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Abstract

Some evidence suggests that youth who use marijuana heavily during adolescence may be
particularly prone to health problems in later adulthood (e.g., respiratory illnesses, psychotic
symptoms). However, relatively few longitudinal studies have prospectively examined the long-
term physical and mental health consequences associated with chronic adolescent marijuana use.
The present study used data from a longitudinal sample of Black and White young men to
determine whether different developmental patterns of marijuana use, assessed annually from
early adolescence to the mid-20s, were associated with adverse physical (e.g., asthma, high blood
pressure) and mental (e.g., psychosis, anxiety disorders) health outcomes in the mid-30s. Analyses
also examined whether chronic marijuana use was more strongly associated with later health
problems in Black men relative to White men. Findings from latent class growth curve analysis
identified four distinct subgroups of marijuana users: early-onset chronic users, late increasing
users, adolescence-limited users, and low/nonusers. Results indicated that the four marijuana use
trajectory groups were not significantly different in terms of their physical and mental health
problems assessed in the mid-30s. The associations between marijuana group membership and
later health problems did not vary significantly by race. Findings are discussed within the context
of a larger body of work investigating the potential long-term health consequences of early-onset
chronic marijuana use, as well as the complications inherent in studying the possible link between
marijuana use and health effects.
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Marijuana is the most widely used illicit drug in the United States, and ongoing political
debates about legalization have caused a surge in interest regarding the potential health
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effects of chronic use. Although many large-scale cross-sectional studies have investigated
the potential negative health effects of heavy marijuana use, relatively few longitudinal
studies have prospectively examined the long-term physical (e.g., cancer, respiratory
problems) and mental (e.g., psychosis, depression) health consequences of early-onset
chronic use (for a summary, see Volkow, Baler, Compton, & Weiss, 2014). Furthermore,
many of the existing studies have produced inconsistent findings, particularly when
examining marijuana use as a risk factor for cancer, cardiac illnesses, metabolic diseases,
and internalizing disorders. In an effort to provide empirical evidence regarding the potential
adverse consequences of marijuana legalization, the present study used longitudinal data to
prospectively examine whether young men who chronically used marijuana during
adolescence and young adulthood experienced a heightened risk of developing physical and
mental health problems in their mid-30s.

Potential Health Consequences of Marijuana Use

Cancer

Studies examining the adverse health outcomes associated with marijuana use have focused
primarily on respiratory, cardiac, and metabolic problems, as well as mental health problems
such as depression, anxiety, and psychosis.

Given that marijuana is typically smoked, and decades of strong research show that tobacco
cigarette smoking is a leading cause of lung cancer (Hecht, 1999), a natural question is
whether marijuana is carcinogenic (Bowles, O'Bryant, Camidge, & Jimeno, 2012; Tashkin,
2013). Marijuana and tobacco cigarettes share many of the same toxic chemicals (Tashkin,
2013) and the British Lung Foundation recently announced that the smoke produced by a
marijuana cigarette may contain 50% more carcinogens than the smoke produced by a
tobacco cigarette (British Lung Foundation, 2012). There is some support for a possible
association between heavy (e.g., daily or near daily) and/or chronic (e.g., long-term)
marijuana use and respiratory cancers, although there is little (if any) evidence indicating
that light or moderate marijuana use causes cancer (see Tashkin, 2013). Some cross-
sectional (Aldington et al., 2008; Berthiller et al., 2008) and longitudinal (Callaghan et al.,
2013) studies have found that heavy marijuana users are more likely to develop lung, upper
airway, or oral cancer than non-users, whereas other cross-sectional (Hashibe, Morgenstern,
Cui, Tashkin, Zhang, Cozen, Mack, & Greenland, 2006; Rosenblatt, Darling, Chen,
Sherman, & Schwartz, 2004) and longitudinal (Sidney, Quesenberry, Friedman, & Tekawa,
1997) studies have failed to replicate these findings. A complication associated with these
studies is that heavy marijuana users also tend to smoke tobacco cigarettes regularly, and
without prospective data it is difficult to accurately delineate the potential independent
influence that marijuana has on lung cancer risk. Thus, it would be premature to draw any
definitive conclusions about the risk (or lack thereof) of developing cancer from marijuana
use (Hashibe, Straif, Tashkin, Morgenstern, Greenland, & Zhang, 2005).

1AIthough this work is outside the scope of the present paper, researchers have also extensively investigated the associations between
marijuana use and cognitive deficits, particularly the effect of heavy marijuana use in early adolescence (for a reviews, see: Lisdahl &
Tapert, 2012; Volkow et al., 2014).
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Respiratory system, cardiac, and metabolic health

In addition to possible carcinogenic effects, there are also heightened concerns about
whether marijuana is related to respiratory, cardiac, and metabolic problems. In general,
research with regard to marijuana use and respiratory health has been more consistent than
research on marijuana use and cardiac or metabolic illnesses.

Respiratory Problems—A recent review suggests that marijuana smokers tend to
experience a greater number of respiratory problems than nonsmokers (e.g., chronic
bronchitis, wheezing, cough), although there is no evidence that marijuana use is related to
airflow obstruction or emphysema (Tashkin, 2013). For example, one longitudinal study
found that frequent marijuana use across adolescence and young adulthood was associated
with an increased risk of experiencing respiratory problems (e.g., sore throat, shortness of
breath) at age 27, even after controlling for age, gender, childhood aggression, adolescent
major depressive disorder, parental education level and income, and maternal marijuana use
(Brook, Stimmel, Zhang, & Brook, 2008). However, this study did not control for co-
occurring tobacco use or the presence of respiratory problems (e.g., asthma) prior to the
onset of regular marijuana use. In a cross-sectional study, researchers found that current
marijuana users were more likely to report having chronic bronchitis, cough, phlegm
production, wheezing, and abnormal breath sounds (without a cold) than non-using controls,
and this effect remained after accounting for the effects of gender, age, current asthma, and
tobacco cigarettes used per day (Moore, Augustson, Moser, & Budney, 2005).

Cardiac and metabolic problems—Tetrahydrocannabinol, the principal psychoactive
component of marijuana, is known to cause substantial increases in heart rate and moderate
increases in blood pressure during intoxication (Sidney, 2002); however, studies examining
the long-term (i.e., post-intoxication) effects that marijuana use may have on cardiac and
metabolic illnesses have produced inconsistent findings. One cross-sectional study found a
dose-dependent relationship between the frequency of marijuana use (use in the past 30
days) and several cardiometabolic risk factors (e.g., elevated fasting glucose and insulin,
triglycerides, systolic and diastolic blood pressure; Vidot, Arheart, Prado, Hlaing,
Acheampong, & Messiah, 2015). In addition, a case-crossover study of patients who
suffered from a myocardial infarction found evidence that marijuana use may have triggered
the attack in a small number of patients (Mittleman, Lewis, Maclure, Sherwood, & Muller,
2001), potentially because of the acute effect that marijuana use has on heart rate. However,
one longitudinal study found no evidence that adolescents and adults (ages 15-49) who
frequently used marijuana were at increased risk for experiencing an adverse cardiovascular
event (e.g., heart attack, stroke) or developing coronary heart disease across a 10-year
follow-up (Sidney, 2002). Moreover, one large-scale cross-sectional study (N = 39,695) of
adults found that past and current marijuana users were actually less likely than nonusers to
be diagnosed with diabetes, a well-established risk factor for cardiovascular disease
(Rajavashisth et al., 2012).

Mental health

A large body of research has examined the association between marijuana use and various
mental health problems. Research in this area has produced fairly consistent evidence
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linking marijuana use with psychotic symptoms, and more mixed findings linking marijuana
use with anxiety and depression.

Psychosis—Several studies have found that frequent adolescent marijuana use is
associated with an increased risk for developing psychotic symptoms, particularly early-
onset psychosis (e.g., Casadio, Fernandes, Murray, & Di Forti, 2011; Moore et al., 2007;
Semple, Mcintosh, & Lawrie, 2005; Wilkinson, Radhakrishnan, & D'Souza, 2014). For
example, a meta-analysis found that psychotic patients who used marijuana experienced an
earlier onset of symptoms than psychotic patients who never used marijuana (Large,
Sharma, Compton, Slade, & Nielssen, 2011). Furthermore, there is some evidence that
regular marijuana use in early and middle adolescence might be a particularly salient risk
factor for the development of psychotic disorders (Casadio et al., 2011; Decoster et al.,
2012; Hall & Degenhardt, 2000; Semple et al., 2005; Moore et al., 2007; Wilkinson et al.,
2014), potentially because it disrupts the maturation of key brain structures in the pre-frontal
cortex during this developmental period (Casey, Tottenham, Liston, & Durston, 2005;
Giedd, 2004; Giedd, 2008; Paus, 2009; Spear, 2010). However, other evidence suggests that
chronic or cumulative marijuana exposure may be more robustly related to psychotic illness
than an early age of initiation (Stefanis et al., 2013). There is also evidence of a bidirectional
association between prodromal psychotic symptoms (e.g., paranoia) and marijuana use
during adolescence (Griffith-Lendering et al., 2013), emphasizing the importance of using
longitudinal data to examine the potential influence chronic marijuana use has on the
development of psychotic disorders.

Depression and anxiety—Recent reviews suggest that regular marijuana use during
adolescence may be associated with an increased risk for developing depressive symptoms,
although the evidence remains somewhat mixed (for a review, see Degenhardt, Hall, &
Lynskey, 2003; Moore et al., 2007). For example, several longitudinal studies found a
significant relation between early marijuana use and subsequent problems with depression,
even after controlling for potential confounding variables (Arseneault et al., 2002;
Fergusson, Horwood, & Swain-Campbell, 2002; Bovosso, 2001; Brook, Brook, Zhang, &
Whiteman, 2002; Patton, Coffey, Carlin, Degenhardt, Lynskey, & Hall, 2002). However,
others have found no relation (Windle & Wiesner, 2004) or that the relation between
marijuana and depression may be largely due to selection effects and common causal risk
factors (Fergusson & Horwood, 1997; Manrique-Garcia, Zammit, Dalman, Hemmingsson,
& Allebeck, 2012). For example, at least two longitudinal studies found that adolescent
marijuana use was no longer significantly associated with an increased risk for later
depression after controlling for several other risk factors, such as 1Q, other substance use,
family disadvantage, early life stressors, and deviant peers (Fergusson & Horwood, 1997;
Manrique-Garcia et al., 2012). Contradictory findings have also been reported; one cross-
sectional study found that individuals who used marijuana approximately once per week
reported less depressed mood, more positive affect, and fewer somatic complaints than
nonusers (Denson & Earleywine, 2006).

In contrast to studies on depression, very few longitudinal studies have found a significant
relation between early marijuana use and the subsequent development of anxiety disorders
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(for a review, see Moore et al., 2007; Crippa et al., 2009). For example, one longitudinal
study that used biannual assessments of marijuana use between ages 15 and 17 found no
evidence that chronic use was related to a lifetime diagnosis of anxiety disorders during the
early-to-mid-20s (Windle & Wiesner, 2004). The effects of marijuana use on anxiety
symptoms may be more acute and isolated in nature, as high doses can cause brief episodes
of panic and anxiety attacks in some individuals (Crippa et al., 2009). For others,
particularly long-term marijuana users, relaxation and stress relief is often cited as a primary
reason for use (Crippa et al., 2009). However, longitudinal studies often combine depressive
and anxiety disorders when investigating mental health outcomes associated with marijuana
use (e.g., McGee, Williams, Poulton, Moffitt, 2000), making it difficult to identify the
unique relation between marijuana and anxiety symptoms.

Limitations in prior research

In summary, prior research has produced mixed findings regarding the associations between
chronic marijuana use and indicators of physical and mental health. If there is any trend, it is
that individuals who begin using marijuana frequently during early adolescence, and those
who use at high frequencies throughout adolescence and young adulthood, tend to develop
more health problems (i.e., psychotic symptoms, respiratory problems) than infrequent/non-
users. However, many of the previously cited studies have suffered from several limitations.
First, only a handful of studies have been able to prospectively delineate subgroups of
individuals with varying developmental patterns of marijuana use from adolescence into
young adulthood. This is particularly important given that the onset, frequency, and duration
of marijuana use are posited to be influential in determining whether, and the extent to
which, marijuana has a negative effect on health. Second, few longitudinal studies have
examined whether young men who exhibit early and chronic developmental patterns of
marijuana use are more likely to exhibit both physical and mental health problems in their
mid-30s. Third, many studies have failed to control for important confounding factors, such
as health problems that pre-dated the onset of regular marijuana use and co-occurring use of
tobacco, alcohol, and hard drugs. Finally, few studies have examined whether chronic
marijuana use differentially affects physical and psychological health outcomes across racial
groups. Given that Black men are more likely to have health problems and less likely to
have access to quality health care services than White men (e.g., Williams & Collins, 1995;
Williams & Jackson, 2005; Williams & Sternthal, 2010), it is possible that marijuana use
among Black men could overwhelm an already compromised immune system.

The Present Study

The current study overcomes these limitations by investigating whether community-residing
Black and White men who displayed different patterns of marijuana use from adolescence to
the mid-20s (from age 15 to 26) exhibited different self-reported physical (e.g., asthma, high
blood pressure) and mental (e.g., depression, psychosis) health problems in their mid-30s.
Importantly, the associations between early patterns of marijuana use and later health were
examined after controlling for several confounding factors, including socioeconomic status,
co-occurring use of other substances, physical/mental health problems that predated regular
marijuana use, and access to medical care. In addition, analyses examined whether Black
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men were more susceptible to the negative health effects of early-onset chronic marijuana
use than White men.

The present study used data from the oldest cohort of the Pittsburgh Youth Study (PYS).
The PYS is a prospective, longitudinal study designed to examine the development of
delinquency, substance use, and mental health problems among young men (Loeber,
Farrington, Stouthamer-Loeber, & White, 2008). In 1987-1988, the Pittsburgh public
schools provided the study investigators with contact information for all enrolled 7t grade
students. A random sample of 7t grade boys was selected to participate in an initial
screening assessment. Parents of approximately 85% of the boys selected for the screening
agreed to participate (N = 856). The screening assessed the boys’ conduct problems (e.g.,
fighting, stealing) with rating scales administered to the parents, teachers, and the boys
themselves. A multi-informant conduct problem score was then calculated and all boys who
scored in the upper 30% (N = 257) were chosen for follow-up. A random sample of an
approximately equal number of boys (N = 249) from the remaining end of the distribution
was also selected for the follow-up (total N selected for study = 506 boys; 41.7% White,
54.5% Black, 3.8% other). There were no differences between boys in the screening and
follow-up samples in terms of achievement test scores, parental education, and race (Loeber
et al., 2008).

At the first assessment following screening, the boys were approximately 14 years old (M =
13.9, D = 0.8, range 12-16). They were interviewed every 6 months for 2.5 years (5
assessments). After the first 5 biannual assessments, the boys were interviewed annually for
an additional 10 assessments, with the last consecutive assessment occurring when they
were approximately 26 years old (M = 26.0, SD = 0.8, range 24-28). In 2009-2010,
participants were re-interviewed when they averaged 36 years of age (M = 35.8, SD = 0.8;
range 33-39). Retention rates are described in the “missing data” section. Greater detail on
participant selection, sample characteristics, and study methodology is available elsewhere
(Loeber et al., 2008).

Legal guardians provided written consent until young men were 18 years old. The boys
provided informed written assent through age 17, after which they provided informed
written consent. The University of Pittsburgh Institutional Review Board approved all study
procedures.

Marijuana use—Marijuana was assessed with the Substance Use Questionnaire (SUQ)
(Loeber, Farrington, Stouthamer-Loeber, & Van Kammen, 1998). At the first 6 assessments
(screening + 5 biannual assessments), the young men indicated the number of days in the
past six months that they used marijuana. To be consistent with the 10 subsequent annual
assessments, these biannual assessments were combined in pairs to create three variables
that represented past year marijuana use (screening + Time 1; Time 2 + Time 3; Time 4 +
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Time 5). During the subsequent 10 annual assessments, participants reported on the number
of days in the past year they used marijuana. Because marijuana use frequency was skewed,
it was recoded and treated as an ordinal variable in all analyses: 0 = no use (0 days), 1 = less
than once per month (1-11 days; M [from age 15-26] = 4.47; SD = 3.16), 2 = at least
monthly but not weekly (12-51 days; M = 30.73; SD = 13.03), 3 = 1-3 times per week
(52-156 days; M = 99.40; SD = 31.19), and 4 = more than 3 times per week (157-365 days;
M = 311.05; SD = 66.24). Descriptive statistics for the ordinal marijuana variable by age are
available in Supplemental Table 1.

Screening and Time 1 marijuana use data were not included in the trajectory analysis
because of the low prevalence of use at either phase (9.5%, N = 48). Therefore, the first
time-point for the trajectory models was the variable that represented the summed frequency
of the biannual Time 2 and Time 3 assessments; boys were approximately 15 years old at
Time 3 (M =14.9; SD=0.8). The young men were 26 years old (M = 26.0, SD =0.8) at the
last wave included in the trajectories. As such, in the analyses that follow, marijuana use
was measured annually from age 15 to age 26.

Indicators of physical health problems—At the age 36 interview, participants
completed a Health Questionnaire (Loeber et al., 2008) that asked whether they currently
had the following health problems: asthma, allergies (e.g., hay fever), a heart problem,
kidney disease, diabetes, headaches, high blood pressure, cancer, and sexually transmitted
infections (e.g., HIV, gonorrhea, syphilis, herpes). Participants were also asked whether they
were limited in any way in carrying out normal daily activities at home/work/school because
of a medical condition or health problem. The young men also reported whether they ever
had a heart attack or stroke, and whether they had a severe physical injury in the past year
(i.e., severe burns, severe cuts, head injuries, internal injuries, and broken bones). They also
reported whether they ever had a concussion, after being provided with the following
definition: “A concussion is a blow to the head that causes problems with thinking or
memory, like getting knocked out, being confused or disoriented, or forgetting things that
happened right before or right after the blow.”

Lifetime mental health disorders—At age 36, the men were interviewed using the
Diagnostic Interview Schedule (Helzer & Robins, 1988) to assess lifetime diagnosis of
mental health disorders based on DSM-1V criteria (American Psychiatric Association,
2000). For the current study, three dichotomous variables were created to indicate whether
participants had ever met diagnostic criteria for an anxiety disorder (i.e., panic disorder,
agoraphobia, generalized anxiety disorder, social phobia, specific phobia, post-traumatic
stress disorder, obsessive compulsive disorder), mood disorder (i.e., major depressive
episode, dysthymic disorder, manic episode, hypomania, bipolar disorder), or psychotic
disorder (i.e., schizophrenia, schizophreniform disorder, schizoaffective disorder, delusional
disorder, mood disorder with psychotic features, psychosis not otherwise specified).

Control variables—Several variables collected at the age 36 assessment were included as
covariates in all analyses. Socioeconomic status (SES) was assessed using the Hollingshead
Index (Hollingshead, 1975), which is calculated based on the participants’ current
occupational status and their highest education level completed. The analyses also controlled
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for whether men had health insurance or not (binary item). Past year use of alcohol,
cigarettes, marijuana, and other hard drugs was assessed using the SUQ (Loeber et al.,
1998). Alcohol use was calculated by multiplying the number of days participants reported
using alcohol by the average number of drinks participants consumed on drinking days
(rated on a five-point ordinal scale: 0="less than 1 drink™ to 4 “6 or more drinks”). This
variable was log-transformed to reduce skewness. Cigarette smoking was represented by
dummy coded variables to indicate whether the participant was a daily smoker in the past
year, and whether the participant smoked some but not daily in the past year (the
nonsmoking group served as the reference group). Marijuana use was coded in the same way
as the marijuana frequency variables used in the trajectory analyses (i.e., ordinal variable: 0
=no use [0 days], 1 = less than once per month [1-11 days], 2 = at least monthly but not
weekly [12-51 days], 3 = 1-3 times per week [52-156 days], and 4 = more than 3 times per
week [157-365 days]). Due to the low base rate of other illicit drug use (e.g., heroin,
cocaine), a binary variable was created which indicated whether participants used any hard
drugs in the past year.

For nearly all physical and mental health problems, data collected at the first assessment
following screening (approximately age 14) were used to control for the presence of these
problems prior to regular marijuana use. Some baseline covariates were irrelevant because
only a few (if any) young boys experienced the condition by age 14 (e.g., stroke, heart
attack, arthritis). At the age 14 assessment, parents completed a Health Questionnaire that
asked if their son had problems related to asthma, allergies, and headaches. For the physical
injuries outcome, a log-transformed variable that represented the parent-reported count of
physical injuries ever experienced (same type of injuries included in the age 36 assessment)
was used as a control variable. The internalizing composite scale from the parent-reported
Child Behavior Checklist (Achenbach, 1991) was used as a control variable when examining
anxiety and depression outcomes. To examine the psychosis outcome, 6 items from the
parent-reported Child Behavior Checklist (Achenbach, 1991) were used to create a thought
problems scale that represented the prodromal positive symptoms of schizophrenia: feels
others are out to get him, hears things that are not there, sees things that are not there,
strange behavior, strange ideas, suspicious. This variable was log-transformed to reduce
skewness.

Data Analysis Plan

Latent Class Growth Analysis (LCGA) was used to identify different subgroups of
marijuana users. LCGA assumes there are latent subpopulations of individuals who display
similar developmental changes in behavior over time (Muthén, 2004). All LCGA models
were estimated using maximum likelihood estimation with robust standard errors (MLR)
and were run using Mplus 7.2 (Muthén & Muthén, 1998-2012). Preliminary growth curves
demonstrated that a quadratic term was the highest polynomial necessary to accurately
describe change in marijuana use (specified as ordinal variables) in this developmental
period. A successive number of latent classes was then specified, with the optimal number
of classes being determined by a number of recommended criteria, including the sample-
adjusted Bayesian Information Criterion, Vuong-Lo-Mendell-Rubin Likelihood Ratio Test
(LRT), Bootstrapped Likelihood Ratio Test (BLRT), classification accuracy, parsimony, and
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interpretability (Muthén, 2004; Nylund, Asparouhov, & Muthén, 2008). After the trajectory
groups were established, a 3-step procedure in Mplus that statistically adjusts for the
uncertainty in trajectory group membership was used to examine differences on the adult
health outcomes (Asparouhov & Muthén, 2013).

Missing Data

Results

Trajectory models were estimated using maximum likelihood estimation, which accounts for
missing data by estimating model parameters using all available information. The
parameters are unbiased when data are missing at random (MAR), meaning the missing data
mechanism is unrelated to the unobserved outcome after controlling for observed predictors
in the model (Allison, 2001). Even when the MAR assumption is violated, maximum
likelihood estimation is recommended over alternative methods for handling missing data,
such as listwise or pairwise deletion (Allison, 2001).

Participant retention has been high across the duration of the PYS. Fifty-four percent of
individuals provided data for all phases used to estimate the marijuana use trajectories and
80% had three or fewer missing phases. At the age 36 follow up assessment, 85% (N=408)
of the living participants were interviewed (25 participants were deceasedz). Completers and
noncompleters were similar when compared on the screening variables of high-risk status,
family SES, number of biological parents in the home, parent- and teacher-reported
internalizing and externalizing problems on the CBCL and Teacher Report Form; the
number of assessments where marijuana use was reported, and onset of marijuana use prior
to the age assessment 15.

To facilitate a direct comparison between Black and White men, the 19 men who identified
as “other” race were excluded from analyses predicting the health outcomes. In addition,
maximum likelihood estimation does not allow for missing data on model covariates (e.g.,
health problems at age 14, SES at age 36). As a result, the findings reported for the health
outcomes are based on the 386 men (Black n =212; White n = 174) who had complete data
on all study covariates. However, the primary results remained unchanged when the models
were rerun without covariates (see Supplemental Table 2).

Descriptive Statistics for Study Outcomes

Table 1 presents descriptive statistics for the health outcomes assessed at age 36 for the total
sample, and separately for Black and White men. Only health outcomes where at least 3% of
the sample experienced the condition were included in the final analytic models. The most
common health problems reported were experiencing a prior concussion (27.7%) and
current allergies (18.8%). The least common health problems reported were having a
sexually transmitted disease (0.8%) and kidney disease (0.3%).

2Marijuana trajectory groups did not differ in whether the young men died before the age 36 assessment (XZ [3] = 4.6, p=.204). Of
the 25 deceased men, the deaths were due to: gun homicide (N = 18), non-gun homicide (N = 3), accident related to delinquency (N =
1), accident unrelated to delinquency (N = 1), natural (N = 1), and unknown cause (N = 1).
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Trajectory Groups

The adjusted BIC, entropy, Vuong-Lo-Mendell-Rubin Likelihood Ratio Test, and Bootstrap
Likelihood Ratio Test corresponding to models with 2-5 latent trajectory groups are
presented in Table 2. A four-group solution was selected based on model fit statistics,
substantive interpretation, face validity of classes, parsimony, and consistency of findings
with prior research (White, Jackson, & Loeber, 2009). The specific classes were: low/
nonusers (LNU; 46.2%; average posterior probability [pp] = 0.9); adolescence-limited users
(AL; 10.7%; pp = 0.8); late increasing users (LI; 21.0%; pp = 0.8); and early-onset chronic
users (EOC; 22.0%; pp = 0.9). Black men were significantly more likely than White men to
be in the late increasing group compared to the low/nonuser group (Multinomial regression;
Odds ratio = 1.39, p =.007), with no other significant race differences among groups. To
illustrate group differences in marijuana use patterns, participants were hard-classified into
their most likely trajectory group, and a graph depicting the average number of days using
marijuana in the past year was plotted (see Figure 1).

Physical Health Outcomes

Results examining marijuana trajectory group differences on physical health outcomes after
controlling for model covariates are presented in Table 3. The trajectory groups were not
significantly different in terms of self-reported asthma, allergies, headaches, and high blood
pressure. The groups also did not differ in terms of having a current health condition that
limited their physical activities, having a serious physical injury in the past year, or having a
prior history of concussion. Black men were more likely to report having high blood
pressure than Whites. White men were more likely to report having experienced a serious
physical injury in the past year and having a past history of concussion. Results depicting
the association between the model covariates and the physical health outcomes are reported
in Supplemental Table 3.

Mental Health Outcomes

Results examining marijuana trajectory group differences on mental health outcomes after
controlling for model covariates are also presented in Table 3. There were no marijuana
trajectory group differences related to a lifetime diagnosis of anxiety disorders, mood
disorders, or psychotic disorders. There were also no significant differences between Black
and White men on the mental health outcomes. Results depicting the association between
the model covariates and the mental health outcomes are reported in Supplemental Table 3.

Race Differences and Health Outcomes

The last stage of the analysis investigated whether the associations between marijuana
trajectory group and health outcomes differed for Black and White men. There were no
significant interactions between race and marijuana trajectory group membership when
predicting the study outcomes (these data are not presented here but are available from the
first author upon request).
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Discussion

Ongoing debates about the legalization and decriminalization of medical and recreational
marijuana have precipitated a need for rigorous scientific evaluations of the potential long-
term consequences associated with chronic marijuana use. The present study used
prospective, longitudinal data that spanned over 20 years to examine whether patterns of
marijuana use from adolescence to young adulthood were related to indicators of physical
and mental health in adulthood. After controlling for potential confounding variables such as
alcohol, tobacco, and hard drug use; socioeconomic status; whether the young men had
health insurance; and early health status (prior to marijuana use), findings from this sample
indicated that chronic marijuana users were not more likely than late increasing users,
adolescence-limited users, or low/nonusers to experience several physical or mental health
problems in their mid-30s. In fact, there were no significant differences between marijuana
trajectory groups in terms of adult health outcomes, even when models were run without
controlling for potential confounds. This is particularly striking given that men in the early-
onset chronic group were using marijuana (on average) once per week by late adolescence,
and continued using marijuana approximately 3-4 times a week from age 20 to 26.

The four latent marijuana use trajectory groups identified in the current study are very
similar to those observed in prior longitudinal investigations. Specifically, prior studies have
also found that there is a relatively small subgroup of early-onset chronic users who initiate
regular use in early to mid-adolescence and continue to engage in frequent marijuana use
into early adulthood (Brook, Zhang, & Brook, 2011; Ellickson, Martino, & Collins, 2004;
Finlay, White, Mun, Cronley, & Lee, 2012). Similar to the current findings, there also tends
to be a group of adolescence-limited users who exhibit regular marijuana use beginning in
early to mid-adolescence, but experience a precipitous decrease in their use beginning in
their early to middle 20s (Brook, Zhang, et al., 2011; Finlay et al., 2012; Guo, Chung, Hill,
Hawkins, Catalano, & Abbott, 2002; Kandel & Chen, 2000). Lastly, prior studies often
delineate a group of late increasing users who gradually begin engaging in frequent
marijuana use during late adolescence and continue using regularly during their 20s and 30s
(Brook, Zhang, et al., 2011; Ellickson et al., 2004; Finlay et al., 2012; Guo et al., 2002;
Kandel & Chen, 2000). Although prior studies have found that this late increasing group
sometimes uses marijuana more frequently in adulthood than youth who exhibit early-onset
chronic use, this was not the case in the current study. Instead, the average annual frequency
of marijuana use among men in the early onset chronic group was roughly 2-3 times greater
than that of men in the late-onset group from the early to mid-20's.

Just as the trajectories identified in the current investigation are consistent with prior studies,
others studies have also found that chronic marijuana use may not be significantly related to
long-term physical or mental health problems (e.g., Sidney, 2002; Sidney et al., 1997;
Windle & Wiesner, 2004). Similar to Windle and Weiser (2004), the present study indicated
that early-onset chronic marijuana use was not significantly associated with an increased
risk for developing depression or anxiety disorders in early adulthood. Although one study
found that individuals who exhibited a chronically high trajectory of marijuana use over
time (“persistent users”) were more likely to be diagnosed with depression in adulthood than
other marijuana users (Juon, Fothergill, Green, Doherty, & Ensminger, 2011), this
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discrepancy may be due to methodological differences. In the current study, annual
interviews were used to collect information regarding the number of days participants used
marijuana in the past year from adolescence into the mid 20's. The analysis presented here
also controlled for possible confounding variables, including internalizing symptoms in
early adolescence. The study by Juon and colleagues (2011) did not control for early
internalizing symptoms, and they used retrospective reports of the age at first time using
marijuana and age at last time using marijuana. All years between the first and last time
using were coded as “marijuana using” years, and these binary items were used to model the
trajectory groups. As such, the analytical strategy in Juon and colleagues (2011) may
overestimate marijuana use and inflate the relation between marijuana trajectory groups and
depression.

Given prior research in the area, it was somewhat surprising that marijuana groups did not
differ in the likelihood of having a psychotic disorder. However, there are important
methodological differences between the current study and prior work in the area. First, many
previous studies have examined the association between marijuana use and the onset of
psychotic symptoms using retrospective reports collected from patients with a psychotic
disorder (see Di Forti et al., 2014; Large et al., 2011). For example, a meta-analysis that
synthesized data from over 80 studies found that, among patients diagnosed with psychosis,
marijuana users observed the onset of their psychotic symptoms to appear about 2.7 years
before symptoms appeared for nonusers (Large et al., 2011). This could suggest that
marijuana exacerbates a pre-existing disposition for psychosis but does not cause the
disorder to develop in non-vulnerable individuals. It is also possible that the focus on a
diagnosis of a psychotic disorder in the current study limited the power to detect more subtle
effects that marijuana use has on thought problems. The present study might have found
group differences if a lower threshold was used, such as prodromal psychotic symptoms
(e.g., excessive suspiciousness, odd thinking), instead of a binary diagnostic variable.
Furthermore, many prior studies have examined chronic marijuana dependence and abuse as
a risk factor for later psychotic disorders (e.g., Agosti, Nunes, & Levin, 2002; Farrell et at.,
2002; Hall & Degenhardt, 2000) rather than the frequency of use, which may have
contributed to the discrepant findings.

Another potential difference between the present study and prior work regarding the
marijuana-psychosis link is that many prior studies have used cross-sectional data and
retrospective reports (e.g., Agosti et at., 2002; Davis, Compton, Wang, Levin, & Blanco,
2013; Di Forti et al., 2014; Farrell et at., 2002; Hall & Degenhardt, 2000; Miller et al.,
2001). Although there have been a handful of large-scale prospective population-based and
birth-cohort studies conducted around the world (e.g., Sweden, Netherlands, New Zealand,
Germany, United Kingdom), almost all of these studies collected marijuana data at one to
three time-points and assessed whether these scores were associated with psychotic
outcomes between 1 and 35 years later (e.g., Andréassen, Engstrom, Allebeck, & Rydberg,
1987; Arseneault et at., 2002; Caspi et al., 2005; Fergusson, Horwood, & Beautrais, 2003;
Henquet et al., 2004; Kuepper et al., 2011; Manrique-Garcia et al., 2012; van Os, Bak,
Hanssen, Bijl, de Graaf, & Verdouz, 2002; for a review, see Moore et al., 2007). None of
these studies (to our knowledge) investigated whether the developmental course of
marijuana use between adolescence and young adulthood is related to psychotic outcomes in
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adulthood. The current study investigated whether subgroups of individuals who followed
different patterns of marijuana use from adolescence to young adulthood had different
likelihoods of having a psychotic diagnosis in adulthood. This is a fundamentally different
analysis than what has been researched in prior work. Investigating similar questions, with
different methods, moves the field forward by demonstrating the specific aspects of
marijuana use that are (and are not) related to psychotic outcomes.

Finally, it is increasingly being recognized that individual differences likely moderate the
association between marijuana use and psychotic disorders. For example, some studies have
found that genetic liability affects whether, for whom, and the extent to which, marijuana
has a negative influence on mental health. Alleles on at least two genes known to affect
dopamine processing, Catechol-O-MethylTransferase (COMT) and C-alpha serine/
threonine-protein kinase (AKT1), have been identified as potential moderators of the link
between marijuana use and psychosis (Caspi et al., 2005; van Winkel & GROUP
Investigators, 2011; but see Decoster et al., 2012 for a review). However, attempts to
replicate the COMT genetic finding have been unsuccessful Costas et al., 2011; Kantrowitz
et al., 2009; Zammit et al., 2007; Zammit, Owen, Evans, Heron, & Lewis, 2011). Future
studies should continue investigating the complex role of genetic factors in understanding
the linkage between marijuana use and aspects of physical and mental health.

The present study found no evidence that race moderated the associations between
marijuana use and the adult health outcomes examined. However, evidence did indicate that
Black men were more likely to report having high blood pressure than White men,
consistent with prior studies examining racial health disparities in the U.S. (Williams &
Jackson, 2005; Williams & Sternthal, 2010). Although differences in socioeconomic status
are believed to partially account for racial differences in hypertension (Williams & Collins,
1995), the current finding remained significant after controlling for participants’ current
occupational status and their highest level of education completed.

Study Limitations

Although the present study generated consistent findings across a variety of indicators of
health, the results should be interpreted with caution due to several limitations. First, the
lack of group differences may have been due to selection effects. It is possible that
individuals who had a higher risk of developing marijuana-related health problems chose to
use less marijuana and individuals who had a lower risk of developing marijuana-related
health problems chose to use more marijuana (thus masking the health risks associated with
use). Future research is needed to determine whether (and the extent to which) individuals
systematically calibrate their marijuana use based on their understanding of their risk for
subsequent mental and physical health problems, based on their perception of the risks
associated with the drug, and based on their subjective appraisal of their physical and
psychological reaction to marijuana. Similarly, it is important to emphasize that the findings
generated in the present analysis only extend to those who chose to use marijuana, as these
findings might not be representative of risk in the general population. In summary, the
inability to randomize youth to different marijuana use conditions limits the conclusions that
can be drawn regarding the health risks associated with use or lack thereof. Furthermore,
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given the current political climate, some particularly relevant factors (e.g., perceived safety
of the drug, legalization, availability) might alter or expand the population of marijuana
users, which might directly or indirectly affect the extent to which marijuana is (or is not)
related to the health outcomes studied here.3

Additionally, the sample was obtained from one geographic area, and analyses were limited
to Black and White men. Thus, the analyses presented here need to be replicated with more
diverse samples. Given potential sex differences in health disparities, it is also important to
study the health effects of marijuana for women. This is especially important given that
research indicates that women experience more serious health complications from substance
use than men (Kay, Taylor, Barthwell, Wichelecki, & Leopold, 2010).

Furthermore, the current study assessed health outcomes in the mid-30s, which may be too
early for decrements in health to emerge. In fact, there were few men with current or chronic
conditions within the sample, limiting the power to examine some of the outcomes that were
assessed. Therefore, continued data collection and longer follow-ups are needed.
Additionally, as mentioned previously, the base rates of many of the outcome variables were
low. These low base rates limited the ability to detect small, yet potentially important,
effects of marijuana use on health. Also, given that the mental health outcomes in the
present study were binary diagnostic variables, the data presented here do not address
whether, and the extent to which, marijuana use might be associated with elevated (or
reduced) internalizing or psychotic symptoms. As mentioned previously, significant effects
of marijuana may have become apparent if symptom counts were used instead of diagnostic
indicators.

Another limitation of the current study is that all health outcomes were measured by self-
report. It is possible that some young men had not seen a doctor and thus were unaware of
their health problems. Future research should use physician evaluations and medical testing
as part of a more comprehensive assessment of physical health outcomes. Furthermore, the
mental and physical health problems included were not comprehensive and some potential
negative consequences may have been omitted.

It is also important to note that the marijuana trajectory groups were delineated based on the
frequency of use and did not take into account quantity, quality, or potency of marijuana.
The combination of frequency, quantity, and potency may be especially important when
examining health outcomes. The marijuana data in the current study were collected in the
1990s and early 2000s and the average THC potency in marijuana confiscated by the U.S.
Federal and State Law enforcement agencies has increased dramatically in the last two
decades (e.g., Mehmedic et al., 2010). Higher potencies of marijuana might have a stronger
effect on mental and physical health outcomes. Conversely, individuals might be exposed to
less smoke overall if more potent marijuana causes individuals to need less of the drug to
receive the same high. As such, future research should examine the associations between
marijuana and health with varying potencies and types of marijuana.

3we would like to thank an anonymous reviewer for pointing out the limitations outlined in this paragraph.
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Conclusion

Over the past decade, U.S. policies have increasingly shifted toward a deregulation of
marijuana for medical and recreational use. Recent legislation in several states (i.e.,
Colorado, Washington, Oregon, Alaska) and Washington, DC has legalized recreational
marijuana use for individuals 21 and older. More states (e.g., California) are likely to follow
suit in future elections. Given this shift in the political climate and the potential increase in
marijuana use among youth, it is critical to empirically evaluate the long-term physical and
mental health consequences of marijuana use. Overall, data from this sample provide little to
no evidence to suggest that patterns of marijuana use from adolescence to young adulthood,
for the Black and White young men in the present study, were negatively related to the
indicators of physical or mental health studied here. This does not discredit the work of
others. It could be the case that cumulative THC exposure, age of initiation of use, or use at
one particular age is more predictive of negative health outcomes than the overall pattern of
use between adolescence and adulthood.

In conclusion, the health outcomes associated with marijuana use are just one piece of the
legalization puzzle. Political debates surrounding the legalization of this drug also need to
consider the potential effects on many other domains such as cognitive and intellectual
functioning, alterations in brain function and structure, academic and occupational failure,
psychosocial adjustment, antisocial and criminal behavior, motor vehicle accidents, and
suicidal ideation. Many of these outcomes have been discussed elsewhere (see Meier et al.,
2012; Volkow et al., 2014) and were beyond the scope of the present study, which focused
only on health outcomes. Indeed, marijuana policy makers and stakeholders need to consider
the results of any single study in the context of the larger body of work on the potential
adverse consequences of early-onset chronic marijuana use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Manuscript preparation and data collection were supported by grants from the National Institute on Drug Abuse
(DA411018, DA034608), National Institute of Mental Health (MH48890, MH50778, MHO078039), Pew Charitable
Trusts, the Office of Juvenile Justice and Delinquency Prevention (96-MU-FX-0012), and the Pennsylvania
Department of Health.

References

Achenbach, TM. Integrative guide for the 1991 CBCL/4-18, YSR, and TRF profiles. University of
Vermont, Department of Psychiatry; Burlington, VT: 1991.

Agosti V, Nunes E, Levin F. Rates of psychiatric comorbidity among U.S. residents with lifetime
cannabis dependence. Journal of Drug and Alcohol Abuse. 2002; 28:643-652.

Aldington S, Harwood M, Cox B, Weatherall M, Beckert L, Hansell A, Beasley R. Cannabis use and
risk of lung cancer: A case—control study. European Respiratory Journal. 2008; 31:280-286.
[PubMed: 18238947]

Allison, PD. Missing data (Vol. 136). Sage Publications; Thousand Oaks: 2001.

Psychol Addict Behav. Author manuscript; available in PMC 2015 September 29.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bechtold et al.

Page 16

American Psychiatric Association. Diagnostic and statistical manual of mental disorders. 4th ed. text
revision. American Psychiatric Association; Washington, DC: 2000.

Andréassen S, Engstrom A, Allebeck P, Rydberg U. Cannabis and schizophrenia: A longitudinal study
of Swedish conscipts. The Lancet. 1987; 330:1483-1486.

Arseneault L, Cannon M, Poulton R, Murray R, Caspi A, Moffitt TE. Cannabis use in adolescence and
risk for adult psychosis: Longitudinal prospective study. Brisih Medical Journal. 2002; 325:1212—
1213.

Asparouhov T, Muthén B. Aucxiliary variables in mixture modeling: 3-step approaches using Mplus.
Mplus web notes. 2013; 15:1-24.

Berthiller J, Straif K, Boniol M, Voirin N, Benhaim-Luzon V, Ayoub WB, Bartal M. Cannabis
smoking and risk of lung cancer in men: a pooled analysis of three studies in Maghreb. Journal of
Thoracic Oncology. 2008; 3:1398-1403. [PubMed: 19057263]

Bovasso GB. Cannabis abue as a risk factor for depression symptoms. American Journal of Psychiatry.
2001; 158:2033-2037. [PubMed: 11729021]

Bowles DW, O'Bryant CL, Camidge DR, Jimeno A. The intersection between cannabis and cancer in
the United States. Critical Reviews in Oncology/Hematology. 2012; 83:1-10. [PubMed:
22019199]

British Lung Foundation. The impact of cannabis on your lungs. London: 2012.

Brook DW, Brook JS, Zhang C, Cohen P, Whiteman M. Drug use and the risk of major depressive
disorder, alcohol dependence, and substance use disorders. Archives of General Psychiatry. 2002;
59:1039-1044. [PubMed: 12418937]

Brook JS, Stimmel MA, Zhang C, Brook DW. The association between earlier marijuana use and
subsequent academic achievement and health problems: A longitudinal study. The American
Journal on Addictions. 2008; 17:155-160. [PubMed: 18393060]

Brook JS, Zhang CS, Brook DW. Antisocial behavior at age 37: Developmental trajectories of
marijuana use extending from adolescence to adulthood. American Journal on Addictions. 2011;
20:509-515. [PubMed: 21999495]

Callaghan RC, Allebeck P, Sidorchuk A. Marijuana use and risk of lung cancer: a 40-year cohort
study. Cancer Causes and Control. 2013; 24:1811-1820. [PubMed: 23846283]

Casadio P, Fernandes C, Murray RM, Di Forti M. Cannabis use in young people: The risk for
schizophrenia. Neuroscience and Biobehavioral Reviews. 2011; 35:1779-1787. [PubMed:
21530584]

Casey BJ, Tottenham N, Liston C, Durston S. Imaging the developing brain: What have we learned
about cognitive development? Trends in Cognitive Science. 2005; 9:104-110.

Caspi A, Moffitt TE, Cannon M, McClay J, Murray R, Harrington H, Craig IW. Moderation of the
effect of adolescent-onset cannabis use on adult psychosis by a functional polymorphism in the
catechol-O-methyltransferase gene: Longitudinal evidence of a gene X environment interaction.
Biological Psychiatry. 2005; 57:1117-1127. [PubMed: 15866551]

Costas J, Sanjuan J, Ramos-Rios R, Paz E, Agra S, Tolosa A, Arrojo M. Interaction between COMT
haplotypes and cannabis in schizophrenia: A case-only study in two samples from Spain.
Schizophrenia Research. 2011; 127:22-27. [PubMed: 21310591]

Crippa JA, Zuardi AW, Martin-Santos R, Bhattacharyya S, Atakan Z, Fusar-Poli P. Cannabis and
anxiety: a critical review of the evidence. Human Psychopharmacology: Clinical and
Experimental. 2009; 24:515-523. [PubMed: 19693792]

Davis GP, Compton MT, Wang S, Levin FR, Blanco C. Association between cannabis use, psychosis,
and schizotypal personality disorder: Findings from the National Epidemiologic Survey on
Alcohol and Related Conditions. Schizophrenia Research. 2013; 151:197-202. [PubMed:
24200416]

Decoster J, van Os J, Myin-Germeys |, De Hert M, van Winkel R. Genetic variation underlying
psychosis-inducing effects of cannabis: critical review and future directions. Current
Pharmaceutical Design. 2012; 18:5015-5023. [PubMed: 22716139]

Di Forti M, Sallis H, Allegri F, Trotta A, Ferraro L, Stilo SA, Marconi A, Cascia CL, MacCabe JH,
Murray RM. Daily use, especially of high-potency cannabis, drives the earlier onset of psychosis
in cannabis users. Schizophrenia Bulletin. 2014; 40:1509-1517. [PubMed: 24345517]

Psychol Addict Behav. Author manuscript; available in PMC 2015 September 29.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bechtold et al.

Page 17

Degenhardt L, Hall W, Lynskey M. Exploring the association between cannabis use and depression.
Addiction. 2003; 98:1493-1504. [PubMed: 14616175]

Denson TF, Earleywine M. Decreased depression in marijuana users. Addictive Behaviors. 2006;
31:738-742. [PubMed: 15964704]

Ellickson PL, Martino SC, Collins RL. Marijuana use from adolescence to young adulthood: Multiple
developmental trajectories and their associated outcomes. Health Psychology. 2004; 23(3):299-
307. [PubMed: 15099171]

Farrell M, Boys A, Bebbington P, Brugha T, Coid J, Jenkins R, Lewis G, Meltzer H, Marsden J,
Singleton N, Taylor C. Psychosis and drug dependence: Results from a national survey of
prisoners. British Journal of Psychiatry. 2002; 181:393-398. [PubMed: 12411264]

Fergusson DM, Horwood LJ. Early onset cannabis use and psychosocial adjustment in young adults.
Addiction. 1997; 92(3):279-296. [PubMed: 9219390]

Fergusson DM, Horwood LJ, Beautrais AL. Cannabis and educational achievement. Addiction. 2003;
98:1681-1692. [PubMed: 14651500]

Fergusson D, Horwood M, L. J. Swain-Campbell N. Cannabis use and psychosocial adjustment in
adolescence and young adulthood. Addiction. 2002; 2002:1123-1135. [PubMed: 12199828]

Finlay AK, White HR, Mun EY, Cronley CC, Lee C. Racial differences in trajectories of heavy
drinking and regular marijuana use from ages 13 to 24 among African-American and White males.
Drug and Alcohol Dependence. 2012; 121:118-123. [PubMed: 21908109]

Giedd JN. Structural Magnetic Resonance Imaging of the adolescent brain. Annals of the New York
Academic of Sciences. 2004; 1071:77-85.

Giedd JN. The teen brain: Insights from neuroimaging. Journal of Adolescent Health. 2008; 42:335—
343. [PubMed: 18346658]

Griffith-Lendering MF, Wigman JT, Prince van Leeuwen A, Huijbregts SC, Huizink AC, Ormel J,
Vollebergh WA. Cannabis use and vulnerability for psychosis in early adolescence—a TRAILS
study. Addiction. 2013; 108:733-740. [PubMed: 23216690]

Guo J, Chung I-J, Hill KG, Hawkins JD, Catalano RF, Abbott RD. Developmental relationships
between adolescent substance use and risky sexual behavior in young adulthood. Journal of
Adolescent Health. 2002; 31:354-362. [PubMed: 12359381]

Hall W, Degenhardt L. Cannabis use and psychosis. A review of clinical and epidemiological
evidence. Australian & New Zealong Journal of Psychiatry. 2000; 34:26-34.

Hashibe M, Morgenstern H, Cui Y, Tashkin DP, Zhang Z, Cozen W, Mack TM, Greenland S.
Marijuana use and the risk of lung and upper aerodigestive tract cancers: Results of a population-
based case-control study. Cancer Epidemiology, Biomarkers & Prevention. 2006; 15:1829-1834.

Hashibe M, Straif K, Tashkin DP, Morgenstern H, Greenland S, Zhang ZF. Epidemiologic review of
marijuana use and cancer risk. Alcohol. 2005; 35:265-275. [PubMed: 16054989]

Hecht SS. Tobacco smoke carcinogens and lung cancer. Journal of the National Cancer Institute. 1999;
91:1194-1210. [PubMed: 10413421]

Helzer JE, Robins LN. The diagnostic interview schedule: Its development, evolution, and use. Social
Psychiatry and Psychiatric Epidemiology. 1988; 23:6-16. [PubMed: 3130671]

Henquet C, Krabbendam L, Spauwen J, Kaplan C, Lieb R, Wittchen H, van Os. Prospective cohort
study of annabis use, predisposition for psychosis, and psychotic symptoms in young people.
British Medical Journal. 2004; 330:1-5.

Hollingshead, AA. Four-factor index of social status. Yale University; New Haven, CT.: 1975.
Unpublished manuscript

Juon H, Fothergill KE, Green KM, Doherty EE, Ensminger ME. Antecedents and consequences of
marijuana use trajectories over the life course in an African American population. Drug and
Alcohol Dependence. 2011; 118:216-223. [PubMed: 21514749]

Kandel DB, Chen K. Types of marijuana users by longitudinal course. Journal of Studies on Alcohol.
2000; 61:367-378. [PubMed: 10807207]

Kantrowitz JT, Nolan KA, Sen S, Simen AA, Lachman HM, Bowers MB. Adolescent cannabis use,
psychosis and catechol-O-methyltransferase genotype in African Americans and Caucasians.
Psychiatric Quarterly. 2009; 80:213-218. [PubMed: 19633959]

Psychol Addict Behav. Author manuscript; available in PMC 2015 September 29.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bechtold et al.

Page 18

Kay A, Taylor TE, Barthwell AG, Wichelecki J, Leopold V. Substance use and women's health.
Journal of Addictive Diseases. 2010; 29:139-163. [PubMed: 20407973]

Kuepper R, van Os J, Lieb R, Wittchen H, Hofler M, Henquet. Continued cannabis use and risk of
incidence and persistence of psychotic symptos: 10 year follow up cohort study. British Medical
Journal. 2011; 342:1-8.

Large M, Sharma S, Compton MT, Slade T, Nielssen O. Cannabis use and earlier onset of psychosis:
A systematic meta-analysis. Archives of General Psychiatry. 2011; 68:555-561. [PubMed:
21300939]

Lisdahl, K.; Tapert, S. Chronic effects of heavy alcohol and marijuana use on the brain and cognition
in adolescents and young adults.. In: White, H.; Rabiner, D., editors. College student drinking and
drug use: multiple perspectives on a complex problem. The Guilford Press; Durham, North
Carolina: 2012. p. 63-82.

Loeber, R.; Farrington, D.; Stouthamer-Loeber, M.; Van Kammen, W. Antisocial behavior and mental
health problems: Explanatory factors in childhood and adolescents. Lawrence Erlbaum Associates,
Inc.; Mahwah, New Jersey: 1998.

Loeber, R.; Farrington, DP.; Stouthamer-Loeber, M.; White, HR. Violence and serious theft:
Development and prediction from childhood to adulthood. Routledge; New York, NY: 2008.

McGee R, Williams S, Poulton R, Moffitt T. A longitudinal study of cannabis use and mental health
from adolescence to early adulthood. Addiction. 2000; 95:491-503. [PubMed: 10829326]

Mehmedic Z, Chandra S, Slade D, Denham H, Foster S, Patel AS, EISohly MA. Potency Trends of A9
THC and Other Cannabinoids in Confiscated Cannabis Preparations from 1993 to 2008. Journal of
Forensic Sciences. 2010; 55:1209-1217. [PubMed: 20487147]

Meier MH, Caspi A, Ambler A, Harrington H, Houts R, Keefe RS, McDonald K, Ward A, Poulton R,
Moffitt TE. Persistent cannabis users show neuropsychological decline from childhood to midlife.
Proceedings of the National Academy of Sciences. 2012; 109:E2657-E2664.

Miller P, Lawrie AM, Hodges A, Clafferty R, Cosway R, Johnstone EC. Genetic liability, illicit drug
use, life stres and psychotic symptoms: Preliminary findings from the Edinburgh study of people
at high risk for schizophrenia. Social Psychiatry and Pschiatric Epidemiology. 2002; 36:338-342.

Mittleman MA, Lewis RA, Maclure M, Sherwood JB, Muller JE. Triggering myocardial infarction by
marijuana. Circulation. 2001; 103:2805-2809. [PubMed: 11401936]

Manrique-Garcia E, Zammit S, Dalman C, Hemmingsson, Alleback P. Cannabis use and depression: A
longitudinal study of a national cohort of Swedish conscripts. BMC Psychiatry. 2012; 12:112-122.
[PubMed: 22897939]

Moore BA, Augustson EM, Moser RP, Budney AlJ. Respiratory effects of marijuana and tobacco use
in a US sample. Journal of General Internal Medicine. 2005; 20:33-37. [PubMed: 15693925]

Moore THM, Zammit S, Lingford-Hughes A, Barnes T, R. E. Jones PB, Burke M, Lewis G. Cannabis
use and risk of psychotic or affective mental health outcomes: A systematic review. Lancet. 2007;
370:319-328. [PubMed: 17662880]

Muthén, B. Latent variable analysis. Growth mixture modeling and related techniques for longitudinal
data.. In: Kaplan, D., editor. Handbook of quantitative methodology for the social sciences. Sage
Publications; Newbury Park, CA: 2004. p. 345-368.

Muthén, LK.; Muthén, BO. Mplus user's guide. Seventh edition. Muthén & Muthén; Los Angeles, CA:
1998-2012.

Nylund KL, Asparouhov T, Muthén BO. Deciding on the number of classes in latent class analysis and
growth mixture modeling. A Monte Carlo simulation study Structural Equation Modeling. 2008;
15(1):182-182. doi: Doi 10.1080/10705510701793320.

Patton GC, Coffey C, Carlin JB, Degenhardt L, Lynskey M, Hall W. Cannabis use and mental health
in young people: Cohort study. British Medical Journal. 2002; 325:1195-1198. [PubMed:
12446533]

Paus, T. Brain development.. In: Lerner, R.; Steinberg, L., editors. Handbook of adolescent
psychology. 3rd ed.. Vol. 1. Wiley; New York, NY: 2009. p. 95-115.

Rajavashisth TB, Shaheen M, Norris KC, Pan D, Sinha SK, Ortega J, Friedman TC. Decreased
prevalence of diabetes in marijuana users: Cross-sectional data from the National Health and
Nutrition Examination Survey (NHANES) I11. BMJ open. 2012; 2(1):1-9.

Psychol Addict Behav. Author manuscript; available in PMC 2015 September 29.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bechtold et al.

Page 19

Rosenblatt KA, Darling JR, Chen C, Sherman KJ, Schwartz SM. Marijuana use and risk of oral
squamous cell carcinoma. Cancer Res. 2004; 64:4049-4054. [PubMed: 15173020]

Semple DM, Mcintosh AM, Lawrie SM. Cannabis as a risk factor for psychosis: Systematic review.
Journal of Psychopharmacology. 2005; 19:187-194. [PubMed: 15871146]

Sidney S. Cardiovascular consequences of marijuana use. The Journal of Clinical Pharmacology.
2002; 42(S1):64S-70S. [PubMed: 12412838]

Sidney S, Quesenberry CP Jr, Friedman GD, Tekawa IS. Marijuana use and cancer incidence
(California, United States). Cancer Causes and Control. 1997; 8:722-728. [PubMed: 9328194]

Spear, L. The behavioral neuroscience of adolescence. Norton; New York, NY: 2010.

Stefanis NC, Dragovic M, Power BD, Jablensky A, Castle D, Morgan VA. Age at initiation of
cannabis use predicts age at onset of psychosis: The 7-to 8-year trend. Schizophrenia Bulletin.
2013; 39:251-254. [PubMed: 23314189]

Tashkin DP. Effects of marijuana smoking on the lung. Annals of the American Thoracic Society.
2013; 10:239-247. [PubMed: 23802821]

van Os J, Bak M, Hanssen M, Bijl RV, de Graaf R, Verdouz H. Cannabis use and psychosis: A
longitudinal population-based study. American Journal of Epidemiology. 2002; 156:319-327.
[PubMed: 12181101]

van Winkel R, Genetic Risk and Outcome of Psychosis (GROUP) Investigators. Family-based analysis
of genetic variation underlying psychosis-inducing effects of cannabis: Sibling analysis and
proband follow-up. Archives General Psychiatry. 2011; 68:148-57.

Vidot DC, Arheart KL, Prado G, Hlaing WM, Acheampong A, Messiah SE. Current marijuana use and
cardiometabolic disease risk in united states emerging adults, 2005-2010. Drug and Alcohol
Dependence. 2015; 146:e11.

Volkow ND, Baler RD, Compton WM, Weiss SR. Adverse Health Effects of Marijuana Use. New
England Journal of Medicine. 2014; 370:2219-2227. [PubMed: 24897085]

White, HR.; Jackson, KM.; Loeber, R. Developmental sequences and comorbidity of substance use
and violence Handbook on Crime and Deviance. Springer; 2009. p. 433-468.

Wilkinson ST, Radhakrishnan R, D'Souza DC. Impact of cannabis use on the development of
psychotic disorders. Current Addiction Reports. 2014; 1:115-128. [PubMed: 25767748]

Williams DR, Collins C. US socioeconomic and racial differences in health: Patterns and explanations.
Annual Review of Sociology. 1995; 21:349-386.

Williams DR, Jackson PB. Social sources of racial disparities in health. Health Affairs. 2005; 24:325—
334. [PubMed: 15757915]

Williams DR, Sternthal M. Understanding racial-ethnic disparities in health sociological contributions.
Journal of Health and Social Behavior. 2010; 51:515-S27. [PubMed: 20943580]

Windle M, Wiesner M. Trajectories of marijuana use from adolescence to young adulthood: predictors
and outcomes. Development and Psychopathology. 2004; 16:1007-1027. [PubMed: 15704825]
Zammit S, Owen MJ, Evans J, Heron J, Lewis G. Cannabis, COMT and psychotic experiences. British

Journal of Psychiatry. 2011; 199:380-385. [PubMed: 21947654]

Zammit S, Spurlock G, Williams H, Norton N, Williams N, O'Donovan MC, Owen MJ. Genotype
effects of CHRNA7, CNR1 and COMT in schizophrenia: Interactions with tobacco and cannabis
use. British Journal of Psychiatry. 2007; 191:402-407. [PubMed: 17978319]

Psychol Addict Behav. Author manuscript; available in PMC 2015 September 29.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Bechtold et al.

Page 20

Mean frequency of past year marijuana use by age for each trajectory group.
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Figurel.

Mean frequency of past year marijuana use by age for each trajectory group.
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Table 1
Health Outcome Descriptive Statistics

Total Sample Black White
Physical Health Problems
Asthma 6.7% 7.5% 5.7%
Allergies 18.8% 19.2% 18.3%
Heart problem 1.8%  1.4% 2.3%
Kidney disease 0.3% 0.0% 0.6%
Diabetes 23%  42%  0.0%
Headaches 10.6%  9.9% 12.0%
High blood pressure 11.9% 14.6% 8.6%
Cancer 0.8% 0.9% 0.6%
Sexually transmitted infection 0.8% 0.5% 1.1%
Limited in physical activities 5.2% 4.7% 5.7%
Heart attacks/strokes lifetime 13%  0.9% 1.7%
Physical injury in past year 9.8% 71% 13.1%
Concussion lifetime 27.7% 199% 37.1%
Lifetime Mental Health Disorders
Anxiety disorder 83%  9.4% 6.9%
Mood disorder 57%  5.7% 5.7%
Psychotic disorder 3.4%  3.8% 2.9%

Note. Descriptive statistics are based on data from all men who completed the age 36 assessment; Total Sample=Black and White only
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Table 2

Model Comparisons for Successive Latent Classes of Marijuana Use Trajectories

Model  BIC-adjusted Entropy Vuong-Lo-Mendell-Rubin Likelihood Ratio Test  Bootstrapped Likelihood Ratio Test
2-Class 9114.40 0.87 p<.001 p <.001
3-Class 8922.80 0.80 p=.188 p<.001
4-Class 8793.92 0.82 p=.001 p<.001
5-Class 8728.84 0.80 p=.533 p<.001

Page 22

Note. BIC= Bayesian Information Criteria. The \Vuong-Lo-Mendell-Rubin Likelihood Ratio Test and the Bootstrapped Likelihood Ratio Test
examine whether a N-group solution is better than N-1 group solution
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