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ABSTRACT 
 

Reward behavior, including reward behavior involving drugs, has been shown to be 

mediated by the ventral striatum and related structures of the reward system. The aim of 

this study was to assess reward-related activity as shown by fMRI before and after 

treatment among youth with comorbid cannabis dependence and major depression. We 

hypothesized that the reward task (Delgado et al., 2003) would elicit activation in the 

reward system, and that the level of activation in response to reward would increase from 

the beginning to the end of the 12-week treatment study as levels of depressive symptoms 

and cannabis use decreased. Six subjects were recruited from a larger treatment study in 

which all received Cognitive Behavioral Therapy/Motivational Enhancement Therapy 

(CBT/MET), and also were randomized to receive either fluoxetine or placebo. Each of 

the six subjects completed an fMRI card- guessing/reward task both before and after the 

12-week treatment study. As hypothesized, the expected activation was noted for the 

reward task in the insula, prefrontal, and striatal areas, both before and after treatment. 

However, the participants showed lower reward-related activation after treatment relative 

to pre-treatment, which is opposite of what would be expected in depressed subjects who 

did not demonstrate a comorbid substance use disorder. These paradoxical findings 

suggest that the expected increase in activity for reward associated with treatment for 
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depression was overshadowed by a decrease in reward-related activation associated with 

treatment of pathological cannabis use in these comorbid youth. These findings 

emphasize the importance of comorbid disorders in fMRI studies. 

 

 

Rewards play a fundamental role in motivated behavior (Schultz, 2011). The control of 

behavior requires the extraction of reward information from a large variety of stimuli and 

events. The hedonic properties of a potential reward can lead to approach behavior and a 

sense of pleasure after consumption, serving to reinforce such behavior. Changes in the 

motivation for drug and natural rewards are a key component of addiction (Koob and 

Volkow, 2010). Thus, recently, it has been speculated that addiction constitutes primarily a 

disorder of the reward system and motivation (Schultz, 2011). Recent advances in 

neuroimaging techniques allow reward-related processing and its neural correlates to be 

studied non-invasively in humans (Delgado et al., 2000). In early stages of substance use 

disorders, the reward threshold of dopamine neurons in the ventral tegmental area (VTA) 

changes, resulting in increased firing of these neurons in response to substance cues (Koob 

and Volkow, 2010). Cannabinoids activate the brain reward processes and reward-related 

behaviors in similar fashion to other reward-enhancing drugs (Gardner, 2005). Reward 

circuitry involves dopamine projection from the ventral tegmental area (VTA) to striatal areas 

(e.g., nucleus accumbens) and the prefrontal cortex (PFC) and related structures.  

A recent study by Filbey and colleagues (2009) demonstrated that cue-elicited craving for 

marijuana activates the reward neurocircuitry associated with the neuropathology of 

addiction, and the magnitude of activation of these structures is associated with the severity of 

cannabis-related problems. In that study, several structures in the reward pathway, including 

the ventral tegmental area, thalamus, anterior cingulate, insula, and amygdala, demonstrated 

greater blood oxygen level dependent (BOLD) activation in response to marijuana cues as 

compared to neutral cues.  

In studies of response to non-drug rewards, long-term heavy users of cannabis have been 

shown to make costly decisions on a gambling/reward task (Whitlow et al., 2004). The 

authors of that article speculated that long-term heavy cannabis users may have specific 

deficits in the ability to balance rewards and punishments that may contribute to continued 

drug-taking behavior (i.e., tending to favor larger immediate rewards). An fMRI study of 

chronic cannabis users found that cannabis users, compared to drug naïve controls, had more 

right ventral striatum activation during reward anticipation on a monetary incentive delay task 

(Nestor, Hester, and Garavan, 2010). Those results were interpreted as suggesting greater 

sensitivity to reward during anticipation of non-drug reward in chronic cannabis users. 

Alternatively, other research suggests lower activation in response to a monetary incentive 

delay task in nucleus accumbens and caudate nucleus of cannabis users compared to controls 

(van Hell et al., 2010). The differences in results across studies may be due to the type of non-

drug reward task used and chronicity of participants’ cannabis use. 

In both adults and adolescents with depression, fMRI studies indicate that depression is 

associated with lower striatal activation to non-drug related reward (e.g., money) (e.g., 

Smoski et al., 2009; Forbes et al., 2009). Specifically, youth (age 8-17) with depression had 

less striatal response during reward anticipation on a card guessing/reward task (Delgado et 

al., 2000) compared to controls (Forbes et al., 2009). Likewise, adults with major depression 
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had reduced striatal activation in response to reward using the Wheel of Fortune task (Smoski 

et al., 2009).  

Little is known regarding response to non-drug reward among individuals with comorbid 

cannabis use disorder and major depression, although comorbidity of these conditions is 

relatively common (Cornelius et al., 2010; 2011). In the current study, we explored the 

relationship between reward preference, as indexed by performance on a computerized 

reward task, and the magnitude of blood oxygenation level-dependent (BOLD) activity level 

in the ventral striatum during functional magnetic resonance imaging (fMRI) during a card-

guessing task with monetary reward. Our first hypothesis was that a card-guessing/reward 

task (Delgado et al., 2000, 2003; Hariri et al., 2006) would elicit activation in the striatal area 

and other reward- associated areas of our subjects with cannabis use disorders, as was 

recently reported by Nestor and colleagues (2010). We also hypothesized that the magnitude 

of ventral striatal reactivity during the fMRI would increase from pre- to post-treatment as the 

depressive symptoms abated, since depression has been shown to be associated with lower 

levels of activation among subjects with non-comorbid depression (Forbes et al., 2009). 

 

 

MATERIALS AND METHODS 
 

General Procedures 
 

Before entry into the protocol, written informed consent was obtained after all procedures 

had been fully explained. The study was approved by the University of Pittsburgh 

Institutional Review Board. Inclusion criteria for this study included a current DSM-IV 

(SCID) diagnosis of cannabis dependence and a DSM-IV (KSADS) diagnosis of major 

depressive disorder (MDD). Potential subjects were excluded if they were less than 18 years 

of age or over 25 years of age, if they had received psychotropic medication within the three 

months before the baseline assessment, if they demonstrated a DSM-IV dependence diagnosis 

involving any substance except cannabis or alcohol, or if they were identified as having 

paramagnetic material in their bodies or other MRI exclusions.  

The methodology of the treatment portion of the study has been described elsewhere 

(Cornelius, Bukstein, et al., 2010). The fMRI scans were performed prior to starting study 

medications (fluoxetine or placebo) and Cognitive Behavioral Treatment/ Motivational 

Enhancement Therapy (CBT/MET) therapy (baseline) and again 12 weeks later after the 

completion of the treatment study. The fMRI scans were performed at the UPMC Health 

System Magnetic Resonance Research Center (MRRC) in Pittsburgh, Pennsylvania. For the 

fMRI task, the subject viewed objects on a screen via an angled adjustable mirror located 

inside the scanner (Hariri et al., 2009).  

 

 

Reward (Striatal Reactivity) Paradigm 
 

This study used a modified blocked version of a card-guessing/reward task developed by 

Delgado and colleagues (2000; 2003), as modified by Hariri and colleagues (2006). In this 

task, a series of 144 trials were used, divided into nine runs of 16 trials each. Each trial lasted 
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15 seconds, and began with the presentation of a visually displayed card projected onto a 

screen. The card had an unknown value ranging from 1 to 9, and subjects were asked to guess 

whether the value of a card was higher or lower than the number 5, with small monetary 

rewards as an incentive for correct guesses. Participants had three seconds to guess, via button 

press, whether the value of a visually presented card was higher or lower than 5. Subjects 

received positive or negative (win or loss) feedback for each trial. There was an 11.5 second 

delay before the onset of the next trial. Stimulus presentation and behavioral data acquisition 

were controlled by a Macintosh computer with PsyScope software. Subjects were told that 

their performance on the card game would determine a monetary reward to be received at the 

end of the game. Previous studies using this paradigm in non-cannabis abusing subjects have 

demonstrated differential responses to reward and punishment feedback in the striatum and 

related structures (Delgado et al., 2000; Delgado et al., 2003; Hariri et al., 2006).  

 

 

BOLD fMRI Acquisition Parameters 
 

Data were collected with a Siemens TRIO TIM 3T scanner optimized for functional brain 

imaging. An automated shim procedure was applied to minimize possible magnetic field 

inhomogeneities. In-plane T2 structural images were acquired for visualization and 

normalization of functional imaging data. Blood oxygenation-level dependent (BOLD) 

functional images were acquired with a gradient echo EPI sequence oriented to the AC-PC 

line and encompassing the cerebrum and the majority of the cerebellum (TR/TE=2000/32, 

Matrix=128x128x29, Voxel size=2x2x3mm3, oblique axial acquisition (parallel to AC-PC), 

IPAT=2). 

 

 

Statistical Methods of fMRI Image Analysis 
 

We analyzed the imaging data using statistical parametric mapping (Friston et al., 2007). 

Whole-brain image analysis was completed using SPM2 software (http://www.fil.ion.ucl. 

ac.uk/spm). Images for each subject were first realigned to each other to correct for head 

motion, then normalized into a standard stereotactic space and smoothed with an 8mm full-

width half-maximum Gaussian filter. We then performed a voxel-wise two-sample t-test for 

each subject, contrasting the “reward” blocks with the “control” blocks at P < 0.05 (t > 1.7), 

with FDR correction for multiple comparisons across the whole brain. For each participant, 

the number of above threshold voxels before and after treatment was then used as an index of 

relative activation. These activation levels were then compared relative to change in cannabis 

use with a matched pairs t test, comparing activation that occurred with reward to activation 

that occurred with loss. Individual contrast images were then used to determine mean reward-

related ventral striatal reactivity using one-sample t-tests, which were thresholded at a voxel 

level of p<0.05, corrected for multiple comparisons across the volume of the ventral striatum 

as defined by the main effects of reward contrast, and an extent of at least 10 contiguous 

voxels (Forbes et al., 2009). 
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RESULTS 
 

Six subjects entered the fMRI study, and all six completed both the pre-and post-

treatment fMRI. Those six subjects included five males (83.3%) and one female (16.7%), 

including 3 Caucasians (50.0%) and 3 African-Americans (50.0%). The subjects in this group 

ranged from 19 to 24 years of age, with a mean of 21.7 (SD=2.0) years, whose cannabis use 

ranged from one to seven blunts per day in the month prior to baseline. All subjects were 

regular users of cannabis, but were not necessarily daily users. None of the subjects used 

opiates, cocaine, or any other illicit drugs other than cannabis in the month prior to baseline, 

and none demonstrated post-traumatic stress disorder (PTSD) or antisocial personality 

disorder (ASP). No subject demonstrated any evidence of intoxication upon presentation for 

their fMRI scans, and all said that they had been abstinent from drugs and alcohol for at least 

24 hours at the time of presentation for their scans. All subjects completed all of their 

assessments, and all but one subject completed all of their CBT/MET therapy sessions. The 

one subject who did not complete all of their therapy sessions missed half (four) of his 

CBT/MET therapy sessions. That same subject was the only subject of the six subjects who 

demonstrated an increase in cannabis use during the course of the treatment study. 

During the 12-week course of the treatment study, five of the six subjects demonstrated a 

decrease in their level of cannabis use, with a mean decrease of 63.6% blunts per week, and 

those persons all demonstrated an increase in their level of ventral striatal reactivity. During 

the course of the treatment study, one subject demonstrated an increase in their level of 

cannabis use (a 79% increase); and that person demonstrated a decrease in their level of 

ventral striatal reactivity. Two of the six subjects had been randomized to fluoxetine and the 

other four had been randomized to placebo. There were no significant differences in cannabis 

use or depression outcomes between the four who received placebo and the two who received 

fluoxetine. The results of our larger treatment study (involving 70 subjects, not just the 

subgroup of 6 subjects described in this manuscript) demonstrated a large magnitude (greater 

than 50%) reduction in both self-reported and observer-reported depressive symptoms in both 

the fluoxetine group and the placebo group, and demonstrated a more modest decrease in 

level of cannabis use across both the fluoxetine group and the placebo group. However, no 

significant between-group differences were noted on any outcome between those receiving 

fluoxetine and those receiving placebo (Cornelius, Bukstein, et al., 2010). Thus, the decreases 

in depressive symptoms and cannabis use noted among five of the six subjects in the current 

study apparently were the result of CBT/MET therapy, as has been reported with other 

comorbid populations (Cornelius et al., 2011), rather than being a result of the protocol 

medication. 

The expected activation for reward greater than for loss was noted in the striatum, insula, 

and prefrontal areas across all subjects, both before and after treatment. Across all six 

subjects, ventral striatal reactivity was inversely related to level of cannabis use at baseline 

(matched pairs t=2.70, df=5, p<0.05 two-tailed), suggesting that cannabis use appeared to 

decrease the level of reward-related reactivity of study subjects. However, contrary to 

expectations, the level of reactivity demonstrated during the fMRI reward task decreased with 

treatment as the level of depressive symptoms and cannabis use of study subjects decreased 

across the study sample. 
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DISCUSSION 
 

This study provides what we believe is the first data examining reward processing among 

youth (or persons of any age) with comorbid cannabis dependence and major depression. This 

study also provides one of the few fMRI studies that includes data collected both before and 

after CBT/MET treatment in dual diagnosis patients. Thus, we believe that our study involved 

a unique study sample that has not been available in previous studies. In our youthful 

comorbid study sample, the reward task was found to be associated with activation involving 

the striatal area and related reward areas, which confirmed the recent findings of Filbey and 

colleagues involving subjects with non-comorbid cannabis use disorders (2009). However, 

contrary to expectation, the level of activation decreased from pre- to post-treatment, which is 

opposite to what had been anticipated by our second hypothesis. Our second hypothesis had 

predicted an increase in activation during from pre- to post-treatment, based on results of 

Forbes and colleagues (2009) involving subjects with depression without any comorbid 

substance use disorder. In contrast, our current findings demonstrated a decrease in striatal 

activation in response to a non-drug reward task from pre- to post-treatment.  

In seeking to explain our paradoxical findings, it can be noted that cannabis users have 

recently been shown to demonstrate increased striatal response (reactivity) to reward (Nestor 

et al., 2010). Thus, cannabis use disorders have an effect on level of activation during fMRI, 

just as depressive disorders have an effect on level of activation, though those effects are in 

opposite directions. Specifically, depression decreases level of striatal activation (reactivity), 

while cannabis use increases level of striatal reactivity. Consequently, treatment of depression 

might be expected to increase level of reactivity, while treatment of the cannabis use disorder 

might be expected to decrease the level of reactivity. Thus, the findings of the current study 

suggest that the increase in activity for reward associated with treatment for depression was 

overshadowed by a decrease in activity for reward associated with treatment of pathological 

cannabis use. Those findings in turn suggest that the level of cannabis use may have a greater 

effect on the level of reactivity in the striatal area than does level of depressive symptoms. 

These findings emphasize the importance of comorbid substance use disorders in fMRI 

studies involving depressed youth. Our current findings are analogous to recent findings 

involving a different fMRI task called the “faces” emotional reactivity task (Cornelius, Hariri, 

and Aizenstein, 2010), in which results involving a comorbid MDD/cannabis dependent 

sample were substantially different from those expected for non-comorbid subjects. 

In retrospect, the prominence of the effect of a reduction in cannabis use (i.e., reduction 

in reward-related activation) as compared to the effect of a reduction in depression (i.e., an 

increase in reward-related activation) on level of reward-related reactivity shown in this study 

may not be surprising, because structures involved in the reward pathway such as the ventral 

striatum have been shown to exhibit substantial levels of binding for cannabis (Glass and 

Dragunow, 1997). Consequently, active cannabis use might be expected to demonstrate a 

strong direct effect on increasing the level of striatal activation in response to reward. 

Our current study is limited by its modest sample size and its lack of comparison groups. 

Future fMRI studies involving larger study samples are warranted to confirm or refute the 

findings of this paper and to clarify the etiology and pathophysiology of substance use 

disorders and other reward related activities among youth and adults. Future studies are also 

warranted to assess whether fMRI data predict treatment outcome for cannabis or depression, 
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since previous preliminary work has suggested that persons with increased levels of reactivity 

in the amygdala to emotional stimuli may be more likely to benefit from CBT therapy (Siegle 

et al, 2006). Finally, future studies are warranted to clarify the possible mechanisms of 

CBT/MET treatment effect on reward-related processing and motivation to abstain from 

cannabis during treatment. For example, CBT/MET might help to dampen reward activation, 

which might be associated with reduced craving for cannabis. 
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