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Abstract
Objective—Bipolar and cannabis use disorders commonly co-occur during adolescence, and
neurochemical studies may help clarify the pathophysiology underlying this co-occurrence. This
study compared metabolite concentrations in the left ventral lateral prefrontal cortex among:
adolescents with bipolar disorder (bipolar group; n=14), adolescents with a cannabis use disorder
(cannabis use group, n=13), adolescents with cannabis use and bipolar disorders (bipolar and
cannabis group, n=25), and healthy adolescents (healthy controls, n=15). We hypothesized that
adolescents with bipolar disorder (with or without cannabis use disorder) would have decreased N-
acetyl aspartate levels in the ventral lateral prefrontal cortex compared to the other groups, and
that the bipolar and cannabis group would have the lowest N-acetyl aspartate levels of all groups.

Methods—N-acetyl aspartate concentrations in the left ventral lateral prefrontal cortex were
obtained using Proton Magnetic Resonance Spectroscopy.

Results—Adolescents with bipolar disorder showed significantly lower left ventral lateral
prefrontal cortex N-acetyl aspartate levels, but post-hoc analyses indicated that this was primarily
due to increased N-acetyl aspartate levels in the cannabis group. The cannabis use disorder group
had significantly higher N-acetyl aspartate levels compared to the bipolar disorder and the bipolar
and cannabis groups (p=0.0002 and p=0.0002, respectively). Pearson correlations revealed a
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significant positive correlation between amount of cannabis used and N-acetyl aspartate
concentrations.

Conclusions—Adolescents with cannabis use disorder showed higher levels of N-acetyl
aspartate concentrations that were significantly positively associated with the amount of cannabis
used; however, this finding was not present in adolescents with comorbid bipolar disorder.

Keywords
magnetic resonance spectroscopy; 1H-MRS; N-acetyl aspartate; NAA; bipolar disorder; cannabis
use; marijuana; adolescents

Individuals with bipolar disorder have a high rate of comorbid substance use disorders
(Khan & Akella, 2009). Adolescents with co-occurring bipolar and substance use disorders
have worse outcomes and poorer adherence than those with either disorder alone (Jarvis et
al., 2008). Few studies have addressed the underlying neurophysiology of this common
comorbidity. A more comprehensive understanding of the relationship between substance
use and bipolar disorders might lead to more effective treatment options for patients.

Magnetic resonance spectroscopy (1H-MRS) studies indicate that abnormalities in
neurochemical markers of neuronal integrity and metabolism are present in prefrontal brain
regions of adolescents with bipolar disorder. Specifically, prior studies suggest that
adolescents with bipolar disorder exhibit decreased levels of N-acetyl aspartate, as compared
to healthy participants (Adler et al., 2007; DelBello et al., 2006). Youth with cannabis use
disorders also exhibit decreased dorsolateral prefrontal N-acetyl aspartate/total creatine
ratios (Hermann et al., 2007), and decreased anterior cingulate N-acetyl aspartate levels
(Prescot et al., 2011) compared with healthy individuals. N-acetyl aspartate is a neuronal
amino acid recognized as a putative marker of neuronal integrity and metabolic function
(DelBello and Strakowski, 2004). To our knowledge, there is only one neuroimaging study
examining abnormalities in adolescents with co-occurring bipolar and cannabis use
disorders. This study demonstrated greater structural abnormalities in adolescents with
bipolar and cannabis use disorders than in adolescents with bipolar disorder alone in frontal
and temporal cortical regions, as well as in subcortical areas linked with emotion and
motivational regulation (Jarvis et al., 2008).

With these considerations in mind, the aim of our study was to compare regional brain
neurochemistry in the left ventral lateral prefrontal cortex among adolescents with co-
occurring cannabis use and bipolar disorders, adolescents with bipolar disorder who do not
use cannabis, adolescents with a cannabis use disorder who do not have a mood or psychotic
disorder and healthy adolescents without any DSM-IV Axis I disorder. We hypothesized
that 1) adolescents with bipolar disorder, independent of co-occurring cannabis use, would
have decreased N-acetyl aspartate levels in the ventral lateral prefrontal cortex compared
with adolescents without a mood disorder and 2) adolescents with co-occurring bipolar and
cannabis use disorders would have the lowest N-acetyl aspartate levels compared to all other
groups.

METHODS
Subjects

Adolescents were recruited from inpatient and outpatient clinics at the University of
Cincinnati and Cincinnati Children’s Hospital Medical Center into one of four groups:
adolescents with bipolar disorder without cannabis use (bipolar disorder, n=14); adolescents
with bipolar disorder and cannabis use disorder (bipolar and cannabis, n=25); adolescents
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with a cannabis use disorder without bipolar disorder (cannabis use disorder, n=13); and
adolescents with no psychiatric or substance use disorders (healthy controls, n=15).
Cananbis use was verified by a drug screen and all participants were unmedicated at the time
of the scan. Subjects were group-matched for age, race, and sex (Table 1).

DSM-IV-TR diagnoses were confirmed by trained raters (kappa > 0.9) who administered the
Washington University in St. Louis Kiddie Schedule of Affective Disorders and
Schizophrenia (WASH-U KSADS) to assess for DSM-IV-TR Axis I disorders other than
substance use disorders and the Semi-Structured Assessment for the Genetics of
Alcoholism, Adolescent version (SSAGA-A) to evaluate for substance use disorders (Black
et al., 2012; Hesselbrock et al., 1999; Bucholz et al., 1994). Participants were not eligible if
they had an IQ of 70 or lower on the Wechsler Abbreviated Scales of Intelligence, any
unstable medical or neurological illness as determined by a study physician, a positive urine
pregnancy test, any contraindication to undergoing an MRI scan (e.g., braces or
claustrophobia), a Tanner Score of less than 3, current use of a psychotropic medication, or
any history of significant head trauma resulting in a loss of consciousness for greater than
five minutes. Only those who were not taking their prescribed psychotropic medications at
the time of scan were included.

The Teen-Addiction Severity Index (T-ASI) was also administered to all subjects (McLellan
et al., 1980; Kaminer et al., 1991). The T-ASI is a semi-structured interview developed as a
standardized instrument for periodic evaluation of adolescent substance use. The T-ASI is an
age-appropriate modification of the Addiction Severity Index. It yields 70 ratings in seven
domains: substance use, school status, employment/support status, family relations, peer/
social relationships, legal status, and psychiatric status. It has established validity and inter-
rater reliability. Adolescents were interviewed separately from their legal guardians and the
T-ASI was used to collect the amount of cannabis used.

The Young Mania Rating Scale (YMRS) and the Children’s Depression Rating Scale
(CDRS) were administered by raters with established high inter-rater reliability (ICC>0.90)
to evaluate manic and depressed symptoms, respectively (Fristad et al., 1992; Young et al.,
1978; Poznanski et al., 1979).

The study was approved and monitored by the University of Cincinnati Institutional Review
Board. After study procedures were fully explained, all study participants under the age of
18 provided written assent and their legal guardians provided written informed consent,
while all study participants aged 18 and older provided written consent. The study was
conducted in accordance with the Declaration of Helsinki.

Magnetic Resonance Spectroscopy (1H-MRS) Procedures
All scans were completed at the University of Cincinnati’s Center for Imaging Research
using a 4-Tesla Varian Unity INOVA Whole Body MRI/MRS system (Varian, Inc.)
equipped with a head RF coil (MR Instruments, Inc.). To minimize subject motion during
scanning procedures, all subjects were instructed to remain still and foam packing was
inserted around their head.

To obtain magnetic resonance spectroscopy metabolite measurements, an experienced
spectroscopist positioned the voxel in the left ventral lateral prefrontal cortex using
anatomical landmarks to ensure consistent placement and to avoid signal artifacts from the
orbits as described elsewhere (DelBello et al., 2006). Spectra were acquired from these
voxels using Point-RESolved Spectroscopy pulse sequence (echo time = 23 ms, repetition
time = 2000ms with 128 averages). Data were processed using the LC Model program
(Provencher 1993). Concentrations of N-acetyl-aspartate were determined in each spectrum
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(Kraguljac et al., 2012; Patel et al., 2006; DelBello et al., 2006). Statistical Parametric
Mapping (SPM; University College London, 2005) was completed to segment each voxel of
each participant to identify and adjust for the gray matter/white matter/cerebral spinal fluid
percentages in each voxel (DelBello et al., 2006; Patel et al., 2006).

Statistical analyses were performed using the Statistical Analysis System (SAS Institute,
2002–2008). Analyses of variance (ANOVA) and chi-square tests were used to examine
group differences in demographic characteristics. Analyses of covariance (ANCOVA), using
IQ as the covariate, were used to examine differences in N-acetyl aspartate metabolite
measurements between groups. Pearson correlations between N-acetyl aspartate metabolite
levels and both YMRS scores and the number of joints smoked during the past month were
performed in the bipolar and cannabis and cannabis use disorder groups.

RESULTS
Clinical Characteristics

There were no statistically significant group differences in age, sex, or race among the
groups (Table 1). Statistically significant differences in IQ were observed between groups (p
< 0.0001) and therefore, IQ was used as a covariate in all analyses.

Magnetic Resonance Spectroscopy
Adolescents with bipolar disorder (i.e., bipolar disorder and bipolar and cannabis groups)
had significantly lower left ventral lateral prefrontal cortex N-acetyl aspartate levels when
compared to the non-bipolar disorder groups (cannabis use disorder and healthy control
groups; F(1, 65) = 7.72, p=0.007 (see Figure 1). Post-hoc comparisons revealed that this
difference was largely due to the greater left ventral lateral prefrontal cortex N-acetyl
aspartate levels in the cannabis use disorder group compared to the bipolar disorder and
bipolar and cannabis groups (p= 0.0002 and p= 0.0002, respectively; Figure 1). Adolescents
with bipolar disorder did not have significantly lower left ventral lateral prefrontal cortex N-
acetyl aspartate levels when compared to healthy controls. No other significant differences
in N-acetyl aspartate levels were observed among other groups. No significant correlations
between YMRS scores and N-acetyl aspartate levels for the bipolar disorder or bipolar and
cannabis groups were observed.

Pearson correlations in the cannabis use disorder group revealed a positive correlation
between the number of joints smoked in the past month and N-acetyl aspartate concentration
levels of the left ventral lateral prefrontal cortex (r=0.7, p=0.03). No significant correlations
between N-acetyl aspartate concentration levels and amount of cannabis used were observed
in the bipolar and cannabis group.

DISCUSSION
This study found that adolescents with a cannabis use disorder, and no mood disorder,
showed higher levels of N-acetyl aspartate concentrations in the ventral lateral prefrontal
cortex that were significantly positively associated with the amount of cannabis used, when
compared to all other groups; however, this finding was not seen in adolescents with
comorbid bipolar disorder. N-acetyl aspartate is a neuronal amino acid recognized as a
putative marker of neuronal integrity and metabolic function (DelBello and Strakowski,
2004). An increase in N-acetyl aspartate concentration, as reported in the cannabis use
disorder group, may reflect increased neurons or glia in the left ventral lateral prefrontal
area. Alternatively, N-acetyl aspartate is produced in the mitochondria and N-acetyl
aspartate synthesis is reduced by mitochondrial respiratory chain inhibitors (DelBello and
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Strakowski, 2004). Therefore, our finding of increased N-acetyl aspartate concentrations in
adolescents with a cannabis use disorder, but no mood disorder, may reflect enhanced
mitochondrial energy production in this group (Weber et al., 2013; Stork & Renshaw, 2005).
This finding, however, is in contrast to other studies that reported decreased N-acetyl
aspartate levels in the dorsolateral prefrontal cortex (Hermann et al., 2007) and the anterior
cingulate (Prescot et al., 2011) of youth with a cannabis use disorder.

Although there was a significant difference between adolescents with and without bipolar
disorder, this was largely driven by the increase in the cannabis group. The large variance in
N-acetyl aspartate levels in the healthy control group might have contributed to the lack of
difference between the bipolar disorder and healthy control groups (Figure 1).

A positive correlation was found between the amount of cannabis used by the cannabis use
disorder group and their N-acetyl aspartate metabolite concentrations in the left ventral
lateral prefrontal cortex. This finding is consistent with a study that reported significantly
positive correlations between N-acetyl aspartate levels and nonpsychotropic cannabinoid in
the putamen/globus pallidum of cannabis users (Hermann, et al., 2007). Nonpsychotropic
cannabinoid has neuroprotective properties that have been shown in animal studies of brain
injury and could be potentially beneficial in treating diseases such as Parkinson’s disease
(Hermann, et al., 2007; Marsicano, et al., 2003; Panikashvili, et al., 2001). The positive
correlation between cannabis use and N-acetyl aspartate levels was not seen in the bipolar
and cannabis group, suggesting that cannabis use does not have similar effects on prefrontal
N-acetyl aspartate as some anti-manic medications (DelBello et al., 2006).

There are several limitations that should be considered when interpreting the results of our
study. First, the number of subjects in each group was relatively small, limiting the power to
detect smaller findings. Second, this study is cross-sectional so that conclusions cannot be
drawn regarding the causation of the reported results; that is, increased N-acetyl aspartate
may be a risk factor associated with developing a cannabis use disorder in non-bipolar
adolescents. Third, differences in clinical characteristics between groups (e.g., depressive
symptoms) may have impacted our findings. Finally, we did not adjust for time since last
cannabis use or total amount of cannabis used, which might have impacted the findings.
Nonetheless, despite these limitations, to our knowledge this study is the first to examine the
neurochemical effects of cannabis use in adolescents with bipolar disorder. Future studies to
determine the effects of cannabis use on the neurodevelopment of adolescents with bipolar
disorder are needed.
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Figure 1.
Group differences in left ventral lateral prefrontal cortex (VLPFC) N-acetyl aspartate
concentrations. Note. HC = adolescents with no substance use or psychiatric disorder; CU
adolescents with cannabis use disorder without bipolar disorder; BP = adolescents with
bipolar disorder without cannabis use; BPCU = adolescents with bipolar and cannabis use
disorder. The cannabis use disorder group had significantly higher left ventral lateral
prefrontal cortex N-acetyl aspartate levels when compared to the bipolar disorder and the
bipolar and cannabis groups (p=0.0002 and p=0.0002, respectively).
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TABLE 1

Demographic and Clinical Characteristics of Participants at Baseline

Characteristic HC
(n = 15)

CU
(n = 13)

BP
(n = 14)

BPCU
(n = 25)

n (%) n (%) n (%) n (%)

Sex (female) 9 (60) 5 (38) 7 (50) 11 (44)

Race (non-Caucasian) 5 (33) 3 (23) 4 (29) 5 (20)

M (SD) M (SD) M (SD) M (SD)

Age 18.4 (2.0) 19.2 (1.1) 17.2 (3.0) 18.4 (2.1)

IQa 115 (12) 107 (7) 100 (10) 97 (9)

Manic symptomsa 1 (2) 2 (4) 29 (9) 24 (5)

Joints smoked per montha 0 (1) 36 (30) 0 (1) 80 (85)

Note. HC = adolescents with no substance use or psychiatric disorder; CU adolescents with cannabis use disorder without bipolar disorder; BP =
adolescents with bipolar disorder without cannabis use; BPCU = adolescents with bipolar and cannabis use disorder.

a
p < .0001 between groups.
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