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ABSTRACT. Objective: Impulsivity is associated with increased 
marijuana use and subsequent marijuana-related problems among 
marijuana users. In addition, single nucleotide polymorphisms (SNPs) 
in the cannabinoid receptor 1 (CNR1) and fatty acid amide hydrolase 
(FAAH) genes have been associated with cannabis-related phenotypes. 
This exploratory study tested whether the association between different 
aspects of impulsivity and the number of marijuana-related problems 
among users is explicated by variation in these putative cannabinoid-
related genes. Method: A total of 151 young adult regular marijuana 
users (used on M = 41.4% of the prior 60 days, SD = 24.3%) provided 
DNA and completed measures of trait (Barratt Impulsiveness Scale) 
and behavioral impulsivity (Stop Signal Task and Delay Discounting 
Questionnaire), as well as a self-report of marijuana-related problems. 
Three CNR1 and fi ve FAAH SNPs were genotyped, tested for haplotype 
blocks, and subsequently examined for association with phenotypes 

described above. Results: CNR1 variation signifi cantly moderated the 
association between trait-level, but not behavioral, impulsivity and 
marijuana-related problems, such that the combination of higher trait 
impulsivity and CNR1 variation was associated with a greater number of 
marijuana-related problems. In contrast, there were no signifi cant FAAH 
by impulsivity interactions; however, there was a main effect of FAAH 
on marijuana-related problems. Conclusions: These fi ndings support an 
association with CNR1 and FAAH genes and marijuana-related problems 
among regular marijuana users. CNR1 variation emerged as a moderator 
of the relationship between trait impulsivity and marijuana problems, 
thus suggesting that marijuana users with CNR1 risk variants and a 
higher trait impulsivity are at greater risk for developing marijuana-
related problems and supporting a role for CNR1 in a broader impulsivity 
phenotype. (J. Stud. Alcohol Drugs, 74, 867–878, 2013)
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MARIJUANA IS THE MOST COMMONLY USED il-
licit drug for individuals ages 12 and older (Substance 

Abuse and Mental Health Services Administration, 2009). 
Although marijuana use has been associated with behavioral 
problems, such as motor vehicle accidents (Drummer et al., 
2004; Ramaekers et al., 2000) and risky sexual behaviors 
(Costa et al., 1996; Fernández et al., 2004), only some 
marijuana users go on to develop use-related problems and 
dependence. However, much remains unknown about indi-
vidual differences that characterize persons most vulnerable 
to the development of problem cannabis use.

Impulsivity and marijuana

 There is strong evidence that impulsivity predicts in-
creased consumption and subsequent use-related negative 
consequences across a variety of substances and has thus 
been proposed as a putative mechanism in the development 
of problematic use (de Wit, 2009; Reynolds, 2006). Impul-
sivity has been assessed using a variety of measures, includ-
ing both personality questionnaires and behavioral tasks, 
refl ecting separable components of impulsivity (Reynolds 
et al., 2006). For example, self-report measures of impul-
sivity-related personality traits do not correlate highly with 
behavioral measures of impulsivity, thus showing a distinct 
trait-level impulsivity construct (Mitchell, 1999; Reynolds et 
al., 2004, 2006). 
 Further, factor analyses support separation among be-
havioral tasks, supporting at least two components of be-
havioral impulsivity (Reynolds et al., 2006): (a) ‘‘impulsive 
disinhibition’’ or inhibitory control (e.g., the ability to inhibit 
a prepotent response as measured by the Stop Task [Logan 
et al., 1997]) and (b) “impulsive decision-making” (e.g., 
the valuation of delayed rewards as measured by the Delay 
Discounting Questionnaire [DDQ; Richards et al., 1999]). 
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Numerous studies demonstrate higher levels of impulsivity 
in marijuana users on a variety of trait measures (Hayaki et 
al., 2011), behavioral tasks measuring impulsive disinhibi-
tion (e.g., Ramaekers et al., 2006), and impulsive decision 
making (e.g., Reynolds, 2006; Whitlow et al., 2004). Further, 
higher levels of trait impulsivity have been specifi cally as-
sociated with increased marijuana misuse and related prob-
lems among young adult marijuana users (Day et al., 2013; 
Hayaki et al., 2011). However, in both studies, impulsive 
personality traits explained less than 5% of the variance in 
marijuana problems, suggesting that other factors contribute 
to the development of problematic use.

CNR1 genetic variation and marijuana-related phenotypes

 Genetic variation in the cannabinoid receptor 1 (CNR1) 
gene has been associated with cannabis dependence 
(Agrawal et al., 2008; Comings et al., 1997; Hopfer et al., 
2006) and related phenotypes (Filbey et al., 2010; Haughey 
et al., 2008), as well as with substance use phenotypes more 
generally (e.g., Benyamina et al., 2011; Comings et al., 
1997; Hopfer et al., 2006; Hutchison et al., 2008; Zhang 
et al., 2004; Zuo et al., 2007). Although no studies have 
directly examined the role of CNR1 in the relationship be-
tween impulsivity and substance-related outcomes, one study 
reported signifi cant associations with individual CNR1 single 
nucleotide polymorphisms (SNPs; rs1535255, rs2023239, 
rs1049353, and rs806368) and impulsive personality traits 
in a population of southwest California Indians (Ehlers et 
al., 2007). Thus, there is preliminary support for the idea 
that CNR1 may also be related to impulsivity phenotypes 
(Lopez-Moreno et al., 2012), which are closely linked with 
problem substance use (de Wit, 2009; Reynolds, 2006). 
 Taken together, these fi ndings suggest that associations 
among impulsivity and marijuana-related outcomes may 
depend on CNR1 genetic variation. Thus, one potential 
pathway to marijuana-related problems may be via an inter-
action with individual differences in impulsivity and CNR1 
genetic variation. However, this association has not been 
directly tested. Further, a critical step is to examine CNR1 
variation in relation to distinctive components of impulsivity 
that putatively play a role in the development of substance 
use–related problems (e.g., trait level, behavior disinhibition, 
and impulsive decision-making).

FAAH genetic variation and marijuana-related phenotypes

 Although substantially more research efforts have been 
devoted to examining CNR1 associations with marijuana-
related phenotypes, another candidate is the fatty acid amide 
hydrolase (FAAH) gene. FAAH encodes for fatty acid amide 
hydrolase, the main enzyme responsible for degradation of 
the major endocannabinoid anandamide (Ben-Shabat et al., 
1998; Muccioli, 2010), and variation in this gene affects 

local endocannabinoid levels (Basavarajappa and Hungund, 
2002; Cravatt et al., 2001). Despite its biological relevance, 
only a handful of studies have examined FAAH in relation to 
cannabis phenotypes. The C allele of the rs324420 SNP has 
been associated with the increased likelihood of progression 
to cannabis dependence (Tyndale et al., 2007) (according 
to criteria from the Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition; DSM-IV; American Psy-
chiatric Association, 1994), increased craving after marijuana 
abstinence (Haughey et al., 2008), and increased severity of 
withdrawal symptoms after 24-hour abstinence (Schacht et 
al., 2009).
 Thus, the existing literature provides strong, but limited, 
evidence for the relevance of FAAH to marijuana depen-
dence–related phenotypes. In the current study, we sought 
to examine FAAH in relation to marijuana-related problems, 
a phenotype that captures problem use and may precede 
dependence. Although studies have yet to examine FAAH in 
relation to impulsivity, given its prior association with can-
nabis dependence–related phenotypes, we also explored the 
role of FAAH variation in the associations among impulsivity 
measures and marijuana-related problems.

Polymorphism selection and haplotypes

 Numerous polymorphisms exist in the CNR1 gene, and 
a haplotype of markers associated with reduced transcrip-
tion has been identifi ed within this gene (Zhang et al., 
2004). Many reports have focused on a particular SNP 
(rs2023239) (e.g., Haughey et al., 2008; Zhang et al., 
2004), which has been associated with marijuana expectan-
cies (Metrik et al., 2005). However, results for this SNP 
have not been uniformly consistent (e.g., Hartman et al., 
2009) and, thus, the literature has not converged on a sin-
gle putative CNR1 risk allele. To capitalize on knowledge 
gained from the existing literature and also in an attempt to 
more fully characterize the CNR1 gene, three specifi c poly-
morphisms were selected in the CNR1 gene—rs2023239 
(intronic), rs1049353 (exonic and synonymous), and 
rs806368 (3′ untranslated region)—based on prior evidence 
for association with marijuana-related phenotypes (e.g., 
Hartman et al., 2009; Haughey et al., 2008; Hopfer et al., 
2007; Zhang et al., 2004).
 A similar strategy was used (in combination with Hap-
Map [using an r2 of at least .80 and a minor allele frequency 
of at least .20] because of the limited FAAH literature) to 
select fi ve SNPs in the FAAH gene: rs4141964 (intronic), 
rs324420 (exonic and missense), rs11576941 (intronic), 
rs6703669 (intronic), and rs6429600 (intronic) (Doehring 
et al., 2007; Haughey et al., 2008; Tyndale et al., 2007). We 
sought to move beyond a single or multiple SNP approach 
and characterize each gene for the presence of haplotype 
blocks (i.e., a set of SNPs that are statistically related), thus 
allowing for a more statistically powerful and fuller charac-
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terization of the variation within the particular polymorphic 
region (Clark, 2004).

Current study

 We conducted an exploratory study focused on pheno-
types that contribute to the development and maintenance 
of cannabis dependence, namely impulsivity and marijuana 
problem severity. Such psychometrically valid self-report and 
laboratory behavioral measures offer objective performance-
based assessments that go beyond binary diagnostic or 
symptom count measures to provide better characterization 
of the spectrum of problem use and related characteristics. 
Hypotheses were based on converging lines of literature 
suggesting the following: (a) that impulsivity is a critical 
factor in risk for problem substance use, and, more spe-
cifi cally, that trait impulsivity increases risk for more severe 
problems among marijuana users (Day et al., 2013; Hayaki 
et al., 2011); (b) that CNR1 and FAAH variations are both 
consistently associated with marijuana dependence and re-
lated phenotypes along the dependence pathway (e.g., Hart-
man et al., 2009; Haughey et al., 2008; Hopfer et al., 2007; 
Schacht et al., 2012; Tyndale et al., 2007); and (c) that CNR1 
variation may be directly associated with varying levels of 
trait impulsivity (Ehlers et al., 2007). Taken together, these 
associations provide putative evidence for the potential of 
these genes to moderate the relationship between impulsive 
traits and risk for marijuana-related problems in users.
 Thus, our primary hypothesis was that CNR1 genetic vari-
ation would interact with trait-level impulsivity, as measured 
by the Barratt Impulsiveness Scale (BIS; Patton et al., 1995) 
to infl uence marijuana-related problems among experienced 
weekly marijuana users. As a secondary aim, in an effort 
to test the different components of impulsivity more com-
prehensively (de Wit, 2009; Reynolds et al., 2008), we also 
examined the interactions among cannabinoid-related genetic 
variation and two measures of behavioral impulsivity: (a) the 
capacity to inhibit already initiated responses as measured by 
the Stop Signal Task (Logan et al., 1997) and (b) impulsive 
decision-making as measured by the DDQ (Richards et al., 
1999). We genotyped three SNPs in the CNR1 gene and fi ve 
SNPs in the FAAH gene and subsequently tested each for 
the presence of haplotypes. CNR1 and FAAH variations were 
tested as moderators of the relationship between measures of 
impulsivity and marijuana-related problems.

Method

Sample description

 Demographic, marijuana use, and impulsivity variables 
are presented in Table 1. This study uses data obtained from 
participants (N = 151) who completed the baseline assess-
ments of an experimental study of marijuana’s acute effects 

on impulsivity (Metrik et al., 2012). As previously described 
(see Metrik et al., 2012, for more details), this Brown 
University Institutional Review Board–approved study of 
marijuana users comprised participants who met several 
inclusion criteria: were native English speakers, were 18–30 
years of age, used marijuana at least once a week in the past 
month and at least 10 times in the past 6 months, and had a 
self-reported ability to abstain from marijuana for 24 hours 
without withdrawal. Exclusion criteria were history of sub-
stance use treatment and intent to quit or receive treatment 
for cannabis use; past-month affective disorder or history 
of panic attacks, psychotic state, or suicidal state; DSM-IV 
alcohol dependence; and smoking 20 or more tobacco ciga-
rettes per day.

Behavioral measures

 The calendar-assisted, clinician-administered Timeline 
Followback interview (Dennis et al., 2004) is a reliable and 
valid instrument that was used to assess past-60-day use of 
marijuana, alcohol, and cigarettes.

TABLE 1. Sample demographics, substance use, and impulsivity charac-
teristics (N = 151)

Variable n %

Gender
 Male 96 64
 Female 55 36
Ethnicity
 White 108 71
 Black 10 7
 Asian 7 5
 American Indian/Alaskan Native 1 1
 Mixed ethnic origin 17 11
 Other 8 5
Age at fi rst marijuana use, in years
 ≤13 25 16
 14–15 45 30
 ≥16 81 54
Marijuana ounces used per week
 <1/16th 36 24
 1/16th 35 23
 1/8th 24 16
 1/4 23 15
 >1/4 33 22

 M SD

Age, in years 21.5 3.2
% marijuana use days 41.4 24.3
Marijuana problems scale 3.1 2.6
Times used marijuana on average day 1.8 1.0
Number of alcohol drinks/week 7.5 8.6
% heavy drinking days 10.6 13.1
% smoking tobacco days
 (for n = 76 tobacco smokers) 56.3 40.1
Impulsivity measures
 Barratt Impulsiveness Scale 58.7 8.5
 Stop Signal Reaction Time 536.3 168.6
 Delay Discounting Questionnaire:
  Area under the curve 0.46 0.3

Note: All marijuana, alcohol, and cigarette use measures refl ect use over 
the past 60 days.
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 The Marijuana Problems Scale (MPS; Stephens et al., 
1994, 2000) is a self-report measure of 22 marijuana-related 
problems during the past 90 days assessed on a 3-point scale 
ranging from 0 (no problem) to 2 (serious problem). The 
dependent variable was a sum count of problems.
 The BIS-11 (Patton et al., 1995) includes 30 questions 
comprising subscales on motor, attentional, and future plan-
ning impulsivity, scored on Likert scales from 1 (rarely/
never) to 4 (almost always). The dependent variable was the 
total score summing all of the subscales.
 The Stop Signal Task (Logan et al., 1997) measures in-
hibition of a prepotent response with two concurrent tasks: 
(a) the go task is a choice reaction-time task that requires 
participants to rapidly discriminate two symbols (maximum 
presentation 1,250 ms), and (b) the stop task involves pre-
sentation of a tone (75 ms, 1,000 Hz) that signals one to 
inhibit the response to the go task. The tone was presented 
following the visual stimuli at different delays (initial de-
lay at 200 ms) on a quarter of the trials (32 practice trials 
followed by three blocks of 64 trials). The delay time to 
the stop signal was adjusted until the participant inhibited 
responses on approximately 50% of trials. The time in mil-
liseconds required for the participant to stop the go response 
(stop signal reaction time, SSRT) was the dependent vari-
able, calculated by subtracting the mean stop signal delay 
from the mean Go Reaction Time. Data from 16 participants 
were excluded because they almost always (90%–100% of 
trials) failed to inhibit the stop signal, possibly because of 
poor comprehension of the instructions (Schachar et al., 
2000; Verbruggen and Logan, 2008).
 The DDQ (Richards et al., 1999) uses a computerized 
adjusting-amount procedure to measure discounting of 
delayed monetary reinforcers. In a series of choice trials, 
participants were offered the hypothetical choice between 
$10 available after a delay (0, 2, 30, 180, and 365 days) 
or a smaller amount available immediately. The dependent 
variable was area under the curve connecting indifference 
points and the x-axis, from 0.0 (steepest discounting) to 1.0 
(no discounting) (Myerson et al., 2001).

Marker information and haplotype derivation

 This study used three markers across the CNR1 gene 
and fi ve markers in the FAAH gene. Markers that failed the 
Hardy–Weinberg Equilibrium (HWE) test (p value cutoff = 
.001) were excluded from all analyses (Barrett et al., 2005; 
Purcell et al., 2007). Given the low rates of some genotypes 
(e.g., CNR1 rs806368 – CC [5], CT/TC [52], and TT [91]), 
we were unable to test the additive effect of an allele with 
suffi cient confi dence. Consequently, analyses binned minor 
allele homozygotes with heterozygotes (i.e., using a carrier 
code) to maximize statistical power.
 To maximize the amount of information provided by the 
multiple markers and circumvent loss of power because of 

multiple testing, we used all of the available SNP data to 
identify haplotype blocks (i.e., the combinations of SNP 
markers that are statistically associated). Haploview was 
used to visualize haplotype blocks (Barrett, 2009; Barrett 
et al., 2005). Haplotypes for both chromosomes were then 
confi rmed and extracted using PHASE Version 2.1 (Stephens 
and Donnelly, 2003; Stephens et al., 2001), requiring that the 
probability of a haplotype be greater than or equal to 0.80. 
PHASE haplotypes were used to construct diplotypes (i.e., 
combination of haplotypes across the pair of homologous 
chromosomes) that were used in the regression analyses. 
Because of the limited and inconsistent literature indicating 
a putative risk allele in each of our genes of interest, haplo-
type, and thus diplotype, scores were created using a model 
based on haplotype dosage for each gene (Lu et al., 2006; 
Pajewski et al., 2011). We assumed an additive effect for 
each of the identifi ed haplotypes; consequently, an individual 
may possess 0, 1, or 2 copies of each haplotype observed. 
This scoring scheme was used for every haplotype that was 
more frequent than .20 in the study sample.

Statistical analyses and analysis plan

 Descriptive statistics and regression analyses were ex-
ecuted in SPSS (SPSS Statistics Version 17.0, SPSS, Inc., 
Chicago, IL). The MPS and impulsivity data were initially 
examined for outliers (using standard scores, criterion Z = 
3.29) and for distribution normality (Tabachnick and Fidell, 
2001). As described in Tabachnick and Fidell (2001), one 
outlier for MPS was retained and recoded as one unit greater 
than the highest nonoutlier value. Initial bivariate correla-
tions examined the relationships among the three measures 
of impulsivity. Linear regressions were used to test the main 
and interaction effects of the three measures of impulsivity 
(BIS, SSRT, and DDQ), and CNR1/FAAH genetic variations 
on MPS and models were constructed as recommended by 
Judd et al. (2009). FAAH models were constructed to include 
the main effect of impulsivity, the main effect of the hap-
lotype, and the Haplotype × Impulsivity interaction effect. 
For CNR1, in addition to the resulting haplotype block, one 
putatively associated SNP (rs2023239) from multiple prior 
studies did not meet our haplotype block inclusion criterion 
and was also included in the regression model (following 
Pickard et al., 2009). 
 This approach maximizes characterization of genetic 
variation within a particular gene while limiting the number 
of parameters tested in statistical models. Thus, the CNR1 
models were constructed to include the main effect of im-
pulsivity; the main effect of the haplotype; the main effect of 
the SNP; all possible two-way interactions of the haplotype, 
SNP, and impulsivity effects; and the three-way interaction 
of the haplotype, SNP, and impulsivity effect. Separate mod-
els were run for each impulsivity measure. In addition, be-
cause there is not an agreed-upon putative “risk” haplotype 
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for either CNR1 or FAAH, separate regression models were 
run for each possible haplotype. We included self-reported 
race (dichotomously coded as White/non-Hispanic vs. all 
others) as a covariate in all models to help control for the 
possible effects of population stratifi cation on genetic as-
sociations (Sinha et al., 2006).

Results

Correlations among measures of impulsivity

 As expected, the three impulsivity measures were not sig-
nifi cantly correlated; SSRT and DDQ were negatively corre-
lated at trend level in the expected direction (BIS – SSRT: r 
= -.06, p = .50; BIS-DDQ: r = -.05, p = .55; and SSRT-DDQ: 
r = -.14, p = .08).

Distribution of alleles and haplotypes

 Table 2 describes the prevalence of genotypes and al-
leles (including the number of missing genotypes) and 
HWE test p values for each marker. For CNR1, all mark-
ers met the criteria for the HWE test (i.e., p > .0010). 
CNR1 markers rs1049353 and rs806368 formed a single 
haplotype block (Figure 1a); rs2023239 was not part of a 
haplotype block. Although it did not meet the criteria for 
inclusion in the haplotype block, prior evidence from mul-
tiple studies supporting the role of rs2023239 in marijuana-
related phenotypes (e.g., Haughey et al., 2008; Zhang et 
al., 2004) led to its inclusion as a separate predictor in the 
regression models along with the haplotype (following 
Pickard et al., 2009).

 For FAAH, analyses indicated that the measured genotype 
frequencies for the FAAH marker (rs6429600) were signifi -
cantly different from the expectations of the HWE test (p 
= 1.48E-17); thus, it was not included in the analyses. We 
observed a single haplotype block comprising FAAH markers 
rs4141964, rs324420, and rs11576941; rs6703669 was not 
part of a block (Figure 1b). Because the rs6703669 SNP has 
not emerged as a putatively associated SNP in prior stud-
ies of marijuana-related phenotypes, it was not included in 
the models. Table 3 describes the frequencies of measured 
haplotypes of CNR1 and FAAH as determined by PHASE 
(Stephens et al., 2001). Because of missing genotypes at 
some markers (Tables 2 and 3), the analyses with CNR1 and 
FAAH included 148 and 145 individuals, respectively. The 
low prevalence of individuals with two or more copies of a 
given haplotype led to the use of a haplotype measure coded 
as carriers (score of 1) versus noncarriers (score of 0).

Multivariate regression of impulsivity and 
endocannabinoid system genes on marijuana-related 
problems

 Barratt Impulsiveness Scale. Table 4 provides the results 
for the models testing the moderating role of CNR1 and 
FAAH genetic variations in the BIS and MPS relationship. 
The following main effects and Impulsivity × Genotype 
interactions were found.
 CNR1. There were no main effects of BIS or CNR1 ge-
netic variation on MPS. The hypothesized BIS × CNR1 SNP 
(rs2023239) interaction was observed to be signifi cant (B = 
0.54, SE = 0.20, p =.007). This suggests that the effect of 
BIS on MPS depended on the rs2023239 genotype. There-

TABLE 2. Genotype and minor allele frequencies of CNR1 and FAAH at baseline

Polymorphism Genotypes n (%) Allele frequency HWE test p

CNR1
 rs806368 CC CT / TC TT ?? C T
  Frequency 5 (3.31) 51 (33.77) 91 (60.26) 4 (2.64) 0.21 0.79 .73
 rs1049353 CC CT TT ?? C T
  Frequency 96 (63.58) 48 (31.79) 7 (4.63) 0 (0.00) 0.80 0.20 .78
 rs2023239 CC TC TT ?? C T
  Frequency 6 (3.97) 29 (19.21) 110 (72.85) 6 (3.97) 0.14 0.86 .08
FAAH
 rs6703669 CC CT TT ?? C T
  Frequency 75 (49.67) 55 (36.42) 2 (1.33) 19 (12.58) 0.78 0.22 .03
 rs6429600a GG GA AA ?? G A
  Frequency 43 (28.48) 20 (13.25) 80 (52.98) 8 (5.29) 0.37 0.63 2.09E-17
 rs4141964 CC TC TT ?? T C
  Frequency 55 (36.42) 63 (42.72) 26 (17.22) 7 (4.64) 0.40 0.60 .35
 rs324420 CC AC AA ?? C A
  Frequency 91 (60.27) 45 (29.80) 9 (5.96) 6 (3.97) 0.78 0.22 .40
 rs11576941 GG TG TT ?? T G
  Frequency 59 (39.07) 70 (46.36) 16 (10.60) 6 (3.97) 0.35 0.65 .69

Notes: Table shows the genotypes and frequencies for each marker (in order of chromosomal location). aDenotes that this marker was not 
included in analyses because it failed the Hardy–Weinberg Equilibrium (HWE) test (criteria for the HWE test = p > .001); ?? indicates 
individuals who received a missing value for this marker because of failed genotyping calls. CNR1 = cannabinoid receptor 1; FAAH = 
fatty acid amide hydrolase.
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FIGURES 1A AND 1B. Marker-to-marker D′ values for the cannabinoid receptor 1 (CNR1) and fatty acid amide hydrolase (FAAH) polymorphisms. D′ varies 
between 0 and 1 and describes the extent of linkage disequilibrium, a measure of interdependency between genetic loci. A value of 0 for D′ suggests that the 
examined single nucleotide polymorphisms (SNPs) are independent of one another, whereas a value of 1 suggests that the single nucleotide polymorphisms 
provide redundant information. An empty box with no numerical value represents D′ of 1. In the color version of the fi gure available online, bright red indicates 
a D′ of 1, and shades of pink/red indicate D′ < 1. Marker-to-marker r2 values are as follows: (CNR1) rs806368 – rs1049353 = 0.07, rs1049353 – rs2023239 
= 0.00, rs806368 – rs2023239 = 0.00. (A) Figure 1A indicates the D′ for genetic variation across CNR1. Marker-to-marker r2 values for CNR1 are as fol-
lows: rs806368 – rs1049353 = 0.06; rs1049353 – rs2023239 = 0.00; rs806368 – rs2023239 = 0.00. (B) Figure 1B indicates the D′ for genetic variation across 
FAAH. Marker-to-marker r2 values for FAAH are as follows: rs6703669 – rs4141964 = 0.16; rs6703669 – rs324420 = 0.06; rs6703669 – rs11576941 = 0.15; 
rs4141964 – rs324420 = 0.42; and rs4141964 – rs11576941 = 0.35; rs324420 – rs11576941 = 0.15.

TABLE 3. Haplotypes and frequencies of CNR1 and FAAH

 Population
Variable frequency (SE) Noncarrier Carrier

CNR1 polymorphism
 rs806368 rs1049353
 T C  0.59 (3.74E-3) 23 (15.13) 125 (82.24)
 T T  0.20 (1.38E-3) 95 (62.50) 53 (34.87)
 C C  0.21 (3.74E-3) 91 (59.87) 57 (37.50)
FAAH polymorphism
 rs4141964 rs324420 rs11576941
 T C G 0.18 (4.90E-3) 98 (64.47) 47 (30.92)
 T A G 0.22 (5.19E-3) 91 (59.87) 54 (35.53)
 C C T 0.35 (6.14E-3) 59 (38.82) 86 (56.58)
 C C G 0.25 (5.35E-3) 79 (51.97) 66 (43.42)

Notes: Table shows haplotypes extracted from participants using PHASE. Proportions do not 
sum to 100 to allow for the accurate depiction of missingness in the data. CNR1 = cannabinoid 
receptor 1; FAAH = fatty acid amide hydrolase

Proportion n (%) of
carriers of haplotype
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TABLE 4. Multivariate association of endocannabinoid system genes and Barratt Impulsiveness 
Scale (BIS) with marijuana-related problems: Main effects and interactions

 Marijuana-related problems

Variable Estimate (SE) β p

BIS × CNR1
 CNR1 TT haplotype
  Overall model F = 4.1, adj. R2 = .15, p < .001
  Intercept 0.33 (0.34)
  BIS 0.15 (0.10) .17 .14
  SNP -0.07 (0.21) -.00 .75
  TT haplotype -0.09 (0.17) -.05 .61
  BIS × SNP 0.54 (0.20) .31 .007
  BIS × TT haplotype -0.23 (0.18) .14 .22
  SNP × TT haplotype -0.43 (0.37) -.13 .25
  BIS × SNP × TT haplotype -0.77 (0.36) -.26 .03
 CNR1 TC haplotype
  Overall model F = 4.2, adj. R2 = .15, p < .001
  Intercept 0.52 (0.37)
  BIS 0.34 (0.11) .37 .002
  SNP -0.25 (0.21) -.12 .23
  TC haplotype -0.23 (0.18) -.12 .20
  BIS × SNP 0.24 (0.20) .14 .22
  BIS × TC haplotype -0.36 (0.18) -.23 .05
  SNP × TC haplotype 0.25 (0.38) .07 .52
  BIS × SNP × TC haplotype 0.27 (0.36) .09 .46
 CNR1 CC haplotype
  Overall model F = 4.1, adj. R2 = .15, p < .001
  Intercept 0.22 (0.35)
  BIS 0.16 (0.11) .17 .15
  SNP -0.28 (0.23) -.13 .23
  CC haplotype 0.11 (0.17) .06 .53
  BIS × SNP 0.14 (0.22) .08 .52
  BIS × CC haplotype 0.16 (0.18) .11 .36
  SNP × CC haplotype 0.09 (0.36) .03 .81
  BIS × SNP × CC haplotype 0.43 (0.35) .15 .22
BIS × FAAH
 FAAH CCG haplotype
  Overall model F = 5.2, adj. R2 = .11, p < .001
  Intercept 0.20 (0.36)
  BIS 0.38 (0.11) .40 .001
  CCG haplotype -0.03 (0.15) -.01 .86
  BIS × CCG haplotype -0.07 (0.15) -.05 .67
 FAAH CCT haplotype
  Overall model F = 5.8, adj. R2 = .12, p < .001
  Intercept 0.29 (0.36)
  BIS 0.45 (0.12) .47 <.001
  CCT haplotype -0.19 (0.16) -.10 .23
  BIS × CCT haplotype -0.15 (0.16) -.12 .35
 FAAH TAG haplotype
  Overall model F = 7.1, adj. R2 = .15, p < .0001
  Intercept -0.03 (0.36)
  BIS 0.28 (0.09) .29 .001
  TAG haplotype 0.32 (0.15) .16 .03
  BIS × TAG haplotype 0.26 (0.17) .14 .13
 FAAH TCG haplotype
  Overall model F = 5.3, adj. R2 = .11, p < .001
  Intercept 0.15 (0.38)
  BIS 0.34 (0.09) .35 <.001
  TCG haplotype 0.08 (0.17) .04 .63
  BIS × TCG haplotype 0.04 (0.16) .02 .80

Notes: Self-reported race included as a covariate in all models. CNR1 = cannabinoid receptor 1 
gene; SNP = single nucleotide polymorphism; CNR1 SNP = rs2023239 and was coded as 0 or 1 
vs. 2 T; CNR1 haplotype included rs806368 and rs1049353; FAAH = fatty acid amide hydrolase 
gene; FAAH haplotype included rs4141964, rs324420, rs11576941. Adj. = adjusted.
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fore, possessing at least one copy of the C allele and having 
low BIS scores (low-level trait-level impulsivity) were asso-
ciated with lower MPS scores. Thus, having a TT genotype 
and higher BIS scores (greater trait-level impulsivity) was 
associated with increased MPS scores. In addition, a signifi -
cant BIS × CNR1 T rs2023239 SNP × CNR1 TT haplotype 
interaction was observed, suggesting that the presence or 
absence of the TT haplotype moderated the BIS × rs2023239 
SNP Genotype interaction.
 Simple slopes for the association between MPS, BIS, and 
CNR1 rs2023239 genotype were tested when the CNR1 TT 
haplotype was present (one or two copies) or absent (Aiken 
and West, 1991). Each of the simple slope tests revealed a 
signifi cant positive association between MPS and BIS score, 
but the effect was strongest for individuals who were C allele 
carriers at rs2023239 and did not possess the TT haplotype, 
t(137) = 2.3, p = .02. This three-way interaction suggests 
that those with higher BIS scores who are rs2023239 C al-
lele carriers and lack the putatively protective TT haplotype 
manifest higher MPS. Figure 2 plots the simple slopes for 
the three-way interaction.
 There were no signifi cant main effects or interactions in 
the model testing the CNR1 CC haplotype.
 There was a signifi cant main effect of higher BIS (B = 
0.34, SE = 0.11, p =.002) on MPS in the model testing the 
CNR1 TC haplotype. However, there were no signifi cant 
genetic main effects or any signifi cant Impulsivity × CNR1 
TC haplotype interactions.
 FAAH. There was a signifi cant effect of BIS in predict-
ing MPS in all four models (CCG: B = 0.38, SE = 0.11, p = 

.001; CCT: B = 0.45, SE = 0.12, p < .001; TAG: B = 0.28, 
SE = 0.09, p = .001; and TCG: B = 0.34, SE = 0.09, p < 
.001). This suggests that higher trait impulsivity is associated 
with more marijuana-related problems after FAAH genetic 
variation was controlled for. Only the model testing the 
FAAH TAG haplotype indicated a signifi cant genetic main ef-
fect (B = 0.32, SE = 0.15, p = .03) in predicting higher MPS. 
Signifi cant BIS × FAAH interactions were not observed in 
any of the models.
 Stop signal reaction time. There were no signifi cant main 
effects or interactions of the models testing CNR1 or FAAH 
and SSRT in predicting MPS.
 Delay Discounting Questionnaire. There were no signifi -
cant main effects or interactions of the models testing CNR1 
or FAAH and DDQ in predicting MPS.
 Sensitivity analysis. Given the sample size and number of 
statistical tests, we conducted a post hoc sensitivity analysis 
of the robustness of our modeling results to test the possibil-
ity that the observed signifi cant fi ndings were attributable 
to Type 1 error. The sensitivity analysis procedure involves 
fi rst identifying any potentially infl uential observations, via 
Cook’s distance (D), and then testing the regression model 
without those data points (Welsch, 1980). A comparison of 
the overall model results and individual coeffi cients is then 
conducted to determine if these infl uential values drove 
signifi cant fi ndings. Regarding the primary hypothesis, 
sensitivity analysis was conducted for the model resulting 
in a signifi cant interaction of BIS and CNR1 (SNP and TT 
haplotype) in predicting marijuana problems. Using a con-
servative threshold for Cook’s D (e.g., D > 4/n, where n is 

FIGURE 2. Marijuana Problems Scale as a function of high and low Barratt Impulsiveness Scale (BIS) score, cannabinoid receptor 1 (CNR1) rs2023239 
single nucleotide polymorphism (SNP) variation, and CNR1 haplotype variation. Marijuana Problems Scale (standardized z scores) as a function of low BIS 
score (left side of each panel) and high BIS score (right side of each panel), CNR1 SNP (rs2023239) TT (diamond) versus CC/CT (square) genotype, and 
CNR1 haplotype variation. (A) Panel A represents the simple slopes of the BIS × SNP interaction in the presence of the TT haplotype. (B) Panel B represents 
the simple slopes of the BIS × SNP interaction in the absence of the TT haplotype (1 or 2 copies).
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the number of observations; in this case: D > 4/148 or D > 
.270) (Bollen and Jackman, 1990), nine observations were 
deemed potentially infl uential and the original regression 
model was rerun without these nine observations. 
 Results from the modifi ed model were consistent with 
those of the original model. As before, there were no main 
effects of BIS or CNR1 genetic variation on MPS, and 
the hypothesized BIS × CNR1 SNP (rs2023239) interac-
tion was observed to be signifi cant (B = 0.73, SE = 0.28, 
p = .01), such that having a TT genotype and higher BIS 
scores (greater trait-level impulsivity) was associated with 
increased MPS scores. The previously signifi cant BIS × 
CNR1 T rs2023239 SNP × CNR1 TT haplotype interaction 
was also observed (B = -0.09, SE = 0.44, p = .04). Again, 
consistent with our original model, simple slopes analysis 
revealed that the highest MPS scores were in individuals 
with high BIS scores who were C allele carriers and who 
did not possess the TT haplotype, t(137) = 2.4, p = .02. We 
also conducted sensitivity analysis for the FAAH models in 
which results had indicated a signifi cant effect of BIS and 
TAG haplotype; none of the observations in any of these 
models met the threshold (D > 4/n) for being potentially 
infl uential. Together, these fi ndings suggest that high lever-
age values did not drive our signifi cant results and support 
the robustness of our fi ndings for both CNR1 and FAAH.

Discussion

 In a sample of young adult marijuana users, the pres-
ent study assessed relationships among endocannabinoid 
system genetic variation and key intermediate phenotypes 
that contribute to the development and maintenance of can-
nabis dependence: namely, impulsivity (trait-level and be-
havioral) and marijuana-related problems. CNR1 variation 
moderated the relationship between trait impulsivity and 
marijuana-related problems, such that higher scores on the 
BIS combined with CNR1 rs2023239 SNP and haplotype 
variation predicted MPS scores. Specifi cally, individuals 
who report lower levels of trait impulsivity on the BIS and 
are rs2023239 SNP C allele carriers experience lower lev-
els of marijuana-related problems, whereas individuals who 
report high levels of trait impulsivity and TT homozygotes 
experience higher levels of problems. In addition, the effect 
of rs2023239 SNP genotype was moderated by the pres-
ence of the TT haplotype, such that, in the absence of the 
TT haplotype, individuals who have higher BIS scores and 
are C allele carriers (rs2023239) have higher MPS scores. 
However, in the presence of the TT haplotype, it is those 
with higher BIS scores and the TT genotype at rs2023239 
who manifest higher marijuana-related problems. In ad-
dition, the FAAH TAG haplotype signifi cantly predicted 
increased marijuana-related problems, over and above 
the BIS; however, FAAH did not interact with any of the 
impulsivity measures to predict marijuana-related prob-

lems. All signifi cant associations were robust to sensitivity 
analysis.
 Our fi ndings support a role for trait impulsivity and 
endocannabinoid system genes in predicting risk for mar-
ijuana-related problems among regular users. The present 
study replicates previous behavioral fi ndings linking trait 
impulsivity and the severity of marijuana problems in users 
(Day et al., 2013; Hayaki et al., 2011). Further, fi ndings of 
a CNR1 × BIS interaction extend prior work to suggest that 
CNR1 genetic variation further increases risk for marijuana-
related problems in individuals with high levels of trait 
impulsivity. Our results did not demonstrate a main effect of 
CNR1 rs2023239 SNP or haplotype variation on marijuana 
problems. This result is partially in contrast with studies 
showing direct associations with CNR1 and DSM-III-R 
(American Psychiatric Association, 1987), DSM-IV cannabis 
dependence (Comings et al., 1997; Hopfer et al., 2006), and 
other related phenotypes (Haughey et al., 2008). However, 
our fi ndings are among the fi rst to test and demonstrate an 
interaction among CNR1 variation and trait impulsivity 
in predicting marijuana outcomes. These fi ndings suggest 
that CNR1’s infl uence on cannabis dependence may be in 
part through a risk-associated trait impulsivity phenotype. 
Although results need to be replicated, the current fi ndings 
add to the literature supporting a broader role for CNR1 in 
substance use vulnerability that includes risk for impulsive 
personality and problem substance use beyond marijuana use 
(Hutchison et al., 2008; López-Moreno et al., 2012).
 Results also support a role for FAAH in risk for marijuana-
related outcomes but suggest that FAAH does not interact 
with measures of impulsivity to increase risk for marijuana-
related problems. The fi nding that variation in FAAH was sig-
nifi cantly associated with an increased number of marijuana 
problems adds to prior studies suggesting a role for FAAH 
in DSM-IV cannabis dependence (Tyndale et al., 2007), as 
well as in craving and withdrawal processes (Haughey et al., 
2008; Schacht et al., 2009). Taken together, these fi ndings 
suggest that FAAH variation increases risk for more severe 
outcomes along the cannabis dependence pathway.
 Although no prior studies have examined the role of 
CNR1 or FAAH in the pathway from impulsivity to increased 
marijuana problems, our fi ndings are consistent with several 
laboratory studies that provide compelling evidence that 
CNR1 and FAAH variations play a role in cannabis depen-
dence–related intermediate phenotypes (Filbey et al., 2010; 
Haughey et al., 2008; Schacht et al., 2012). Because of the 
very limited number and nature of these studies, further in-
vestigations are critical, and our fi ndings may be considered 
preliminary. Greater knowledge from similar experimental 
studies examining endocannabinoid system genes that use 
a variety of behavioral and laboratory analogs of critical 
dependence-related mechanisms will continue to advance 
our understanding of individual differences in the trajectories 
of cannabis use disorders and problem use.
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 The fi nding of both a two-way Trait Impulsivity × CNR1 
rs2023239 SNP interaction and a three-way Trait Impulsivity 
× rs2023239 SNP × CNR1 TT haplotype interaction in pre-
dicting marijuana-related problems suggests that there may 
be at least two functional loci within the CNR1 gene. Thus, 
the full genetic picture only emerges when the variants are 
modeled together while accounting for individual differences 
in BIS scores. These fi ndings require replication in an inde-
pendent sample to improve confi dence in their reliability but 
suggest that the genetic architecture of the CNR1 gene may 
be complicated and require complex modeling of multiple 
variants that may not all fall into haplotype blocks.
 There was neither a main nor genetic interaction effect 
of behavioral impulsivity, measured by SSRT and the DDQ, 
on marijuana-related problems. These fi ndings are consistent 
with weaker associations of levels of marijuana use with de-
lay discounting compared with other drugs, such as tobacco, 
cocaine, opioids, and alcohol (e.g., Johnson et al., 2010; 
Mitchell et al., 2005). In addition, laboratory fi ndings from 
our prior study indicate that acute marijuana intoxication 
increases SSRT, albeit to a small extent (Metrik et al., 2012). 
Thus, it could be that such measures of behavioral impulsiv-
ity are better suited for measurement of acute drug effects, 
whereas trait-level impulsivity measured by the BIS may be 
implicated in the development of problematic marijuana use 
over time and, further, may be a more sensitive measure of 
an underlying latent vulnerability to behavioral undercontrol. 
Indeed, research suggests that behavioral undercontrol and 
vulnerability to substance use may share genetic infl uences 
(Young et al., 2009). Our study provides further evidence 
linking substance use and trait-level impulsivity in a cluster 
of genetically infl uenced behaviors.

Limitations and future directions

 The primary limitation of our study is that the sample size 
is relatively small given the number of hypotheses tested, 
which may have infl ated the risk of Type I error. Although 
we have protected against this possibility with our hierarchi-
cal hypothesis structure and further confi rmed the robustness 
of our results via sensitivity analyses, replication is needed 
to substantiate these fi ndings. In addition, although this was 
not viable in our study because of an already large number 
of statistical tests, future studies may wish to examine these 
interactions from an endocannabinoid system level, includ-
ing Gene × Gene and Gene × Gene × Trait level interactions. 
Finally, although we controlled for self-reported race in all 
models, our results may still be vulnerable to the effects of 
population stratifi cation.

Conclusions

 Despite these limitations, this study is strengthened by 
going beyond a single or multiple SNP approach to char-

acterize variation in the endocannabinoid system genes. 
Further, by examining interactions with impulsivity and 
endocannabinoid system variation on risk for problems 
related to marijuana use, our study integrates biological 
and behavioral factors to help explicate the mechanisms 
by which genetic variability infl uences risk for marijuana 
dependence. As has been shown in alcohol dependence 
(Hutchison, 2010; Ray et al., 2010), the identifi cation of 
candidate phenotypes that serve as markers for heightened 
substance use disorder vulnerability has the potential to 
greatly advance the examination of genetic infl uences on 
cannabis dependence. The present study provides an im-
portant step toward identifying dispositional and genetic 
risk factors for marijuana-related outcomes. This indicates 
that the relationships among impulsive personality traits 
and marijuana outcomes may be further qualifi ed by ge-
netic risk factors and supporting a role for CNR1 in risk for 
impulsive personality traits that increase the risk of a va-
riety of substance-related problems. Additional research is 
needed to identify the neurobiological and genetic mecha-
nisms that underlie these unique associations.
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