/disorganized symptoms. Although this result was reduced to a trend
after correcting for multiple comparisons, it is noteworthy given the limited examination of
negative/disorganized symptoms in this literature and consistency with previous findings. In
a prior study of non-US community youth, frequent cannabis use was associated with more
severe subclinical negative symptoms [12]. In addition, THC administration has been found
to induce transient, schizophrenia-like negative (as well as positive) symptoms in healthy
individuals [33]. Despite these previous findings, reverse causation is a possibility. Perhaps
young people experiencing negative symptoms such as social anhedonia or diminished
experience and expression of emotion use cannabis to alleviate these symptoms. Although
previous studies have cast doubt on the reverse causality hypothesis [16,34], these studies
focused only on subclinical positive symptoms. Future examination of the reverse causality
hypothesis with subclinical negative/disorganized symptoms is warranted.
More compelling evidence emerged for associations between polysubstance use among
cannabis users and PS symptoms. Yet, it is important to note that these effects were modest
in size. Cannabis use combined with tobacco or other substance use was associated with
increased odds of PS classification. In addition, the follow-up symptom-level analyses
indicated that polysubstance use was associated with subclinical positive symptoms
(although these symptom-level findings were reduced to trends after correcting for multiple
comparisons). These findings are consistent with evidence indicating that use of tobacco and
J Adolesc Health. Author manuscript; available in PMC 2018 June 01.
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other illicit substances (e.g., amphetamines) is associated with psychosis risk [35,36]. It is
possible that using other substances in conjunction with cannabis heightens the psychoactive
effects of cannabis, resulting in greater endorsement of odd/unusual thinking or perceptual
abnormalities. For example, the common practice of including tobacco in cannabis
preparations substantially increases the amount of THC inhaled per gram of cannabis [37],
which may increase its potency and resultant psychosis risk [38]. Further, previous work
[21] found that users of both cannabis and other illicit drugs reported more positive
symptoms than non-cannabis users and than users of both cannabis and legal drugs.
Threshold Delusions and Hallucinations
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Neither cannabis use nor polysubstance use was associated with threshold delusions/
hallucinations. Prior cohort studies [10] reporting links between cannabis use and threshold
psychosis symptoms included adult participants rather than adolescents and young adults,
making our findings difficult to compare. We also adjusted for potential confounds that have
not always been considered. Associations between cannabis use and threshold symptoms
may not emerge in predominantly adolescent samples in which symptoms may still be
developing.
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Although speculative, another possibility is that individuals who show early development of
threshold delusions and hallucinations represent a sub-group that is distinct from those who
develop these symptoms later, and such symptoms may be driven by biological or
environmental factors independent of cannabis or other substance use. Finally, although we
supplemented the K-SADS psychosis section with structured questions, it is possible that
this highly structured screen yielded more false positives, or conversely more false
negatives, than would a comprehensive clinical interview. This, in turn, may have weakened
the relationship between cannabis use and threshold symptoms. Ongoing longitudinal
follow-up of youths with PS symptoms from the PNC will assist in differentiating among
these possibilities.
Interpretation Considerations
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The nature of the association between cannabis use and PS symptoms is likely complex and
is still a source of considerable debate [39]. Although our findings suggest an association
between polysubstance use among cannabis users and psychosis risk in US youth, the crosssectional design of this study precludes a causal interpretation. Even if polysubstance use
among cannabis users has a causal effect on psychosis risk, it is likely one of many
contributing causes that interacts with other biological and environmental risk factors.
Alternatively, the relation between substance use and PS symptoms may reflect shared
genetic and/or environmental vulnerabilities rather than a causal effect [39]. Ongoing
follow-up of the PNC sample will enable us to examine longitudinal associations among
cannabis use, polysubstance use, and PS symptoms in US youth and draw firmer
conclusions about causation.
Limitations and Future Directions
First, given the scale and timeframe of the PNC study, measures had to be designed to allow
assessment of as many as 165 participants per week over a two-year period. Thus, the
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substance use and PS assessments were, by necessity, relatively brief. Nonetheless, the PNC
PS assessment has proven to be a clinically significant indicator of psychosis risk and has
yielded findings consistent with those observed in the broader schizophrenia/psychosis
literature [5,28,29]. In addition, the substance use measure used in the PNC has been shown
to be a reliable and valid measure of substance use in previous large-scale adolescent studies
[23,24]. Furthermore, like many studies in this area, cannabis use was measured via selfreport, which can be susceptible to reporting biases. Future studies could utilize objective
measures of cannabis use (e.g., hair samples) to confirm use and examine more specific
questions about the effects of THC and other cannabinoid levels on PS symptoms.
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Second, some PS symptoms show similarities to symptoms of acute intoxication (e.g.,
perceptual changes), and we did not directly account for potential intoxication effects in this
study. However, we assessed a broad range of PS symptoms, many of which are unlikely to
be due to intoxication. In addition, a meta-analysis of this literature concluded that the link
between cannabis use and PS symptoms is unlikely to be due to transient intoxication effects
[11]. Nonetheless, future work should include follow-up probes to confirm that endorsed PS
symptoms were experienced outside of an intoxicated state, and we have included this in our
ongoing prospective investigations of the cohort.
Third, although we accounted for many confounds in our analyses, some potentially
important confounds were not measured in this study (e.g., urbanicity; 40), but should be
considered in future work.
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Fourth, the PNC is a young cohort still in the developmental period during which early signs
of psychosis risk typically emerge and cannabis use begins, so ongoing follow-up will be
critical for understanding the neurodevelopmental evolution of relations between cannabis
use and psychosis risk.
Conclusions
Overall, we found minimal evidence for associations between cannabis use by itself and PS
symptoms after adjusting for important confounds. More compelling evidence emerged for
associations between polysubstance use among cannabis users and PS symptoms. This study
highlights the importance of considering polysubstance use and confounding when
examining associations between cannabis use and PS symptoms. Ongoing prospective
evaluations will seek to enhance our understanding of the role that cannabis use and
polysubstance use may play in the development of psychosis risk.
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Table 1

Author Manuscript

Descriptive Statistics of Psychosis Spectrum and Predictor Variables in the Total Sample, PS Youth, and NonPS Youth
Variable

(%)
Total
Sample

(%)
PS
Youth

(%)
Non-PS
Youth

Psychosis Spectrum Classification

19%

100%

0%

Positive: Age Deviant z ≥ 2

6%

34%

0%

Positive: Extreme Agreementa

12%

64%

0%

Negative/Disorganized: Age Deviant z ≥ 2

5%

26%

0%

Threshold Delusions/Hallucinations

5%

25%

0%

23%

24%

22%

Frequent

5%

11%

4%

Early Userb

17%

26%

15%

Later User

20%

20%

20%

Cannabis+Alcohol

16%

19%

15%

Cannabis+Tobacco

12%

17%

11%

Cannabis+Other

5%

9%

4%

Frequent Cannabis+ Tobacco

3%

6%

2%

Psychosis Spectrum

Cannabis User

Author Manuscript

Occasional

Polysubstance Userc

Notes.

a

Rated one 6 or three 5s on the PRIME Screen-Revised.

Author Manuscript

b

Use before age 16 among participants ≥ 16 years old.

c

Use of both substances in the past year. Bold indicates significant difference between PS and non-PS youth (p < .05).

Author Manuscript
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Table 2

Author Manuscript

Descriptive Statistics of Potential Confounds in the Total Sample, PS Youth, and Non-PS Youth
Variable

(%)
Total
Sample

(%)
PS
Youth

(%)
Non-PS
Youth

41%

42%

41%

Alcohol User
Occasional
Frequent

1%

2%

1%

Early User

25%

30%

24%

Later User

28%

23%

29%

20%

21%

20%

Frequent

7%

12%

6%

Early User

17%

24%

15%

Later User

18%

18%

18%

Lifetime Other Substance

17%

23%

16%

Past Year Other Substance

14%

19%

13%

Mood Disorder

20%

41%

15%

Anxiety Disorder

52%

70%

48%

Behavior Disorder

40%

68%

33%

Assaultive Trauma

15%

28%

12%

Non-Assaultive Trauma

Tobacco User
Occasional

Author Manuscript

Other Substance User

Significant Other Psychopathology

Author Manuscript

Other Potential Confounds
Trauma Exposure

38%

44%

36%

Family History of Substance Abuse

21%

30%

20%

Racial Minority Status

43%

61%

39%

Female Sex

55%

53%

56%

Mean (SD)

Mean (SD)

Mean (SD)

Age

16.90 (1.85)

16.82 (1.87)

16.92 (1.84)

Maternal Education

14.39 (2.40)

13.79 (2.28)

14.52 (2.40)

Author Manuscript

WRAT-4 Reading Score

101.83

97.05

103.00

(standardized)

(17.08)

(17.16)

(16.84)

Bold indicates significant difference between PS and non-PS youth (p < .05).
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Table 3

Author Manuscript

Logistic Regression Analyses of Cannabis Use, Polysubstance Use, and Psychosis Spectrum Classification
Psychosis Spectrum
Classification
Odds Ratio
(95% CI)
Predictor

Unadjusted

Adjusted

Occasional

1.23*
(1.02, 1.49)

1.01
(.75, 1.34)

Frequent

2.78*
(2.09, 3.72)

1.51
(.97, 2.36)

Early User

2.07*
(1.62, 2.64)

1.28
(.78, 2.11)

Later User

Frequency Groupa
(nonuser = ref)

Author Manuscript

Early Cannabisb
(nonuser = ref)

1.19 (.92, 1.54)

1.14 (.73, 1.79)

Cannabis+Alcoholc

1.36*
(1.11, 1.66)

.95
(.71, 1.27)

Cannabis+Tobaccod

1.67*
(1.35, 2.07)

1.37*
(1.02, 1.83)

Cannabis+Othere

2.25*
(1.66, 3.06)

1.76*
(1.18, 2.64)

Frequent
Cannabis+Tobaccof

2.99*
(2.06, 4.32)

1.73*
(1.10, 2.70)

Notes.

Author Manuscript

*

p < .05. All models adjusted for age, sex, racial minority status, maternal education, WRAT-4 reading subtest score, family history of substance
use problems, significant symptoms of mood, anxiety, and behavioral disorders, and trauma exposure.
a

Additional adjustment for: alcohol frequency group, tobacco frequency group, and past year other substance use.

b

Additional adjustment for: early alcohol use, early tobacco use, past year cannabis use, and lifetime other substance use.

c

Additional adjustment for: past year tobacco and other substance use.

d

Additional adjustment for: past year alcohol and other substance use.

e

Additional adjustment for: past year alcohol and tobacco use.

f
Additional adjustment for: frequent alcohol use and past year other substance use.

Author Manuscript
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Author Manuscript

Author Manuscript

Author Manuscript
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1.03
(.55, 1.90)

2.27*
(1.32, 3.91)

Frequent
Cannabis+Tobaccof

2.44*
(1.60, 3.72)

2.27*
(1.60, 3.20)

1.52*
(1.18, 1.97)

1.32*
(1.04, 1.68)

1.20
(.88, 1.64)

1.98*
(1.48, 2.65)

2.37*
(1.70, 3.31)

1.24
(.99, 1.55)

Unadjusted

1.26
(.76, 2.09)

1.95*
(1.24, 3.08)

1.27
(.91, 1.79)

1.00
(.71, 1.39)

1.01
(.59, 1.71)

1.07
(.59, 1.93)

1.25
(.75, 2.09)

1.09
(.78, 1.52)

Adjusted

3.58*
(2.12, 6.03)

2.18*
(1.33, 3.57)

2.10*
(1.48, 2.98)

1.74*
(1.24, 2.43)

1.45
(.91, 2.31)

2.91*
(1.94, 4.36)

4.01*
(2.63, 6.12)

1.54*
(1.11, 2.15)

Unadjusted

1.53
(.83, 2.82)

1.09
(.58, 2.06)

1.30
(.83, 2.05)

1.05
(.67, 1.65)

1.57
(.76, 3.22)

1.63
(.75, 3.54)

2.14*
(1.11, 4.14)

1.20
(.74, 1.96)

Adjusted

Odds Ratio
(95% CI)

Subclinical Negative
(z ≥ 2)

1.39
(.67, 2.89)

2.08*
(1.26, 3.46)

1.30
(.87, 1.93)

1.25
(.87, 1.81)

1.00
(.63, 1.60)

1.24
(.78, 1.97)

1.52
(.87, 2.63)

1.13
(.80, 1.58)

Unadjusted

.78
(.32, 1.89)

1.39
(.70, 2.76)

1.09
(.66, 1.81)

1.03
(.63, 1.69)

.69
(.31, 1.55)

.54
(.22, 1.33)

.77
(.36, 1.68)

.75
(.46, 1.21)

Adjusted

Odds Ratio
(95% CI)

Threshold
Delusions/Hallucinations

Additional adjustment for: early alcohol use, early tobacco use, past year cannabis use, and lifetime other substance use.

Additional adjustment for: alcohol frequency group, tobacco frequency group, and past year other substance use.

b

a

All models adjusted for sex, racial minority status, maternal education, WRAT-4 reading subtest score, family history of substance use problems, significant symptoms of mood, anxiety, and behavioral
disorders, and trauma exposure. Subclinical positive symptoms (extreme ratings) and threshold delusions/hallucinations were adjusted for age.

p < .05. z≥ 2 = Age deviant Z-scores. extreme agreement = rated one 6 or three 5s on the PRIME-Screen Revised.

*

Notes.

2.24*
(1.30, 3.88)

2.58*
(1.69, 3.93)

Cannabis+Othere

1.16
(.76, 1.78)

1.66*
(1.20, 2.31)

Cannabis+Tobaccod

.95
(.63, 1.45)

.67
(.33, 1.38)

1.42*
(1.04, 1.94)

.97
(.63, 1.49)

Later User

Cannabis+Alcoholc

1.84*
(1.27, 2.67)

Early User

.77
(.35, 1.67)

1.16
(.63, 2.16)

2.85*
(1.91, 4.26)

Frequent

Early Cannabis Useb
(nonuser = ref)

.80
(.52, 1.23)

Adjusted

1.10
(.81, 1.50)

Unadjusted

Odds Ratio
(95% CI)

Odds Ratio
(95% CI)

Occasional

Frequency Groupa
(nonuser = ref)

Predictor

Subclinical Positive
(extreme agreement)

Subclinical Positive
(z ≥ 2)

Logistic Regression Analyses of Cannabis Use, Polysubstance Use, and Psychosis Spectrum Classification Symptom Criteria

Author Manuscript
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Author Manuscript
Additional adjustment for: frequent alcohol use and past year other substance use.

f

Additional adjustment for: past year alcohol and tobacco use.

e

Additional adjustment for: past year alcohol and other substance use.

d

Additional adjustment for: past year tobacco and other substance use.

Author Manuscript

c
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