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ABSTRACT. Objective: Given the high prevalence of marijuana use
among college students, it is imperative to determine the factors that
may reduce risk of problematic marijuana use and/or the development
of cannabis use disorder. We examined marijuana protective behavioral
strategies (PBS) as a proximal predictor of marijuana-related outcomes
and a mediator of the associations between other known risk/protec-
tive factors and marijuana-related outcomes. Method: Using data
from a sample of 2,129 past-month marijuana users, collected from 11
universities in the United States, we examined marijuana PBS use as a
mediator of the effects of sex, age at first use, impulsivity-like traits,
and marijuana use motives on marijuana use frequency and marijuana-

related consequences. Results: Marijuana PBS was identified as a robust
negative predictor of marijuana use frequency and marijuana-related
consequences. Further, Marijuana PBS use fully or partially mediated
the effects of sex, premeditation, perseverance, coping motives, en-
hancement motives, conformity motives, and expansion motives on
marijuana outcomes. Conclusions: Our results suggest that marijuana
PBS use is a good candidate to be considered as a mechanism by which
marijuana users moderate their marijuana use and attenuate their risk of
experiencing marijuana-related consequences. (J. Stud. Alcohol Drugs,
78, 203–212, 2017)
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RATES OF MARIJUANA USE AND cannabis use dis-
order peak during traditional college years (ages 18–

25) in the U.S. (Farmer et al., 2015). In fact, about 30% of
college students report past-year prevalence of marijuana
use, and nearly 10% meet diagnostic criteria for cannabis
use disorder (Caldeira et al., 2008; Johnston et al., 2015).
In a recent study across 11 different U.S. universities,
Pearson and colleagues (2017) found that between 15.5%
and 38.7% (M = 26.2%) of college students report using
marijuana in the past month. Further, marijuana-related
negative consequences are prevalent with marijuana users
experiencing approximately eight distinct negative conse-
quences monthly (Pearson et al., 2017). Although there are
several known risk (e.g., earlier age at first use and coping
motives) and protective factors (e.g., self-regulation and
female sex) of problematic marijuana use, research needs

to go beyond examining only distal antecedents1 and
consider more proximal behaviors that may increase or
decrease the negative consequences from using marijuana.
Within the present study, we focus on marijuana protec-
tive behavioral strategies (PBS; Pedersen et al., 2016) as a
proximal factor expected to a) relate to both frequency of
marijuana use and marijuana-related negative consequenc-
es, and b) account for the effects of several known risk/
protective factors of problematic marijuana use.

Stemming from a harm reduction focus in the alcohol
field, much research has been conducted examining the use
of alcohol PBS, defined as “behaviors that are used im-

1We refer to these variables as “distal antecedents” to marijuana-
related outcomes to distinguish them from more “proximal
antecedents,” which tend to be variables that are less stable, more
malleable, and presumed to be more proximal in a causal chain
leading to marijuana-related outcomes.

University; Christopher J. Correia, Auburn University; Robert D. Dvorak,
University of Central Florida; Gregory A. Egerton, University at Buffalo;
John T. P. Hustad, Pennsylvania State University College of Medicine;
Tatyana Kholodkov, University of Wyoming; Kevin M. King, University
of Washington; Bruce S. Liese, University of Kansas; Bryan G. Messina,
Auburn University; James G. Murphy, The University of Memphis; Clayton
Neighbors, University of Houston; Xuan-Thanh Nguyen, University of
California, Los Angeles; Jamie E. Parnes, Colorado State University; Mat-
thew R. Pearson, University of New Mexico; Eric R. Pedersen, RAND; Mark
A. Prince, Colorado State University; Sharon A. Radomski, University at
Buffalo; Lara A. Ray, University of California, Los Angeles; and Jennifer P.
Read, University at Buffalo.



204 JOURNAL OF STUDIES ON ALCOHOL AND DRUGS / MARCH 2017

mediately prior to, during, and/or after drinking that reduce
alcohol use, intoxication, and/or alcohol-related harm”
(Pearson, 2013, p. 1030). Examples of alcohol PBS identi-
fied in previous work (Protective Behavior Strategies Survey;
Martens et al., 2005) include limiting/stopping drinking
(e.g., “Stop drinking at a predetermined time”), manner of
drinking (e.g., “Drink slowly, rather than gulp or chug”),
and serious harm reduction (e.g., “Know where your drink
has been at all times”). Within the college student alcohol
literature, increasing evidence suggests that PBS use is a
robust protective factor associated with lower alcohol-related
consequences (Pearson, 2013; Prince et al., 2013). Moreover,
alcohol PBS use has been found to mediate the effects of
multiple interventions (i.e., increased PBS use was related to
lower alcohol outcomes; Barnett et al., 2007; Dvorak et al.,
2015, 2016; Larimer et al., 2007; Murphy et al., 2012), pro-
viding some evidence that PBS use is a proximal mechanism
of changing one’s alcohol use and related outcomes (Prince
et al., 2013).

Recently, Pedersen and colleagues developed the Protec-
tive Behavioral Strategies for Marijuana (PBSM) scale to
probe marijuana PBS use (Pedersen et al., 2016). Similar
to alcohol PBS, marijuana PBS include strategies that are
related to limiting marijuana intake by setting consump-
tion limits (e.g., “Having a set amount of times you take
a hit of a marijuana joint”), avoiding behaviors that lead
to more intoxication than one would like (e.g., “Avoid us-
ing marijuana in concentrated form [e.g., hashish, hashish/
honey oil, kief, marijuana butter/oil] to avoid getting too
high”), and avoiding serious harm from impaired driving
(e.g., “Use a designated driver [i.e., someone who has not
used] after using marijuana”). In addition, marijuana PBS
include behaviors that minimize potential problems in
interpersonal relationships (e.g., “Avoid use while spend-
ing time with family”), reduce problems at work or school
(“Avoid using marijuana before work or school”), and pre-
vent legal troubles (e.g., “Avoid possibilities of legal reper-
cussions [e.g., smoke in a safe place like home, avoiding
having marijuana with you where you might get searched,
etc.]”). Taken together, if individuals effectively use PBS,
they could simultaneously decrease large amounts of
marijuana use and reduce the likelihood of experienc-
ing negative marijuana-related consequences. In support
of this notion, the PBSM was found to have a simple,
single-factor structure and correlate negatively with vari-
ous indicators of marijuana involvement among past-month
users (e.g., marijuana use frequency and consequences).
Although this study provides preliminary evidence that
marijuana PBS use is an important protective factor that
reduces marijuana-related harms (e.g., social-impersonal
consequences, impaired control, and risk behaviors), it is
the only quantitative study to date that has examined mari-
juana PBS use and replication is warranted.

Beyond just examining the PBS use-alcohol outcomes

link, multiple researchers have examined whether alcohol
PBS use mediates the associations between more distal
antecedents and alcohol-related outcomes (Pearson, 2013;
Prince et al., 2013). Recently, Bravo and colleagues (2015,
2016) were able to replicate the protective effect of alcohol
PBS use on alcohol outcomes, as well as most of the direct
effects of antecedent variables on alcohol PBS use, includ-
ing age at drinking onset (positive), drinking motives (neg-
ative), and impulsivity-like traits2 (negative; Bravo et al.,
2015, 2016). Similar to what has been found in the alcohol
field, male sex (Johnston et al., 2015), earlier age at first
use (Chen et al., 2009), impulsivity-like traits (Kaiser et
al., 2012; Robinson et al., 2014; Wardell et al., 2016), and
marijuana use motives (Simons et al., 1998; Zvolensky et
al., 2007) have all been shown to be risk factors associated
with increased marijuana use, consequences, and/or depen-
dence. However, given the nascence of the marijuana PBS
field, no studies have examined whether marijuana PBS use
mediates the associations between these antecedents and
marijuana-related outcomes.

Purpose of study

The purpose of the present study is to extend research
on the associations between distal antecedents, marijuana
PBS use, and marijuana outcomes among college student
marijuana users. Although a large alcohol PBS field sug-
gests that alcohol PBS use mediates the effects of a wide
range of distal antecedents on alcohol-related outcomes,
it is unknown whether marijuana PBS use would operate
similarly. Based on mediation findings in the alcohol PBS
literature (Bravo et al., 2015, 2016) and preliminary find-
ings that marijuana PBS use is a protective factor associ-
ated with reduced marijuana-related harm (Pedersen et al.,
2016), we expected that the associations between distal an-
tecedents (i.e., sex, age at first use, impulsivity-like traits,
and marijuana use motives) and marijuana outcomes (i.e.,
marijuana use frequency and consequences) would be me-
diated by marijuana PBS use. Generally, we expected that
“protective” factors (e.g., female sex, premeditation, and
perseverance) that are associated with greater marijuana
PBS use would in turn be associated with less frequent
marijuana use and fewer related consequences, whereas
“risk” factors (e.g., younger age at first use, coping mo-
tives) associated with less marijuana PBS use would in
turn be associated with greater marijuana use frequency
and more related consequences.

2Impulsivity-like traits are distinct constructs that contribute to
impulsive behaviors: sensation seeking, urgency (positive and
negative), planning, and persistence. These facets have been shown
to be distinct traits of impulsivity and demonstrate different aspects
of risky behaviors and clinical utility (Smith et al., 2007; Whiteside
& Lynam, 2001).
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Method

Participants and procedure

Participants were college students recruited from Psychol-
ogy Department Participant Pools at 11 participating uni-
versities in the United States between fall 2015 and spring
2016. Participants completed an online survey examining
the correlates of marijuana use among college students and
received research participation credit on completion. For
the present study, data only from students who consumed
marijuana at least 1 day in the previous month (n = 2,129)
were included in the final analysis from a larger sample (n
= 8,141, 66.9% female; see Pearson et al., 2017, for more
information about the larger sample). Among college stu-
dent marijuana users, the majority of participants identified
as being either White, non-Hispanic (n = 1,285; 60.4%), or
of Hispanic/Latino ethnicity (n = 390; 18.3%), were female
(n = 1,260; 59.2%), and reported a mean age at 19.95 (SD
= 3.66) years. The study was approved by the institutional
review boards at the participating institutions.

Measures

Age at first use. Age at first use was assessed with a single
item: “How old were you the first time you used marijuana?”

Impulsivity-like traits. Impulsivity-like traits were assessed
using the 59-item UPPS-P, which combines the 14-item Posi-
tive Urgency Measure (Cyders et al., 2007) with the 45-item
Urgency Premeditation Perseverance Sensation Seeking
Impulsive Behavior Scale (Whiteside & Lynam, 2001). The
UPPS-P assesses five distinct impulsivity-like traits (each
individually examined in our models): negative urgency (12
items; α = .87), premeditation (11 items; α = .84), persever-
ance (10 items; α = .79), sensation seeking (12 items; α =
.83); and positive urgency (14 items; α = .92). All items were
measured on a 4-point response scale (1 = strongly disagree,
2 = disagree, 3 = agree, 4 = strongly agree). Items were aver-
aged for each trait and higher scores on premeditation and
perseverance represent less impulsivity, whereas higher scores
on positive urgency, negative urgency, and sensation seeking
represent more impulsivity. An examination of the psycho-
metric properties of the measure revealed that the UPPS-P
exhibited good psychometric properties and is an accurate
and valid measure of impulsivity (Lynam et al., 2006).

Marijuana use motives. Marijuana use motives were as-
sessed using the 25-item Marijuana Motives Questionnaire
(MMQ; Simons et al., 1998). The MMQ assesses five dis-
tinct marijuana motives: enhancement (five items; α = .86),
conformity (five items; α = .89), expansion (five items; α =
.92), coping (five items; α = .89), and social motives (five
items; α = .87). Each item is rated on a 5-point Likert-type
scale (1 = almost never/never to 5 = almost always/always).
Items were averaged for each distinct motive so that higher

scores indicate greater endorsement of a specific marijuana
use motive. An examination of the psychometric properties
of the measure revealed that the MMQ exhibited good psy-
chometric properties and is an accurate and valid measure of
marijuana use motives (Zvolensky et al., 2007).

Marijuana protective behavioral strategies. Marijuana
PBS use was assessed using the 39-item version of the
PBSM (Pedersen et al., 2016) scale. This measure consists
of behaviors individuals report engaging in while using mari-
juana to reduce marijuana-related problems (e.g., “avoid us-
ing marijuana in public places”). Items are rated on a 6-point
Likert-type scale (1 = never to 6 = always). Items were
averaged so that a higher score indicates higher marijuana
PBS use (α = .96). Within their initial psychometric study,
Pedersen and colleagues found support for criterion-related
validity by finding moderate (negative) relationships between
PBS and marijuana outcomes (e.g., cannabis use disorder
symptoms) as well as convergent validity by finding moder-
ate (positive) associations between the PBSM and the most
widely used PBS measure (the Protective Behavior Strategies
Survey; Martens et al., 2005) in the alcohol literature.

Marijuana use frequency. Marijuana use frequency was
assessed using a high-definition measure patterned from the
Daily Drinking Questionnaire (Collins et al., 1985). Specifi-
cally, each day of the week was broken down into six 4-hour
blocks of time (midnight–4 A.M., 4 A.M.–8 A.M., 8 A.M.–noon,
etc.), and participants were asked to report at which times
they used marijuana during a “typical week” in the past 30
days. We calculated typical frequency of marijuana use by
summing the total number of time blocks for which they
reported using during the typical week (range: 0–42). The
initial measure has shown adequate reliability and validity
in previous research (Dvorak & Day, 2014).

Marijuana-related consequences. Marijuana-related
consequences were assessed using a checklist version of the
50-item Marijuana Consequences Questionnaire (MACQ;
Simons, et al., 2012). The MACQ assesses eight domains
of marijuana consequences experienced in the past 30 days
(0 = no, 1 = yes): social-interpersonal consequences (six
items), impaired control (six items), negative self-perception
(five items), self-care (nine items), risk behaviors (eight
items), academic/occupational consequences (five items),
physical dependence (four items), and blackout use (seven
items). We summed all items to create a marijuana-related
problems total score reflective of the number of distinct
problems experienced in the past 30 days (α = .96). Previ-
ous research supports the test-retest reliability, convergent,
and discriminant validity of the MACQ as a measure of
marijuana-related problems (Simons et al., 2012).

Statistical analysis

To determine which distal constructs uniquely (i.e., con-
trolling for other distal antecedents) relate to marijuana PBS



206 JOURNAL OF STUDIES ON ALCOHOL AND DRUGS / MARCH 2017

use and marijuana outcomes, we conducted a comprehensive
structural equation model (SEM) in which the proposed
distal antecedents (i.e., age at first use, sex, impulsivity-like
traits, and motives) were modeled as predictors of marijuana-
related consequences via marijuana PBS use and marijuana
use frequency (e.g., age at first use % marijuana PBS use %
marijuana use frequency % marijuana-related consequenc-
es). To test the comprehensive model, structural equation
modeling using Mplus 7.4 (Muthén & Muthén, 1998–2012)
was conducted.

To evaluate overall model fit, we used model fit criteria
suggested by Hu and Bentler (1999) including the com-
parative fit index (CFI) > .95, Tucker–Lewis index (TLI) >
.95, root mean square error of approximation (RMSEA) <
.06, and standardized root mean square residual (SRMR)
< .08. To reduce the complexity of the model, we followed
the item-to-construct balance approach described by Little
and colleagues (2002) by creating parcels for impulsivity-
like traits, marijuana PBS use, and marijuana-related
consequences. We first confirmed and then extracted a
single factor in exploratory factor analyses for each latent
construct, sorted the items from highest to lowest factor
loadings, and created three to five balanced parcels by pair-
ing items with the highest factor loadings with items with
the lowest factor loadings. A supplementary table of the
correlations among the parcels and items used as indicators
of the latent factors in the model are available from the au-
thors on request.

We examined the total, direct, and indirect effects of
each predictor variable on outcomes using bias-corrected
bootstrapped estimates (Efron & Tibshirani, 1993) based on
10,000 bootstrapped samples, which provides a powerful test
of mediation (Fritz & MacKinnon, 2007) and is robust to
small departures from normality (Erceg-Hurn & Mirosevich,
2008). Parameters were estimated using maximum likelihood

estimation, and missing data were handled using full infor-
mation maximum likelihood, which is more efficient and has
less bias than alternative procedures (Enders, 2001; Enders
& Bandalos, 2001). Given our large sample size (i.e., large
statistical power), statistical significance was determined by
99% bias-corrected bootstrapped confidence intervals that do
not contain zero. Moreover, given our large statistical power
we place emphasis on effect sizes of significant direct and
indirect results.

Results

All bivariate correlations and descriptive statistics among
distal antecedents, marijuana PBS use, and marijuana out-
comes in the comprehensive model are summarized in Table
1. All total, direct, and indirect associations are shown in Ta-
ble 2. After item parceling, the SEM provided an acceptable
fit to the data based on most fit indices (CFI = .928; TLI =
.919; RMSEA = .046, 90% CI [.045, .047], SRMR = .049).
The significant model chi-square, '2(1, 223) = 6,746.04, p
< .001, would suggest poor model fit; however, the model
chi-square is highly sensitive to sample size (Jöreskog &
Sörbom, 1993; Kline, 1998).

Marijuana PBS use and marijuana-related outcomes

Marijuana PBS use was significantly negatively associated
with marijuana use frequency () = -.47) and marijuana-re-
lated consequences () = -.26), and marijuana use frequency
was significantly positively associated with marijuana-related
consequences () = .19). As expected by these direct associa-
tions, marijuana use frequency significantly mediated the as-
sociations between marijuana PBS use and marijuana related
consequences (indirect ) = -.09) accounting for 25.38% of
the total effect.

TABLE 1. Bivariate correlations among distal antecedents, marijuana PBS use, and marijuana outcomes in the comprehensive model

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. M or % SD

1. Sex 60% –
2. Age at first use .04 16.45 5.99
3. Premeditation .02 .05 2.87 0.40
4. Perseverance -.02 .04 .47 2.89 0.40
5. Sensation seeking -.24 -.03 -.04 .21 2.85 0.47
6. Positive urgency -.12 -.02 -.31 -.32 .19 2.06 0.51
7. Negative urgency .06 -.02 -.25 -.35 .10 .66 2.38 0.49
8. Social motives .04 -.04 .03 .02 .06 .18 .13 2.67 1.05
9. Coping motives .07 -.02 -.02 -.09 -.05 .26 .30 .53 2.20 1.05
10. Enhancement motives -.04 -.05 .04 .05 .18 .02 .05 .49 .28 3.65 0.98
11. Conformity motives -.09 -.02 -.10 -.12 -.05 .31 .17 .33 .35 -.07 1.48 0.77
12. Expansion motives -.07 -.05 .01 -.04 .09 .19 .13 .43 .50 .35 .29 2.44 1.16
13. Marijuana PBS use .14 .10 .22 .19 -.02 -.14 -.11 -.13 -.22 -.14 -.06 -.21 4.15 0.94
14. Marijuana use frequency -.13 -.06 -.04 -.06 .03 .03 .02 .16 .24 .23 -.03 .28 -.48 5.76 6.92
15. Marijuana consequences -.14 -.10 -.16 -.17 .02 .21 .25 .15 .28 .11 .18 .21 -.40 .35 8.91 7.83

Notes: Sex was coded 0 = male, 1 = female. Significant correlations are in bold typeface for emphasis and were determined by a 99% bias-corrected boot-
strapped confidence interval (based on 10,000 bootstrapped samples) that does not contain zero.
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Direct and indirect effects of sex on marijuana-related
outcomes

Sex was significantly positively associated with marijua-
na PBS use () = .16; women reported higher PBS use) and
significantly negatively associated with both marijuana use
frequency () = -.07) and marijuana-related consequences
() = -.10; women reported lower marijuana use frequency
and consequences). As could be expected by these direct
associations, marijuana PBS use significantly mediated the
associations between sex and marijuana use frequency (in-
direct ) = -.08) accounting for 53.42% of the total effect,
and the associations between sex and marijuana-related
consequences (indirect ) = -.04), accounting for 24.60%
of the total effect. Further, the double-mediated association
(i.e., sex % marijuana PBS use % marijuana use frequency
% marijuana-related problems) was significant (indirect )
= -.01), accounting for 8.38% of the total effect.

Direct and indirect effects of age at first use on marijuana-
related outcomes

Despite significant (although weak) bivariate correla-
tions, age at first use did not have a significant direct as-
sociation with marijuana PBS use, marijuana use frequency,
or marijuana-related consequences when examined in the
comprehensive model.

Direct and indirect effects of impulsivity-like traits on
marijuana-related outcomes

Of the five impulsivity-like traits, only premeditation
() = .18) and perseverance () = .11) were significantly as-
sociated with marijuana PBS use; however, neither were
directly significantly associated with marijuana outcomes.
Marijuana PBS use significantly mediated the associations
between premeditation and marijuana use frequency (indi-
rect ) = -.08; fully mediated) and the associations between
premeditation and marijuana-related consequences (indi-
rect ) = -.05), accounting for 45.71% of the total effect.
Further, the double-mediated association (i.e., premedita-
tion % marijuana PBS use % marijuana use frequency %
marijuana-related problems) was significant (indirect ) =
-.02), accounting for 15.67% of the total effect. Similarly,
marijuana PBS use significantly mediated the associations
between perseverance and marijuana use frequency (in-
direct ) = -.05) accounting for 57.96% of the total effect,
and the associations between perseverance and marijuana-
related consequences (indirect ) = -.03), accounting for
55.66% of the total effect. However, the double-mediated
association (i.e., perseverance % marijuana PBS use %
marijuana use frequency % marijuana-related problems)
was not significant. The only significant direct association
between impulsivity-like traits and marijuana outcomes

was found between negative urgency and marijuana-related
consequences () = .23). Positive urgency and sensation
seeking did not have uniquely significant direct associa-
tions with marijuana PBS use, marijuana use frequency, or
marijuana-related consequences (Table 2).

Marijuana use motives

Coping motives was significantly negatively associated
with marijuana PBS use () = -.22) and significantly posi-
tively associated with both marijuana use frequency () =
.10) and marijuana-related consequences () = .11). Marijua-
na PBS use significantly mediated the associations between
coping motives and marijuana use frequency (indirect ) =
.10) accounting for 49.83% of the total effect, and the asso-
ciations between coping motives and marijuana-related con-
sequences (indirect ) = .06), accounting for 26.82% of the
total effect. Further, the double-mediated association (i.e.,
coping motives % marijuana PBS use % marijuana use
frequency % marijuana-related problems) was significant
(indirect ) = .02), accounting for 9.04% of the total effect.

Expansion motives was significantly negatively associ-
ated with marijuana PBS use () = -.13) and significantly
positively associated with marijuana use frequency () =
.13). Marijuana PBS use significantly mediated the as-
sociations between expansion motives and marijuana use
frequency (indirect ) = .06) accounting for 32.49% of the
total effect, and the associations between expansion mo-
tives and marijuana-related consequences (indirect ) =
.03), accounting for 47.01% of the total effect. Further, the
double-mediated association (i.e., expansion motives %
marijuana PBS use % marijuana use frequency % mari-
juana-related problems) was significant (indirect ) = .01),
accounting for 16.42% of the total effect.

Counterintuitively, conformity motives were significant-
ly positively associated with marijuana PBS use () = .10)
and marijuana-related consequences () = .12) but signifi-
cantly negatively associated with marijuana use frequency
() = -.10). Marijuana PBS use significantly mediated the
associations between conformity motives and marijuana
use frequency (indirect ) = -.05) accounting for 32% of
the total effect, and the associations between coping mo-
tives and marijuana-related consequences (indirect ) =
-.03), accounting for 42.62% of the total effect. However,
the double-mediated association (i.e., conformity motives
% marijuana PBS use % marijuana use frequency %
marijuana-related problems) was not significant. Enhance-
ment motives had a uniquely significant positive direct ef-
fect on marijuana use frequency () = .08) but did not have
uniquely significant direct associations with marijuana PBS
use and marijuana-related consequences. Social motives
did not have uniquely significant direct associations with
marijuana PBS use, marijuana use frequency, and marijua-
na-related consequences.
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TABLE 2. Summary of total, indirect, and direct effects of distal antecedents and marijuana protective behavioral strategy (PBS) use on marijuana
outcomes in a comprehensive model

Outcome variables

Marijuana Marijuana use Marijuana related
PBS use frequency consequences

Predictor variable ) [99% CI] ) [99% CI] ) [99% CI]

Sex
Total .16 [.10, .22] -.14 [-.20, -.08] -.17 [-.23, -.11]
Total indirecta – – -.08 [-.11, -.05] -.07 [-.09, -.04]

Marijuana PBS use – – -.08 [-.11, -.05] -.04 [-.06, -.02]
Marijuana use frequency – – – – -.01 [-.02, -.00]
Marijuana PBS use –

marijuana use frequency – – – – -.01 [-.02, -.01]
Direct .16 [.10, .22] -.07 [-.12, -.01] -.10 [-.16, -.04]

Age at first use
Total .07 [-.07, .21] -.04 [-.15, .08] -.08 [-.19, .03]
Total indirecta – – -.03 [-.10, .03] -.03 [-.08, .03]

Marijuana PBS use – – -.03 [-.10, .03] -.02 [-.05, .02]
Marijuana use frequency – – – – -.00 [-.01, .01]
Marijuana PBS use –

marijuana use frequency – – – – -.01 [-.02, .01]
Direct .07 [-.07, .21] -.00 [-.06, .06] -.06 [-.12, .01]

Premeditation
Total .18 [.09, .27] -.04 [-.12, .05] -.10 [-2.10, .10]
Total indirecta – – -.08 [-.13, -.04] -.05 [-.01, -.02]

Marijuana use frequency – – – – .01 [-1.27, .37]
Marijuana PBS use –

marijuana use frequency – – – – -.02 [-.03, -.01]
Direct .18 [.09, .27] .05 [-.03, .12] -.05 [-.15, .05]

Perseverance
Total .11 [.01, .20] -.09 [-.18, .01] -.05 [-.15, .05]
Total indirecta – – -.05 [-.10, -.00] -.04 [-.08, -.01]

Marijuana PBS use – – -.05 [-.10, -.00] -.03 [-.05, -.00]
Marijuana use frequency – – – – -.01 [-.02, .01]
Marijuana PBS use –

marijuana use frequency – – – – -.01 [-.02, .00]
Direct .11 [.01, .20] -.04 [-.12, .05] -.01 [-.10, .09]

Sensation seeking
Total .01 [-.06, .09] -.01 [-.08, .07] -.02 [-.11, .06]
Total indirecta – – -.01 [-.04, .03] -.01 [-.01, .01]

Marijuana PBS use – – -.01 [-.04, .03] .00 [-.02, .02]
Marijuana use frequency – – – – -.00 [-.42, .34]
Marijuana PBS use –

marijuana use frequency – – – – -.00 [-.01, .01]
Direct .01 [-.06, .09] -.00 [-.07, .07] -.02 [-.10, .06]

Positive urgency
Total -.02 [-.12, .09] -.03 [-.13, .08] -.08 [-.19, .03]
Total indirecta – – .01 [-.04, .06] .00 [-.04, .04]

Marijuana PBS use – – .01 [-.04, .06] .00 [-.02, .03]
Marijuana use frequency – – – – -.01 [-.02, .01]
Marijuana PBS use –

marijuana use frequency – – – – .00 [-.01, .01]
Direct -.02 [-.12, .09] -.03 [-.12, .06] -.08 [-.18, .03]

Negative urgency
Total .05 [-.05, .16] -.06 [-.16, .04] .21 [.09, .32]
Total indirecta – – -.03 [-.07, .02] -.02 [-.06, .02]

Marijuana PBS use – – -.03 [-.07, .02] -.01 [-.04, .01]
Marijuana use frequency – – – – -.01 [-.02, .01]
Marijuana PBS use –

marijuana use frequency – – – – -.01 [-.01, .01]
Direct .05 [-.05, .16] -.03 [-.13, .06] .23 [.13, .33]

Social motives
Total -.03 [-.11, .06] .00 [-.09, .09] -.02 [-.11, .07]
Total indirecta – – .01 [-.03, .05] .01 [-.04, .04]

Marijuana PBS use – – .01 [-.03, .05] .01 [-.02, .03]
Marijuana use frequency – – – – -.00 [-.02, .01]
Marijuana PBS use –

marijuana use frequency – – – – .00 [-.01, .01]
Direct -.03 [-.11, .06] -.01 [-.09, .07] -.03 [-.11, .05]

Table continued
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TABLE 2. Continued

Outcome variables

Marijuana Marijuana use Marijuana related
PBS use frequency consequences

Predictor variable ) [99% CI] ) [99% CI] ) [99% CI]

Coping motives
Total -.22 [-.30, -.14] .20 [.12, .29] .21 [.13, .29]
Total indirecta – – .10 [.07, .14] .09 [.06, .13]

Marijuana PBS use – – .10 [.07, .14] .06 [.03, .08]
Marijuana use frequency – – – – .02 [.00, .04]
Marijuana PBS use –

marijuana use frequency – – – – .02 [.01, .03]
Direct -.22 [-.30, -.14] .10 [.03, .18] .11 [.04, .19]

Enhancement motives
Total -.06 [-.16, .03] .11 [.03, .19] .04 [-.05, .12]
Total indirecta – – .03 [-.02, .08] .04 [.00, .07]

Marijuana PBS use – – .03 [-.02, .08] .02 [-.01, .04]
Marijuana use frequency – – – – .02 [-.00, .03]
Marijuana PBS use –

marijuana use frequency – – – – .01 [-.00, .01]
Direct -.06 [-.16, .03] .08 [.01, .16] -.00 [-.08, .08]

Conformity motives
Total .10 [.02, .19] -.15 [-.23, -.07] .06 [-.04, .16]
Total indirecta – – -.05 [-.09, -.01] -.05 [-.09, -.02]

Marijuana PBS use – – -.05 [-.09, -.01] -.03 [-.05, -.00]
Marijuana use frequency – – – – -.02 [-.03, -.00]
Marijuana PBS use –

marijuana use frequency – – – – -.01 [-.02, .00]
Direct .10 [.02, .19] -.10 [-.18, -.03] .12 [.03, .21]

Expansion motives
Total -.13 [-.19, -.06] .19 [.11, .27] .07 [.00, .14]
Total indirecta – – .06 [.03, .10] .07 [.04, .10]

Marijuana PBS use – – .06 [.03, .10] .03 [.01, .06]
Marijuana use frequency – – – – .02 [.01, .04]
Marijuana PBS use –

marijuana use frequency – – – – .01 [.00, .02]
Direct -.13 [-.19, -.06] .13 [.06, .20] .00 [-.07, .07]

PBS use
Total – – -.47 [-.53, -.41] -.35 [-.41, -.28]
Total indirect

(marijuana use frequency) – – – – -.09 [-.13, -.05]
Direct – – -.47 [.53, -.41] -.26 [-.34, -.17]

Notes: Significant associations are in bold typeface for emphasis and were determined by a 99% bias-corrected unstandardized bootstrapped confi-
dence interval (based on 10,000 bootstrapped samples) that does not contain zero. aReflects the combined indirect associations via marijuana PBS
use, marijuana use frequency, marijuana PBS use via marijuana use frequency.

Discussion

The present study examined the direct effects of several
risk and protective factors of marijuana related outcomes,
and examined marijuana PBS use as a potential mediator
of the associations between these risk/protective factors and
marijuana-related outcomes. As the legal status of marijuana
use has begun to shift, researchers have begun to question
which scientific findings that have been explored with other
substances will translate to marijuana. For example, there
is a large body of literature establishing a robust negative
relationship between PBS use and alcohol use and related
consequences (Pearson, 2013; Prince et al., 2013); however,
research on PBS use aimed at reducing marijuana outcomes
is in its infancy. As such, it was an important first step to

establish that our findings are consistent with Pedersen et al.
(2016) in that marijuana PBS use was associated with lower
marijuana use frequency and experiencing fewer marijuana-
related consequences.

Next, a principle aim of the present study was to exam-
ine whether certain risk and protective factors for alcohol
outcomes serve the same function for marijuana outcomes
through examining direct associations in the context of a
comprehensive SEM. We found significant direct effects for
(a) sex, coping motives, conformity motives, and marijuana
PBS use for both marijuana use frequency and marijuana-re-
lated consequences; (b) enhancement motives and expansion
motives for marijuana use frequency but not marijuana-
related consequences; and (c) negative urgency for marijua-
na-related consequences but not marijuana use frequency.
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For age at first use, premeditation, perseverance, sensation
seeking, positive urgency, and social motives, neither the
direct effects to marijuana use frequency nor marijuana-
related consequences were significant. This pattern of find-
ings could be explained, in part, by our implementation of
a comprehensive model (Bravo et al., 2016). Indeed, for a
direct effect to remain significant it would need to explain
unique variance in the outcome over and above the other
predictor variables. However, given our large sample size, we
had sufficient power to run a comprehensive model, which
has the advantage of testing many effects simultaneously and
providing insights into the unique strength of each predictor
variable while controlling for the other predictor variables.

To summarize our direct effects, nearly all effects were
in the expected direction with risk factors being associated
with greater marijuana use frequency and more marijuana-
related consequences and protective factors being associated
with less frequent marijuana use and fewer marijuana-related
consequences. Consistent with previous research, conformity
motives was actually associated with less marijuana use
(Zvolensky et al., 2007). Moreover, we found that risk fac-
tors for marijuana use (e.g., coping motives) were associated
with using fewer marijuana PBS and protective factors for
marijuana use (e.g., premeditation) were associated with us-
ing more marijuana PBS.

Importantly, marijuana PBS use partially mediated the
associations between several risk/protective factors and
marijuana-related outcomes. Specifically, marijuana PBS
fully or partially mediated the effects of sex, premedita-
tion, perseverance, coping motives, enhancement motives,
conformity motives, and expansion motives on marijuana
outcomes. These results are consistent with recent replication
attempts in the alcohol PBS literature demonstrating alcohol
PBS use as a mediator between age at drinking onset, drink-
ing motives, impulsivity-like traits, and alcohol outcomes
(Bravo et al., 2015, 2016). Taken together, marijuana PBS is
not only a robust predictor of marijuana use frequency and
marijuana-related consequences but also a good candidate
to be considered as a mechanism by which marijuana us-
ers moderate their marijuana use and attenuate their risk of
experiencing marijuana-related consequences.

Clinical implications

The present study has a number of important clinical
implications. Based on the current sample, we can identify
certain characteristics that might be particularly good targets
for marijuana PBS-based intervention efforts. For example,
our results indicate that female college students tend to use
marijuana less often, experience fewer marijuana-related
consequences, and use more marijuana PBS. On the one
hand, these results suggest that female college students seek-
ing help for their marijuana use may be receptive to mari-
juana PBS in the context of a marijuana intervention. On

the other hand, it may be men who would benefit most from
increasing their marijuana PBS use, given the strong nega-
tive association between marijuana PBS use and marijuana
use and related consequences. Similarly, those who tend to
use marijuana for coping motives or expansion motives may
also benefit from an intervention targeting marijuana PBS
use.

Limitations

The present study should be considered in light of its
limitations. First, this was a cross-sectional study, which
precludes any causal inferences to be drawn from the results.
Second, the present sample, although large, may not be rep-
resentative of all college student marijuana users nationwide
as the sample was collected from participant pools from 11
universities. Third, unlike many alcohol studies, we looked
at frequency of marijuana use but not quantity of marijuana
use. This decision was made in part because of the chal-
lenges of standardizing the quantity of marijuana use. Last,
marijuana PBS use as measured by the PBSM is focused
more on avoidance strategies than the most common alcohol
measure (i.e., the Protective Behavior Strategies Survey;
Martens et al., 2005), which may weaken direct comparisons
between marijuana PBS studies and alcohol PBS studies.

Conclusions

The present study identified marijuana PBS as a robust
predictor of marijuana use frequency and marijuana-related
consequences, as well as establishing preliminary evidence
for marijuana PBS as a mediator of a variety of risk/protec-
tive factors of marijuana outcomes. These results have a
variety of clinical implications, including supporting the
potential benefit of a marijuana PBS-focused intervention
for college student marijuana users. The present study iden-
tified that most (but not all) distal antecedents of marijuana
outcomes were significant in the comprehensive model,
suggesting that future studies should continue to elucidate
total and unique effects of specific antecedents on marijuana-
related outcomes. Although the present study provides some
preliminary insights into the role of marijuana PBS use in
the relationship between distal antecedents and marijuana
use frequency and marijuana-related consequences, more re-
search is needed to replicate and extend the current findings.
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