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a b s t r a c t

Background: Most adolescent cannabis use occurs in social settings among peers. Solitary cannabis use
during adolescence may represent an informative divergence from normative behavior with important
implications for understanding risk for cannabis problems. This longitudinal study examined associations
of adolescent solitary cannabis use with levels of cannabis use and problems in adolescence and in young
adulthood.
Methods: Cannabis using-adolescents aged 12–18 were recruited from clinical programs (n = 354; 43.8%
female; 83.3% Caucasian) and community sources (n = 93; 52.7% female; 80.6% Caucasian). Participants
reported on cannabis use patterns and diagnostic symptoms at baseline and multiple follow-ups into
young adulthood.
Results: Compared to social-only users, adolescent solitary cannabis users were more likely to be male and
reported more frequent cannabis use and more DSM-IV cannabis use disorder (CUD) symptoms. Regres-
sion analyses showed that solitary cannabis use in adolescence predicted CUD symptom counts in young

adulthood (age 25) after controlling for demographic variables and the frequency of adolescent cannabis
use. However, solitary adolescent cannabis use was no longer predictive of age 25 CUD symptoms after
additionally controlling for adolescent CUD symptoms.
Conclusions: Solitary cannabis use is associated with greater cannabis use and problems during adoles-
cence, but evidence is mixed that it predicts young adult cannabis problems.

© 2015 Elsevier Ireland Ltd. All rights reserved.
. Introduction

Regular cannabis use among US adolescents has been increas-
ng since 2007, with 21% of high school seniors reporting past

onth use and close to 6% reporting daily use (Johnston et al.,
015). Cannabis use that begins in adolescence increases the risk
f developing cannabis problems later in life (Anthony, 2006; Hall
nd Degenhardt, 2009; Silins et al., 2014). It is therefore important
o identify early occurring risk factors that predict later cannabis-
elated problems.

Most cannabis use occurs in social settings (Buckner et al., 2012,
013), and this is particularly true for adolescent cannabis use. For
nstance, in the Monitoring the Future Study, approximately 90%
f high school seniors who used only cannabis in the past year
eported doing so in social settings (McCabe et al., 2014). Little work

∗ Corresponding author at: Department of Psychology, Carnegie Mellon Univer-
ity, 5000 Forbes Avenue, Pittsburgh, PA 15213, USA.

E-mail address: kasey@andrew.cmu.edu (K.G. Creswell).

ttp://dx.doi.org/10.1016/j.drugalcdep.2015.08.027
376-8716/© 2015 Elsevier Ireland Ltd. All rights reserved.
has examined solitary cannabis use among adolescents, which may
indicate a divergence from normative behavior with important
implications for understanding risk for cannabis problems. Prior
studies have shown that solitary, compared to social-only, alcohol
use among adolescents and young adults is associated with poor
psychosocial and behavioral problems (Christiansen et al., 2002;
Gonzalez et al., 2009; Gonzalez and Skewes, 2013; Mohr et al.,
2001; Tucker et al., 2006). For instance, we recently reported that
adolescent solitary alcohol use is associated with heavier drinking
in adolescence and predicts alcohol problems in young adulthood
even after controlling for adolescent alcohol use and problems
(Creswell et al., 2014).

Among young adults, cross sectional studies have shown a
robust association between solitary cannabis use and symptoms of
DSM-IV Cannabis Use Disorder (CUD). For instance, in a study of 521
young adult frequent cannabis users, solitary use “most of the time”

(yes/no) was the only cannabis use variable that distinguished indi-
viduals with DSM-IV cannabis dependence from non-dependent
users (van der Pol et al., 2013). Similarly, among 843 students
from German universities who reported current cannabis use, using

dx.doi.org/10.1016/j.drugalcdep.2015.08.027
http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
http://crossmark.crossref.org/dialog/?doi=10.1016/j.drugalcdep.2015.08.027&domain=pdf
mailto:kasey@andrew.cmu.edu
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annabis while alone (as the “usual context” of use) was one of the
trongest predictors of DSM-IV cannabis dependence (Noack et al.,
011).

We are aware of only one prior study that has examined whether
olitary cannabis use in adolescence prospectively predicts drug
roblems in young adulthood. Tucker et al. (2006) compared
ighth-grade adolescents who endorsed ever having used cannabis
hen alone (n = 148) to those who only used cannabis in social sett-

ngs (n = 388). During eighth grade, solitary users reported more
requent cannabis use, held more positive cannabis reinforcement
xpectancies, earned poorer grades, and engaged in more deviant
ehaviors than students who used cannabis only in social settings.
urthermore, eighth grade solitary users, compared to social-only
sers, were more likely to endorse a single dichotomous item
ssessing drug problems at age 23 (i.e., use of any drug that nega-
ively affected finances, home life, work life, relationships, or legal
tatus) even after accounting for eighth grade cannabis use.

The current research extends the Tucker et al. (2006) study by
tudying adolescent solitary cannabis use patterns in more detail
nd examining their association with DSM-IV CUD symptoms in
dolescence and young adulthood (age 25). We hypothesized that
1) adolescent solitary cannabis users would have a greater fre-
uency of cannabis use and more CUD symptoms compared to
ocial-only adolescent users, and (2) solitary cannabis use in ado-
escence would predict CUD symptoms in young adulthood even

hen controlling for demographics and the frequency of cannabis
se and CUD symptoms during adolescence.

. Methods

.1. Participants

Participants included 447 adolescents recruited from clinical and community
ources first seen between the ages of 12 and 18 years (mean age = 16.2, SD = 1.5)
articipating in a longitudinal study at the Pittsburgh Adolescent Alcohol Research
enter (PAARC). The use of clinical and community recruits provides a sample with
broad range of cannabis involvement. Details regarding recruitment procedures
ave been published previously (e.g., Clark et al., 2001a,b, 2010; Maisto et al., 2002).
xclusion criteria included psychosis, mental retardation, and a history of serious
eurological disturbance, as indicated by parent self-report during an initial phone
creen. Clinical participants (n = 354; 155 females, 199 males) were recruited from
wide variety of clinical programs in the Pittsburgh area, including hospital-based
ut-patient and in-patient addictions and dual diagnosis programs, free-standing
rograms that provided treatment for addictions and behavioral problems, and res-

dential programs for youth with family difficulties. All of these locations provided
ddictions treatment. These participants were identified through a recruiter who
resented information about the study to family groups or through therapists who
btained “consent to contact” the family. Of the clinical participants who provided
onsent to contact, 73% passed a screen for eligibility and completed the baseline
ssessment. Clinical adolescents who did and did not complete the screen and the
aseline assessment did not differ in demographic characteristics (Maisto et al.,
002). The clinical sample is quite similar in demographic and clinical character-

stics to Caucasians and African American adolescents in nationally representative
ddiction treatment samples [e.g., the Drug Abuse Treatment Outcome Studies for
dolescents (DATOS-A) sample (Kristiansen and Hubbard, 2001) and the Substance
buse and Mental Health Services Administration’s (SAMHSA’s) national Treatment
pisode Data set (TEDS; SAMHSA, 2006)]. This comparability to two large national
reatment samples strongly suggests that our clinical sample is broadly representa-
ive of adolescents who receive addictions treatment from a wide variety of clinical
rograms. Community participants (n = 93; 49 females, 44 males) were recruited
rom community sources, including marketing and survey sampling databases or
dvertisements, flyers, and word of mouth approaches.
The current sample is comprised of participants who reported cannabis use
uring adolescence (n = 625) and who also had data available at an age 25 follow-
p visit (n = 447).1 Participants who missed the young adult assessment, compared
ith those who completed the visit, were more likely to be male (69.7% vs. 54.4%;

1 Most participants (96.2%) in the current study were included in our prior report
n solitary drinking (Creswell et al., 2014). Examination of the data revealed that,
f the 447 participants, approximately 35% (n = 154) endorsed solitary use of both
lcohol and cannabis, 27.5% (n = 123) were solitary cannabis users but not solitary
rinkers, 6% (n = 28) were solitary drinkers but not solitary cannabis users, and 25.7%
n = 115) were neither solitary cannabis users nor solitary drinkers (i.e., they were
ependence 156 (2015) 120–125 121

�2 = 12.3, df = 1, p < .001) and non-Caucasian (28.1% vs. 17.2%; �2 = 9.3, df = 1, p = .002),
and were more likely to have been recruited from the community (31.5% vs. 20.8%;
�2 = 7.9, df = 1, p = .005). There were no differences in the peak number of CUD symp-
toms during adolescence between those who missed the young adult assessment
and those who completed it (4.4 ± 3.1 vs. 4.9 ± 2.9; F = 3.4, df = 1, p = .07). The sample
used in this report was 82.8% Caucasian, 17.0% African American, and less than 1%
other racial/ethnic backgrounds.

2.2. Procedures

Participants were initially assessed between the ages of 12 and 18. Measures
included lifetime drug use, substance use disorders and other psychopathology,
health status, and other variables. Similar measures were used for the 1-, 3-, 5-
year, and age 25 follow-up assessments, all of which covered the interval since the
last completed assessment. We used all assessments (baseline and follow-ups) con-
ducted through age 18 to characterize solitary cannabis use during adolescence.
Data from the age 25 assessment were used to determine young adult outcomes.
Participants were paid $125 in gift certificates for completing each assessment. The
study was approved by the University of Pittsburgh IRB. Written informed consent
was obtained from a parent for a minor’s participation; participants provided assent
(or consent when age ≥ 18).

2.3. Measures

2.3.1. Demographics. Adolescent demographic characteristics, collected at the
baseline assessment, included gender, race/ethnicity, and socio-economic status
(SES) as indicated by the Hollingshead Two-Factor Index (Hollingshead, 1975).

2.3.2. Adolescent cannabis use and solitary cannabis use. Cannabis use frequency and
solitary versus social-only cannabis use were measured by a version of the Lifetime
Drinking History (Skinner and Sheu, 1982), which was adapted to assess cannabis
use patterns among adolescents (Clark et al., 2001b). Participants reported cannabis
use frequency (days per month) and percentage of time that their cannabis use
occurred while alone versus with others (on a 0–100% scale). Since solitary cannabis
use was assessed as a percentage of total use episodes, rather than as a count of soli-
tary use occurrences, we avoided the confound of greater frequency of cannabis use
being associated with both social and solitary use contexts. At the baseline assess-
ment, cannabis use data were retrospectively recalled for each year since the start
of cannabis use. For subsequent assessments (i.e., at 1-, 3-, and 5-year follow-up),
cannabis use data were collected for each year since the last completed assessment.

2.3.3. Adolescent and young adult DSM-IV CUD symptoms. Information about past-
year adolescent and young adult CUD symptoms and diagnoses were collected using
the Structured Clinical Interview for DSM-IV (SCID; First et al., 2002; Martin et al.,
1995, 2000). Interviewers had master’s-level education in mental health-related
fields and were trained to obtain high agreement with an experienced interviewer
(see Martin et al., 2000).

2.4. Data analyses

Consistent with our approach to measuring adolescent solitary alcohol use (see
Creswell et al., 2014), we used three summary variables to measure adolescent soli-
tary cannabis use through age 18: maximum percentage of time smoking cannabis
alone (Alone-Max), mean percentage of time smoking cannabis alone (Alone-Mean),
and a binary variable of ever having smoked cannabis alone [Alone-Ever (yes/no)].

We first examined rates of solitary use across ages 12–18 and the characteristics
of adolescent solitary users. Next, we computed bivariate correlations of the three
adolescent solitary cannabis use variables with adolescent frequency of cannabis use
and CUD symptom counts, and young adult CUD symptom counts. Separate hierar-
chical linear regression analyses were then used to predict CUD symptom counts in
young adulthood from each of the three adolescent solitary cannabis use variables.
For these analyses, young adult past year CUD symptom count was regressed hierar-
chically on three sets of independent variables, which were entered in the following
order: step 1 = gender, race/ethnicity, and SES; step 2 = cannabis frequency during
adolescence, and step 3 = solitary cannabis use. In another hierarchical regression

analysis, which represented a very strict test of the predictive power of adolescent
solitary use, we added another predictor at step two: adolescent CUD symptom
count.

social only users of both substances). In addition, there were 27 cannabis users (6.1%;
12 solitary and 15 social-only) who had missing data for solitary alcohol use because
they did not engage in regular alcohol use and thus were not asked about solitary
alcohol use. We did not control for solitary drinking in our analyses given the large
overlap of participants who endorsed solitary use of both alcohol and cannabis (see
also Tucker et al., 2006). Solitary alcohol use in adolescence (yes/no) was not related
to subsequent problems with cannabis (r = 0.04, p = .36).
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Table 1
Percentage of adolescents reporting any solitary cannabis use and mean percentage of time spent using cannabis while alone for each age across the adolescent period.

Measure Age (years)

12 13 14 15 16 17 18

n 33 81 168 252 315 325 310
Adolescents reporting any solitary cannabis use (%) 30.3 38.3 36.9 43.2 46.0 51.7 53.5
Solitary cannabis use episodes for solitary users only, mean % (SD)a 31.5 (26.6) 27.6 (24.7) 22.3 (18.1) 25.9 (21.3) 29.9 (21.0) 31.1 (22.9) 30.0 (20.5)
Range in % of solitary cannabis use episodes reported 0–100 0–100 0–80 0–100 0–100 0–100 0–100

Note: Sample size at each age represents the number of youth who reported cannabis use at that age on the Lifetime Drinking History measure. Data at each age includes
initial session and/or follow-up data within the adolescent time period.

a n = 289.

Table 2
Demographic characteristics and cannabis use variables of adolescents who did versus did not engage in solitary cannabis use.

Characteristic and variable Solitary Users Social-only Users X2 F p Effect size

n/Mean %/SD n/Mean %/SD

Gender
Male 177 61.2 66 41.8 15.6 <.001 Phi = .19
Female 112 38.8 92 58.2

Race/ethnicitya

Caucasian 235 81.3 135 85.4 1.2 0.27 Phi = .05
African American 54 18.7 23 14.6

SES 37.6 12.3 36.9 12.6 .31 0.58 �p
2 = 00

Recruitment source
Clinical 255 72.0 99 28.0 40.6 <.001 Phi = .30
Community 34 36.6 59 63.4

Adolescent cannabis use days per month b 9.2 6.1 3.9 4.2 97.9 <.001 �p
2 = 18

Adolescent CUD symptomsb 2.5 1.5 .96 1.1 120.4 <.001 �p
2 = 21
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a Only one individual did not self-identify as either Caucasian or African America
b Values represent averages across ages 12–18. Separate tests were also run for e

not shown) did not change when gender and recruitment source were entered as c

. Results

.1. Descriptive and cross-sectional results

Of the 447 participants, 289 (64.7%) reported smoking cannabis
lone at least once during adolescence, and 158 (35.3%) reported
annabis use only in social settings through age 18. Across ages
2–18, more than 3/4 of the sample remained stable in their
ndorsement of solitary cannabis use (i.e., either consistently
eporting or not reporting solitary use). Less than 1/4 showed a
attern of no solitary cannabis use at younger ages followed by
olitary use at older ages. Table 1 shows the percentage of adoles-
ents at ages 12–18 years reporting any solitary cannabis use and
he mean percentage of solitary use episodes among solitary users.
s shown, the percentage of adolescents engaging in solitary use

ncreased with age. Among solitary adolescent users, this behavior
emained fairly stable over time.
Table 2 shows descriptive characteristics of adolescents who
eported any solitary cannabis use in adolescence (solitary
sers) compared to those who used cannabis only in social

able 3
earson product-moment correlations between adolescent solitary cannabis use, adolesc
UD symptom counts (n = 447).

Alone-Max Alone-Ever Alone-

Alone-Max 1.00 .638*** .862**

Alone-Ever 1.00 .559**

Alone-Mean 1.00
Adolescent frequency of cannabis use
Adolescent CUD symptoms
Age 25 CUD symptoms

ote: CUD = cannabis use disorder. Alone-Max = maximum percentage of time smoking ca
moked alone during the ages of 12–18 (0 = no, 1 = yes). Alone-Mean = mean percentage o

a Age 18 data were used because this was the age of heaviest mean cannabis use durin
** p < .01.

*** p < .001.
was not included in this analysis.
ge group, and the significant results above remained significant at all ages. Results
ates in these analyses.

situations (social-only users). The majority of the clinical partici-
pants reported solitary cannabis use; community participants were
less likely to endorse this behavior. Compared to social-only users,
solitary cannabis users were more likely to be male and reported
more frequent cannabis use and more past year CUD symptoms
through age 18. Solitary cannabis use in adolescence did not dif-
fer by race/ethnicity. Table 3 shows the Pearson product-moment
correlations between the three adolescent solitary cannabis use
variables and adolescent frequency of cannabis use, adolescent CUD
symptom counts, and young adult CUD symptom counts. As shown,
adolescent solitary cannabis use was positively correlated with
adolescent cannabis use and cannabis problems during adolescence
and young adulthood.

3.2. Solitary Cannabis Use in Adolescence and Young Adult
Forty-four percent of young adults (n = 195) had at least one
past-year DSM-IV CUD symptom at age 25 (full sample M = 1.72,

ent frequency of cannabis use, adolescent CUD symptom counts, and young adult

Mean Frequency of cannabis
use at age 18a

CUD symptoms at
age 18a

Age 25 CUD
symptoms

* .246** .265*** .178***

* .295*** .308*** .177***

.244*** .207*** .127***

1.00 .527*** .249***

1.00 .351***

1.00

nnabis alone during the ages of 12–18. Alone-Ever = a binary variable of ever having
f time smoking cannabis alone during the ages of 12–18.
g adolescence.
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Table 4
Hierarchical regression analysis predicting age 25 CUD symptoms.

Variable ˇ t R R2 �R2 �F

Step 1 .34 .11 .11 18.17***

Gender .24 5.32***

Ethnicity .23 4.93***

SES −.06 −1.39
Step 2 .37 .14 .03 14.12***

Cannabis frequency at age 18a .17 3.76***

Step 3b

Alone-Max .10 2.11* .39 .15 .01 4.43*

Alone-Ever .10 2.02* .39 .14 .01 4.07*

Alone-Mean .05 1.03 .38 .14 .00 1.06

Note. CUD = Cannabis use disorder. Alone-Max = maximum percentage of time smok-
ing cannabis alone during the ages of 12–18. Alone-Ever = a binary variable of ever
having smoked alone during the ages of 12–18 (0 = no, 1 = yes). Alone-Mean = mean
percentage of time smoking cannabis alone during the ages of 12–18. Betas reported
are those from the step at which the variable was entered into the equation.

a Separate regressions were also run entering cannabis frequency data for all other
adolescent ages (i.e., ages 12–17) in Step 2. Solitary cannabis use remained a signif-
icant predictor (all ps < .03) at Step 3 in all analyses for Alone-Max and Alone-Ever.

b A separate regression analysis was performed with each of the three solitary
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Table 5
Hierarchical regression analysis predicting age 25 CUD symptoms controlling for
adolescent CUD symptoms.

Variable ˇ t R R2 �R2 �F

Step 1 .34 .11 .11 18.17***

Gender .24 5.32***

Ethnicity .23 4.93***

SES −.06 −1.39
Step 2 .43 .19 .07 19.30***

Cannabis frequency at age 18a .05 0.96
CUD symptoms at age 18 .26 4.87***

Step 3b

Alone-Max .07 1.43 .44 .19 .01 2.03
Alone-Ever .06 1.24 .43 .19 .00 1.53
Alone-Mean .03 0.57 .43 .19 .00 0.33

Note. CUD = Cannabis use disorder. Alone-Max = maximum percentage of time smok-
ing cannabis alone during the ages of 12–18. Alone-Ever = a binary variable of ever
having smoked alone during the ages of 12–18 (0 = no, 1 = yes). Alone-Mean = mean
percentage of time smoking cannabis alone during the ages of 12–18. Betas reported
are those from the step at which the variable was entered into the equation.

a Separate regressions were also run entering CUD symptom data for all other
adolescent ages (i.e., ages 12–17) in Step 2. Solitary cannabis was not a significant
predictor (all ps > .05) at Step 3 in any of the analyses for Alone-Max, Alone-Ever, or
Alone-Mean.
annabis use variables for step 3.
* p < .05.

*** p < .001.

D = 2.40; range 0–10). Table 4 shows the hierarchical regres-
ion results predicting age 25 CUD symptoms from three sets of
redictors. In the first step, we entered demographic covariates
nd observed a statistically significant relationship between age
5 CUD symptoms and both male gender and African American
ace/ethnicity. In the second step, we observed a significant rela-
ionship between higher frequency of age 18 cannabis use and more
ge 25 CUD symptoms. In the third step (in two separate analyses),
he Alone-Max and Alone-Ever measures accounted for unique pro-
ortions of the remaining variance in age 25 CUD symptoms, but
he effect sizes were small. The Alone-Mean solitary cannabis use

easure, however, failed to account for a unique proportion of the
emaining variance in step 3.2

Next, we conducted similar regression analyses but added ado-
escent CUD symptom counts as a predictor variable in step 2 (see
able 5) Adolescent symptom count was a strong predictor of young
dult CUD symptom count. As such, controlling for the variance
ccounted for by adolescent cannabis problems provides a very
trict test of whether adolescent solitary use predicts young adult
UD symptoms. In these analyses, none of the adolescent solitary
annabis use variables remained significant in step 3 (all ps > .16).

. Discussion

This is one of the first studies to examine cross-sectional and
ongitudinal associations of adolescent solitary cannabis use with

easures of adolescent and young adult cannabis involvement. The

ast year solitary cannabis use estimates of 30–53% across ages
2–18 in this study are somewhat higher than rates reported in
chool-based studies (Tucker et al., 2006; McCabe et al., 2014),

2 We also ran the hierarchical regression analyses predicting age 25 cannabis
roblems from adolescent solitary cannabis use with the additional covariates of
dolescent depression (i.e., major depressive disorder or dysthymia) and anxi-
ty (i.e., generalized anxiety disorder, panic disorder, or social phobia) diagnoses
yes/no) entered at step 2 (in addition to adolescent cannabis use frequency). These
iagnoses were determined with the Kiddie Schedule for Affective Disorders and
chizophrenia-Present and Lifetime version (K-SADS), a semistructured interview
or DSM-IV psychiatric disorders in youth and young adults (Kaufman et al., 1997;
uig-Antich and Chambers, 1978). Solitary cannabis use in adolescence (both Alone-
ax and Alone-Ever) remained significant predictors of age 25 cannabis problems

t step 3 after controlling for adolescent depression and anxiety (for Alone-Max
= .03; for Alone-Ever p = .04).
b A separate regression analysis was performed with each of the three solitary
cannabis use variables for step 3.

*** p < .001.

which may be due to the fact that our sample consisted mostly
of adolescents recruited from clinical settings. In general, the con-
text of cannabis use (i.e., solitary versus social) was relatively stable
across adolescence in our sample, with the majority of adolescents
either consistently reporting or not reporting solitary use. We also
found that males were more likely to report adolescent solitary
cannabis use than females. This is consistent with one prior study
that found solitary cannabis use to be more prevalent among male
than female young adults (Noack et al., 2011), but inconsistent with
prior studies in adolescents that have either found no gender differ-
ences in solitary cannabis use (Tucker et al., 2006) or greater solitary
use among females than males (Tucker et al., 2014). Discrepancies
in the literature on gender differences in solitary marijuana use
may be due to differences in sample characteristics, as the find-
ings reported by Tucker et al. (2006, 2014) were from adolescents
recruited from middle schools rather than young adults recruited
from the community (Noack et al., 2011) or adolescents largely
recruited from clinical settings (as in the current report).

As hypothesized, cross-sectional analyses indicated that ado-
lescent solitary users had more frequent cannabis use and more
DSM-IV CUD symptoms compared to adolescents who used only in
social settings. These results replicate and extend findings reported
by Tucker et al. (2006) to show that adolescent solitary users not
only have greater cannabis use but also more cannabis use prob-
lems as defined by the DSM-IV. Our results are also consistent with
cross-sectional studies linking solitary cannabis use in young adults
to CUD (van der Pol et al., 2013; Noack et al., 2011).

This is the first study to test whether solitary cannabis use in
adolescence predicts CUD symptoms in young adulthood. In partial
support of this hypothesis, any solitary adolescent marijuana use, as
well a measure of the maximum proportion of solitary use episodes
in adolescence, predicted CUD symptom counts in young adult-
hood even after controlling for demographics and the frequency
of adolescent cannabis use. The effect sizes for these two variables
were small, however. These findings are similar to those reported
by Tucker et al. (2006), who found that solitary cannabis use in
eighth grade predicted the endorsement of a single dichotomous

item assessing drug problems at age 23 after controlling for eighth
grade cannabis use. In our most strict test of predictive associa-
tions, the solitary use variables did not remain significant in the
prediction of age 25 CUD symptoms after additionally controlling
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or adolescent CUD symptoms. We conclude that evidence for a
redictive association is mixed and that more research is needed
o address this issue.

In contrast to solitary alcohol use in adolescence, which pre-
icted young adult alcohol problems even after controlling for
dolescent alcohol use and problems (see Creswell et al., 2014),
dolescent solitary cannabis use appears to be a less robust predic-
or for later cannabis problems. Interestingly, the prevalence rates
f solitary cannabis use by adolescents in the current sample and
n a large, nationally representative sample of high school seniors
McCabe et al., 2014) indicates that solitary cannabis use is at least
wice as common as solitary alcohol use (Creswell et al., 2014).
he greater prevalence of adolescent solitary cannabis use suggests
hat this behavior may be more normative than adolescent solitary
lcohol use, and less indicative of vulnerability for substance use
roblems in young adulthood.

This study has limitations that warrant comment. First, the
ample was largely drawn from clinical sources, which limits the
eneralizability of our findings. It will be important to replicate
ur findings in large, longitudinal community studies. Second,
here is possible bias due to attrition over follow-up, since those
ho were lost to follow-up differed on demographic variables and

ecruitment source (but not on CUD severity) compared to those
ho completed the age 25 assessment. It is unclear how attrition
ight have influenced the findings. Third, the majority of young

dults who had at least one CUD symptom (97%) also met criteria
or at least one CUD symptom at some point during adolescence
ages 12–18), so there is the possibility that our prospective find-
ngs show a persistence of problems that do not involve a causal
ole of adolescent solitary use. Fourth, this study did not examine
echanisms that explain how solitary cannabis use may relate to

annabis problems cross-sectionally or longitudinally. Prior stud-
es on adolescent solitary alcohol use have tended to support a
elf-medication framework, in which adolescents engage in soli-
ary drinking to cope with or relieve negative affect (e.g., Creswell
t al., 2014, 2015; Tomlinson and Brown, 2012). There is some
vidence that adolescent solitary cannabis users also hold more
egative reinforcement expectancies (e.g., beliefs that cannabis use
ill help them to relax, get away from their problems) than social-

nly users (Tucker et al., 2006, 2014), and future research should
ocus on identifying reasons for the emergence of solitary cannabis
se among adolescents. Such research will have important clinical

mplications insofar as it reveals potential targets for intervention
n a subset of adolescents who may be vulnerable to the develop-

ent of cannabis problems in young adulthood.

ole of funding source

This paper was supported by the following NIH grants:
30 AA022509 (KGC), R01AA016482 (DBC), U01AA021690 (DBC),
01AA021721 (CSM), R01AA13397 (CSM), K24AA020840 (CSM),
01AA014357 (TC). The content is solely the responsibility of the
uthors and does not necessarily represent the official views of the
ational Institutes of Health.

uthors’ contribution

K.G.C. and C.S.M. had the initial idea. K.G.C. conducted back-
round literature searches, ran the statistical analyses, and wrote

he first draft of the manuscript. D.B.C., C.S.M., and T.C. were
nvolved in the original study protocol and data collection, and they
rovided critical feedback on the manuscript. All authors reviewed
nd approved the final version of the manuscript.
ependence 156 (2015) 120–125

Conflict of interest

Nothing declared.

References

Anthony, J.C., 2006. The epidemiology of cannabis dependence. In: Roffman, R.A.,
Stephens, R.S. (Eds.), Cannabis Dependence: Its Nature, Consequences, and
Treatment. Cambridge University Press, Cambridge, pp. 58–105.

Buckner, J.D., Crosby, R.D., Silgado, J., Wonderlich, S.A., Schmidt, N.B., 2012.
Immediate antecedents of marijuana use: an analysis from ecological
momentary assessment. J. Behav. Ther. Exp. Psychiatry 43,
297–304.

Buckner, J.D., Zvolensky, M.J., Ecker, A.H., 2013. Cannabis use during a voluntary
quit attempt: an analysis from ecological momentary assessment. Drug
Alcohol Depend. 132, 610–616.

Christiansen, M., Vik, P.W., Jarchow, A., 2002. College student heavy drinking in
social contexts versus alone. Addict. Behav. 27, 393–404.

Clark, D.B., Lynch, K.G., Donovan, J.E., Block, G.D., 2001a. Health problems in
adolescents with alcohol use disorders: self-report, liver injury, and physical
examination findings and correlates. Alcohol. Clin. Exp. Res. 25,
1350–1359.

Clark, D.B., Pollock, N.K., Mezzich, A., Cornelius, J., Martin, C., 2001b. Diachronic
substance use assessment and the emergence of substance use disorders. J.
Child Adolesc. Subst. Abuse 10, 13–22.

Clark, D.B., Thatcher, D.L., Martin, C.S., 2010. Child abuse and other traumatic
experiences, alcohol use disorders, and health problems in adolescence and
young adulthood. J. Pediatric Psychol. 35, 499–510.

Creswell, K.G., Chung, T., Clark, D.B., Martin, C.S., 2014. Solitary alcohol use in teens
is associated with drinking in response to negative affect and predicts alcohol
problems in young adulthood. Clin. Psychol. Sci. 2, 602–610.

Creswell, K.G., Chung, T., Wright, A.G.C., Black, J.J., Clark, D.B., Martin, C.S., 2015.
Personality, negative affect coping, and drinking alone: a structural equation
modeling approach to examine correlates of adolescent solitary drinking.
Addiction 110 (5), 775–783.

First, M., Spitzer, R., Gibbon, M., Williams, J., 2002. Structured Clinical Interview for
DSM-IV-TR Axis I Disorders, Research Version Non-Patient Edition (SCID-I/NP).
Biometrics Research, New York State Psychiatric Institute, New York, NY.

Gonzalez, V.M., Skewes, M.C., 2013. Solitary heavy drinking, social relationships,
and negative mood regulation in college drinkers. Addict. Res. Theory 21,
285–294.

Gonzalez, V.M., Collins, R.L., Bradizza, C.M., 2009. Solitary and social heavy
drinking, suicidal ideation, and drinking motives in underage college drinkers.
Addict. Behav. 34, 993–999.

Hall, W., Degenhardt, L., 2009. Adverse health effects of non-medical cannabis use.
Lancet 374, 1383–1391.

Hollingshead, A.B., 1975. Two-Factor Index of Social Status. Yale University, New
Haven, CT.

Johnston, L.D., O’Malley, P.M., Miech, R.A., Bachman, J.G., Schulenberg, J.E., 2015.
Monitoring The Future National Survey Results On Drug Use: 1975–2014:
Overview, Key Findings on Adolescent Drug Use. Institute For Social Research,
The University of Michigan, Ann Arbor.

Kaufman, J., Birmaher, B., Brent, D., Rao, U., Flynn, C., Moreci, P., Williamson, D.,
Ryan, N., 1997. Schedule for affective disorders and schizophrenia for
school-age children-present and lifetime version (K-SADS-PL): initial
reliability and validity data. J. Am. Acad. Child Adolesc. Psychiatry 36, 980–988.

Kristiansen, P.L., Hubbard, R.L., 2001. Research design for adolescents in the Drug
Abuse Treatment Outcome Studies. J. Adolesc. Res. 16, 545–562.

Maisto, S.A., Martin, C.S., Pollock, N.K., Cornelius, J.R., Chung, T.A., 2002.
Nonproblem drinking outcomes in adolescents treated for alcohol use
disorders. Exp. Clin. Psychopharmacol. 10, 324–331.

Martin, C.S., Kaczynski, N.A., Maisto, S.A., Bukstein, O.M., Moss, H.B., 1995. Patterns
of DSM-IV alcohol abuse and dependence symptoms in adolescent drinkers. J.
Stud. Alcohol Drugs 56, 672–680.

Martin, C.S., Pollock, N.K., Bukstein, O.G., Lynch, K.G., 2000. Inter-rater reliability of
the SCID alcohol and substance use disorders section among adolescents. Drug
Alcohol Depend. 59, 173–176.

McCabe, S.E., West, B.T., Veliz, P., Frank, K.A., Boyd, C.J., 2014. Social contexts of
substance use among U.S. high school seniors: a multicohort national study. J.
Adolesc. Health 55, 842–844.

Mohr, C.D., Armeli, S., Tennen, H., Carney, M.A., Affleck, G., Hromi, A., 2001. Daily
interpersonal experiences, context, and alcohol consumption: crying in your
beer and toasting good times. J. Personal. Soc. Psychol. 80, 489–500.

Noack, R., Hofler, M., Lueken, U., 2011. Cannabis use patterns and their association
with DSM-IV cannabis dependence and gender. Eur. Addict. Res. 17, 321–328.

Puig-Antich, J., Chambers, W., 1978. The Schedule for Affective Disorders and
Schizophrenia for School-Age Children (Kiddie-SADS). State Psychiatric
Institute, New York.

Silins, E., Horwood, L.J., Patton, G.C., Fergusson, D.M., Olsson, C.A., Hutchinson,

D.M., Spry, E., Toumbourou, J.W., Degenhardt, L., Swift, W., Coffey, C., Tait, R.J.,
Letcher, P., Copeland, J., Mattick, R.P., 2014. Young adult sequelae of adolescent
cannabis use: an integrative analysis. Lancet Psychiatry 1, 286–293.

Skinner, H.A., Sheu, W.J., 1982. Reliability of alcohol use indices; the lifetime
drinking history and the MAST. J. Stud. Alcohol Drugs 43, 1157–1170.



ohol D

S

T

T

K.G. Creswell et al. / Drug and Alc

ubstance Abuse Mental Health Services Administration, Treatment Episode Data
Set (TEDS), 2006. National Admissions to Substance Abuse Treatment Services,
DASIS Series S-33: 1994–2004. DHHS Publication No. (SMA) 06-4180,
Rockville, MD.
omlinson, K.L., Brown, S.A., 2012. Self-medication or social learning? A
comparison of models to predict early adolescent drinking. Addict. Behav. 37,
179–186.

ucker, J.S., Ellickson, P.L., Collins, R.L., Klein, D.J., 2006. Does solitary substance use
increase adolescents’ risk for poor psychosocial and behavioral outcomes? A
ependence 156 (2015) 120–125 125

9-year longitudinal study comparing solitary and social users. Psychol. Addict.
Behav. 20, 363–372.

Tucker, J.S., Pedersen, E.R., Miles, J.N.V., Ewing, B.A., Shih, R.A., D’Amico, E.J., 2014.
Alcohol and marijuana use in middle school: comparing solitary and

social-only users. J. Adolesc. Health 55, 744–749.

van der Pol, P., Liebregts, N., de Graaf, R., ten Have, M., Korf, D.J., van den Brink, W.,
van Laar, M., 2013. Mental health differences between frequent cannabis users
with and without dependence and the general population. Addiction 108,
1459–1469.


	Solitary cannabis use in adolescence as a correlate and predictor of cannabis problems
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Procedures
	2.3 Measures
	2.3.1 Demographics
	2.3.2 Adolescent cannabis use and solitary cannabis use
	2.3.3 Adolescent and young adult DSM-IV CUD symptoms

	2.4 Data analyses

	3 Results
	3.1 Descriptive and cross-sectional results
	3.2 Solitary Cannabis Use in Adolescence and Young Adult Cannabis Use Disorder Symptoms

	4 Discussion
	Role of funding source
	Authors' contribution
	Conflict of interest
	References


