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Abstract
BACKGROUND—Functional neuroimaging studies suggest that chronic cocaine use is
associated with frontal lobe abnormalities. Functional connectivity (FC) alterations of cocaine
dependent individuals (CD), however, are not yet clear. This is the first study to our knowledge
that examines resting FC of anterior cingulate cortex (ACC) in CD. Because ACC is known to
integrate inputs from different brain regions to regulate behavior, we hypothesize that CD will
have connectivity abnormalities in ACC networks. In addition, we hypothesized that abnormalities
would be associated with poor performance in delayed discounting and reversal learning tasks.

METHODS—Resting functional magnetic resonance imaging data were collected to look for FC
differences between twenty-seven cocaine dependent individuals (CD) (5 females, age: M=39.73,
SD=6.14) and twenty-four controls (5 females, age: M=39.76, SD = 7.09). Participants were
assessed with delayed discounting and reversal learning tasks. Using seed-based FC measures, we
examined FC in CD and controls within five ACC connectivity networks with seeds in subgenual,
caudal, dorsal, rostral, and perigenual ACC.

RESULTS—CD showed increased FC within the perigenual ACC network in left middle frontal
gyrus, ACC and middle temporal gyrus when compared to controls. FC abnormalities were
significantly positively correlated with task performance in delayed discounting and reversal
learning tasks in CD.

CONCLUSIONS—The present study shows that participants with chronic cocaine-dependency
have hyperconnectivity within an ACC network known to be involved in social processing and
mentalizing. In addition, FC abnormalities found in CD were associated with difficulties with
delay rewards and slower adaptive learning.
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Introduction
Drug addiction is considered the end of a continuum that ranges from controlled “social” use
to a disorder characterized by loss of behavioral control (1,2). Loss of behavioral control has
been confirmed in cocaine dependent individuals during tasks that require self-regulation
and impulse control (3–6). Deficits in self-regulation and impulse control found in cocaine
dependent individuals may be mediated by abnormal neural networks. While cocaine-
dependency has been often associated with abnormalities in limbic networks involved in
reward processes, results from several neuroimaging studies show the importance of frontal
networks involved in self-regulation and cognitive processes in cocaine dependent
individuals (7–15).

Several studies have identified frontal abnormalities associated with cocaine dependency.
Animal studies have shown that prefrontal cortex, particularly the medial prefrontal region,
plays a role on the reinforcing effects of cocaine (16,17). Volumetric studies have found
decreased gray matter tissue density in medial and lateral orbitofrontal cortex, and middle/
dorsal cingulate gyrus in cocaine dependent individuals (18,19). Disruption of frontal white
matter connectivity has been found in cocaine dependent individuals (7,8,10,20). Functional
neuroimaging studies have found a dysfunction in anterior cingulate cortex (ACC) when
cocaine dependent individuals perform tasks that involve emotion (11) and executive
functioning (12,13). These findings suggest that the affective control networks involving
frontal regions of the brain may be altered in cocaine dependent individuals.

While frontal abnormalities have been associated with cocaine dependency, the nature of the
relationship is unclear. Previous functional magnetic resonance imaging (fMRI) studies have
found both hyperactivations and hypoactivations in ACC in cocaine dependent individuals.
Cocaine dependent individuals have shown increased activation in ACC when viewing films
of individuals smoking cocaine than when viewing films of outdoor nature scenes or explicit
sex (11,21). However, cocaine dependent individuals have also shown decreased activation
in ACC when viewing drug-related words than when viewing drug-neutral words (11).
Previous conflicting results may be due to type of stimuli presented. Resting functional brain
connectivity allows us to investigate abnormalities in specific neural networks (i.e. ACC
networks) without the possibly confounding effects of stimulus presentation or task
performance to better examine the relationship between chronic cocaine use and functional
connectivity disruptions (22). To our knowledge, only one study has examined resting
functional connectivity in cocaine dependent individuals (23). This study used
predetermined seeds in the mesocorticolimbic reward network and reported decreased
strength of functional connectivity within circuits of this network in cocaine dependent
individuals compared to controls (23). While the previously conducted study was important
to understand intrinsic functional connectivity abnormalities specific to the bottom-up
reward pathways, the resting functional connectivity pathways associated with top-down
control in cocaine users were not explored. In order to better understand neural networks
associated with self-regulation and control characteristic to cocaine dependent individuals,
the present study examined networks centered in frontal regions known to mediate self-
regulatory control.

The present study addresses the important association between impaired cognitive
performance and frontal neural abnormalities in cocaine dependent individuals. Previous
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studies have associated frontal white matter integrity with severity of behavioral traits
characteristic to cocaine dependent individuals such as impulsivity and motivation (8,10,20).
Altered frontal metabolism as manifested by increased activity in orbitofrontal cortex and
decreased activity in dorsolateral prefrontal cortex and medial frontal cortex has been
associated with attention and executive functioning processes in abstinent cocaine dependent
individuals (24). Taken together, abnormalities in specific neural networks involving frontal
regions seem to be associated with impaired behavior in cocaine dependent individuals. The
nature of the interaction of specific brain regions within networks involved in self-regulatory
control and its relationship to behavioral measures will provide information that can be
useful for developing and monitoring treatment and prevention of relapse for cocaine
dependent individuals.

In the present study we examine functional connectivity in cocaine dependent individuals
(CD). We were particularly interested in the role of ACC in cocaine dependency due to its
participation in networks that affect self-regulation, self-control and attention (25–28). In
addition to its role in behavior regulation, ACC has a central anatomic location with diverse
cortical, limbic and paralimbic connections (28), which is useful for examining functional
connectivity in CD. A previous study examined two loci of ACC in CD (caudal-dorsal and
rostral-ventral ACC) during an emotionally salient task (11). To conduct a more detailed
examination of ACC networks in CD, we examined resting functional connectivity of five
frontal networks based in ACC. The locations of ACC seeds were selected based on
previous papers that investigated the development of ACC within five domains of self-
regulatory control: motor control (caudal), attention/cognitive control (dorsal), conflict
monitoring (rostral), mentalizing (perigenual) and emotional regulation (subgenual) (25,28).
We hypothesize that CD will have altered functional connectivity in ACC networks and that
functional connectivity strength will be related with quality of performance in tasks
assessing self-regulatory control. Given previous reports suggesting that the interaction
between ACC and dorsolateral prefrontal cortex has an important role in top-down support
and monitoring for appropriate behaviors (27,29,30), we hypothesized that ACC-DLPFC
connectivity would be related to tasks assessing self-regulatory control.

Methods and Materials
Participants

Twenty-seven chronic cocaine dependent individuals (CD) and 24 healthy participants (HP)
matched by age, gender and primary caregiver education level were recruited (Table 1). CD
were active users and all reported to have used cocaine within the past 30 days (Table 1).
Co-morbidity in CD are described in Section A of Supplement 1. CD were recruited via
advertising placed in a University newspaper, a free local-area publication and fliers placed
on community bulletin boards throughout the Minneapolis, MN metro area and campus. HP
were recruited via fliers posted on community and bulletin boards throughout campus and
the metro area and through an online employee newsletter. Inclusion and exclusion criteria
are described in Section B of Supplement 1. All participants provided written informed
consent and received payment for the time they spent participating. The consent process and
all procedures were reviewed and approved by the institutional review board (IRB) at the
University of Minnesota prior to initiating studies. HIPAA consent documentation was also
obtained.

Diagnostic screening—All subjects underwent a structured clinical interview for DSM-
IV axis I conditions (SCID) (31) administered by a trained member of the research staff. CD
received the SCID I/P (patient version) and HP received the SCID I/NP (non-patient
version).
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Imaging Data Acquisition
Participants underwent a 6-min resting-state fMRI scan and were instructed to be as still as
possible, keep their eyes closed, and stay awake. Images were collected using a Siemens
Trio 3T scanner (Erlangen, Germany). Sequence parameters: gradient-echo echo-planar
imaging (EPI) 180 volumes, repetition time (TR)=2s, echo time (TE)=30ms, flip angle=90°,
34 contiguous AC-PC aligned axial slices, voxel size=3.4×3.4×4.0mm. matrix=64×64×34.
Participants were debriefed at the end of the scan to find out if they fell asleep. A high-
resolution T1-weighted anatomical image was acquired using a magnetization prepared rapid
gradient-echo sequence. A field map acquisition was collected and used to correct the fMRI
data for geometric distortion caused by magnetic field inhomogeneities (TR=300ms,
TE=1.91ms/4.37ms, flip angle=55°, voxel size=3.4×3.4×4.0mm).

FMRI Imaging Analysis
Preprocessing was conducted with FEAT (FMRIB's Software Library [FSL]). The following
prestatistics processing was applied for each subject: first 3 volumes deleted to account for
magnetization stabilization, motion correction, B0 field map unwarping, slice-timing
correction, non-brain removal, spatial smoothing (6-mm full-width half-maximum kernel),
grand mean scaling, high-pass temporal filtering (100 Hz) to remove correlations associated
with slow trends scanner noise, registration of all images to standard space. Probabilistic
independent component analysis (PICA) was conducted for each individual to denoise
individual data by removing components that represented noise. Noise components were
selected by spatial and temporal characteristics detailed in MELODIC (FSL) manual
(http://www.fmrib.ox.ac.uk/fslcourse/lectures/melodic.pdf) and based on Kelly et al (32) for
selection criteria of noise components. While noise reduction was conducted using PICA in
the present study, future studies could try using other methods (e.g. RETROICOR) for
correcting physiological noise.

ROI selection and seed generation—We examined functional connectivity of five
ACC connectivity maps following methods previously used by Kelly et al (25). Five
spherical seeds with 3.5mm radius were placed at five ACC regions: caudal, dorsal, rostral,
perigenual and subgenual with same coordinates previously described in (25) (see Section C
of Supplement 1). We extracted the time series from each seed for each participant by
averaging time series across all voxels within each seed.

Individual-Level Analysis—For each participant and for each ACC region of interest, we
performed a multiple regression analysis (FSL-FEAT, details in Section D of Supplement 1)
on the denoised data. This analysis generated a map with statistical parameter estimates
(PEs) in each voxel for each individual. All voxels in the PEs maps showed the degree of
positive or negative correlations with the corresponding seed time series for each ACC seed
for each participant.

Generation of Resting ACC Functional Connectivity Masks from a separate Control Group
In order to limit the number of comparisons for each ACC functional connectivity map
analysis, we used objectively derived spatial masks representing the five ACC connectivity
maps generated from resting fMRI data of a separate set of twenty nine healthy participants
(HP29) (demographics in Table 1) (33). This allowed for the generation of spatial masks
from a separate control group that was not biased by the CD sample or their matched
controls. Resting fMRI data were preprocessed in the same manner as described above. Each
of the twenty nine individuals had five ACC functional connectivity maps. A one-sample t-
test was performed for each of the five ACC functional connectivity maps. These resulting
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maps (see Section E of Supplement 1) served as ACC connectivity masks to limit group
comparisons in the present study.

Group-Level Analysis
Group-level analyses were carried out by feeding each individual's parameter estimates
(PEs) maps into a mixed-effects model (FSL-FLAME)(34). Group-level analyses produced
z-score maps showing positive and negative functional connectivity networks, for each ACC
seed, within groups and between groups. To protect for false positives, a threshold/cluster
method derived from Monte Carlo simulations (AlphaSim AFNI) (35) was applied to all
maps generated in the group-level analysis. Monte Carlo simulations (1000 iterations)
accounted for the 6mm FWHM Gaussian filter with a connectivity radius of 7.1-mm. Based
on these simulations, the family-wise α of .05 was preserved with an a priori voxel-wise
probability of 0.025 and three-dimensional clusters with a minimum volume of 1488 μL
(186 voxels).

Resulting clustered and thresholded z-maps corrected for multiple comparisons showed:
functional connectivity in five ROIs within the separate set of HP29 used for mask
generation (see Section E of Supplement 1), functional connectivity in five ROIs within the
CD group, functional connectivity in five ROIs within the HP matched to the CD group, and
functional connectivity differences between the CD and HP groups (Figure 1).

Behavioral Tasks
In a separate session prior to the scan, subjects completed a Reversal Learning Task and a
Delay Discounting Task to assess aspects of cognitive control such as perseverative
responding (36) and impulsivity (37,38) respectively. See task details in Section F of
Supplement 1.

Correlates with strength of brain connectivity
To investigate the relationship between functional connectivity strength and cognitive
control (measured by reversal learning and delayed discounting tasks), a robust regression
was performed using R (39). Revisiting our hypothesis suggesting that there is a relationship
between strength of ACC and DLPFC connectivity and self-regulatory control (26,29,30),
average z-scores from a cluster that showed significant differences between groups between
these regions were extracted. These measures of brain connectivity were correlated with
demeaned scores representing the average number of trials it took for an individual to
perform a reversal (reversal learning task) and the delay k measure (delay discounting task).

A previous paper on resting functional connectivity in CD reported a negative correlation
between years of cocaine use and functional connectivity (23). Age, however, an important
variable to consider when looking for relationships with years of cocaine use, was not
controlled in the Gu et al (23) study. To investigate the relationship between functional
connectivity strength in regions showing group difference and cocaine use, while controlling
for the effect of age, a bivariate partial correlation was performed using R (39).

Results
Functional Connectivity Overlap

Section G of Supplement 1 lists regions functionally connected to each of the five ACC
seeds in the separate group of 29 controls (see spatial map in Section E of Supplement 1).
CD and controls had overlapping regions that were functionally connected to the five ACC
seeds in very similar locations identified in the 29 controls (Figure 1).
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Functional Connectivity Group Differences
From the five ACC functional connectivity maps, only the perigenual ACC map showed
significant differences between CD and their controls. Interestingly, CD had higher strength
of resting functional connectivity in frontal and temporal regions within the perigenual ACC
map. Resting functional connectivity was higher in CD within the perigenual ACC map in
dorsolateral prefrontal cortex (DLPFC; BA 46: z=−31, y=50, z=16; BA 10: x=−53, y=29,
z=14; Figure 2), middle temporal gyrus (MTG; x=57, y=33, z=11) and superior frontal gyrus
(SFG; x=−12, y=12, z=55) than HP. There were no regions in which functional connectivity
was higher in HP than in CD.

Reversal Learning and Delayed Discounting Task Group Differences
The number of trials needed to perform a reversal in the reversal learning task was
significantly higher (t(1,47)=3.45, p=0.001) in cocaine participants (M=31.46, SD=13.24)
than controls (M=20.24, SD=9.24). The delay k value (log) in the delayed discount task was
significantly higher (t(1,47)=3.08, p=0.004) in cocaine participants (M=−2.92, SD=1.77)
than controls (M=−4.75, SD=2.35).

Relationship between self-regulatory control and strength of functional connectivity
As hypothesized, there were associations between reversal and discounting scores with
functional connectivity strength within the perigenual ACC network. There were significant
positive correlations between reversal learning scores and FC strength in DLPFC (r=0.43,
p=0.04, Figure 3A) in CD. Results revealed a similar trend in positive correlations between
delayed discounting scores (log) and FC strength in DLPFC within perigenual ACC map
(r=0.34, p=0.08; Figure 3B). CD with increased FC between perigenual ACC and DLPFC
showed both increased compromise when learning to reverse reward contingencies
(manifested with higher number of trials before a reversal) and increased levels of
impulsivity (manifested with higher delay k values).

Relationship between years of cocaine use and functional connectivity strength
After controlling for age, partial correlation results showed that years of cocaine use were
not significantly correlated with strength of functional connectivity in DLPFC (r=−0.33,
p=0.12), MTG (r=−0.25, p=0.24), or SFG (r=−0.26, p=0.22).

Discussion
The present study examined resting functional connectivity in five anterior cingulate cortex
(ACC) neural networks in order to identify abnormalities in frontal networks associated with
poor self-regulation and impulse control in cocaine dependency. Five ACC networks
involved in self-regulatory control (motor control, attentional/cognitive control, conflict
monitoring, social processing/mentalizing and emotional regulation) previously reported in
healthy populations were identified in CD and their controls (25). CD showed stronger
strength of connectivity within the perigenual ACC social processing/mentalizing network.
The present study also confirmed previous behavioral findings of delay discounting
abnormalities (3–5) and failures to learn reversal reward contingencies (6) in CD. Abnormal
frontal functional connectivity strength found in CD was positively correlated with
behavioral measures of impulsivity and difficulty in delaying reward.

To our knowledge, this is the first resting fMRI study that examined top-down control
networks in CD. A previous resting fMRI study examined bottom-up reward networks in
CD (23). In general, while Gu et al (23) reported decreased resting functional connectivity
within the reward networks, the present study found increased functional connectivity within
top-down control networks. There are two specific differences between the present study
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and the Gu et al (23) study. First, Gu et al (23) found decreased connectivity between rostral
ACC and limbic regions, which is not consistent with our findings. However, their center
coordinates for the ACC (x=4, y=36, z=8; Talairach space), were not the same as the ones
from the present study. Because ACC is structurally and functionally heterogeneous (28,40),
discrepancies in findings between the present study and Gu et al (23) may be explained by
the use of timeseries extracted from different ACC seeds that do not spatially overlap.
Second, significant associations between years of cocaine use and resting functional
connectivity reported by Gu et al (23) were not found in the present study, probably because
we controlled for the potentially confounding effects of age. Despite potential
methodological differences, findings from the present study and Gu et al (23) suggest that
CD have functional connectivity abnormalities in both bottom-up reward pathways as well
as top-down control pathways.

Our functional connectivity results showed that both control participants and CD had similar
resting functional connectivity networks in ACC as the normal adult population reported by
Kelly et al (25). Resting functional connectivity strength, however, was significantly higher
within the perigenual ACC network in CD, manifested by increased functional connectivity
between perigenual ACC and clusters in dorsolateral prefrontal cortex (DLPFC), middle
temporal gyrus (MTG) and superior frontal gyrus (SFG). Interestingly, the developmental
study by Kelly et al (25) found increased resting functional connectivity between perigenual
ACC and DLPFC in children, which was lower in adolescents and was practically non-
existent in adults. These results suggest that connectivity within these regions decreases with
age, and may be “pruned” with maturation. Likewise, CD in the current study showed
increased connectivity between perigenual ACC and DLPFC compared to age-matched
controls, which may correspond to immature organization or interrupted synaptic pruning
found in children's neural networks (25). A disruption in frontal and temporal white matter
maturation in CD has been previously reported in the literature (41). Current results may
indicate that CD undergo perturbations in the maturational processes of synaptic pruning
and myelination related to drug use. An interesting extension of this research would be to
examine both structural (white matter) and functional (gray matter) connectivity in CD as
well as in adolescents with risk of drug dependency.

A recent primate study by Medalla and Barbas (30) examined the synaptic interactions of
ACC and DLPFC with inhibitory neurons in rhesus monkeys, and proposed that the nature
of ACC/DLPFC interactions may be contingent on the level of cognitive demand needed for
cognitive control. During low cognitive demand, DLPFC involvement is sufficient to
activate inhibitory neurons to suppress moderate noise and extract a relevant signal.
However, during high cognitive demand when the level of noise is higher, DLPFC needs to
act in synergy with ACC (which activates inhibitory neurons through large terminals) to be
able to suppress excessive noise and extract a relevant signal. In addition, the authors (30)
suggest the role of ACC in reversing decisions, in which previous behaviors that are now
unwanted need to be reversed. In this scenario, large terminals from ACC act in synergy
with shorter DLPFC terminals to inhibit unwanted behaviors and disinhibit new appropriate
behaviors. A human study in which cognitive control and self-regulation was examined
confirmed the nature of ACC/DLPFC interactions and reported that activity in DLPFC alone
is not sufficient for behavioral regulation, and that an efficient interaction of ACC and
DLPFC is needed for appropriate behavioral control (29). These proposed roles of ACC/
DLPFC interaction are relevant to our findings because CD, who constantly need to regulate
their thoughts and behaviors (i.e. suppress excessive noise such as craving and withdrawal
symptoms), showed stronger resting functional connectivity synchrony between ACC and
DLPFC. Present results suggest that due to higher demands of self-regulation, CD need to
constantly increase the level of synergy between ACC and DLPFC (even during rest) due to
the ongoing need of suppressing continuous and persistent noise presumably related to drug
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use, craving and/or withdrawal symptoms. This increased connectivity between ACC and
DLPFC in the face of increased cognitive demand may also help explain our novel finding
that the stronger resting functional connectivity strength between perigenual ACC and
DLPFC in CD was associated with decreased ability to adapt their responses to shifting
reward contingencies (measured by the reversal learning task) and the ability to suppress
immediate reward (measured by the delayed discounting task).

The perigenual ACC network, involved in social processing and mentalizing, might mediate
particular aspects of reversal learning and delayed discounting performance. The processes
measured by the reversal learning task may directly contribute to an individual's social
processing and mentalizing. One of the main cognitive constructs needed to perform the
reversal learning task is flexibility or an ability to shift strategies. Substance dependent
individuals are often exposed to complex social contexts with higher demands of behavioral
flexibility (to successfully adapt to changing environments and come up with alternative
solutions to social problems they encounter)(42). Lack of behavioral flexibility may be
related to poor social processing, traits that have been identified in substance abuse
populations (43,44). In addition performance in both the reversal learning and delayed
discounting tasks is related to mentalizing. Mentalizing is the ability to understand thoughts
and intentions of oneself and others. Both tasks involve the need to properly understand
thought and intentions of the self and others (experimenter/task) through contingency
management (reversal learning) and delayed gratification (delayed discounting).

Previous fMRI studies in which healthy participants performed delayed discounting and
reversal learning tasks in the scanner have found that signal intensity in ACC and DLPFC is
positively correlated with delayed discounting task performance (45,46) and reversal
learning task performance (47,48). These studies, however did not investigate the interaction
between these regions during self-regulation or control tasks. To further investigate the
nature of our findings and explore whether local intensity of neural firing or larger local
variability in BOLD (blood-oxygen-level dependence) signal accounted for increased
functional connectivity between ACC and DLPFC in CD, we compared BOLD signal within
each region separately between groups. A paired t-test was performed to compare the mean
BOLD signal within ACC and within DLPFC between CD and their controls. Results
showed that BOLD signal intensity within ACC (t(1,23)=1.22, p=0.23) and DLPFC
(t(1,23)=6.31, p=0.53) was not significantly different between groups (see Section H of
Supplement 1). This confirms that CD have an abnormality in the regulation of the strength
of connectivity between these regions, and not an abnormality in the level of signal intensity
in individual regions during rest. Although previous studies have suggested a local
abnormality in either ACC or DLPFC (11–13), this difference does not appear to be present
at rest.

There are two caveats to bear in mind when considering these results. First, resting
functional connectivity abnormalities found in the present study may be a preexisting
abnormality that renders an individual at risk of developing an addiction, an alteration
resulting from chronic drug abuse or both. Studies involving younger populations at risk of
developing an addiction need to be conducted to better understand the relationship between
functional connectivity abnormalities and drug abuse. Second, while participants were
debriefed at the end of the resting fMRI scan to find out if they remained awake, they were
not monitored with a periodic response or eye-tracking. There is a risk that they were not
truthful in their report and that this tendency may have differed across groups.

Future directions should include characterizing the timing and directionality of the
functional connectivity using data with higher temporal resolution than fMRI, such as time
frequency event related potentials or single electrode implantation in non-human samples
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(49,50). Further, to allow for communication between cortical regions within specific
networks there must be a white matter fiber path connecting them. Future studies using both
fMRI and diffusion tensor imaging techniques to look for a relationship between functional
and anatomical connectivity measures (51) would provide important cross validation to
these results. Finally, it would be interesting to investigate whether these abnormalities
present in current CD can be reversed after rehabilitation.

Present results suggest that impulsivity or difficulty to delay immediate reward characteristic
to cocaine dependent individuals may be associated with ongoing abnormal neural
connectivity in frontal regions. This information is potentially useful for designing
prevention and treatment strategies for cocaine dependent individuals by suggesting both the
need to regulate behavior (i.e. enhance self-control, cognitive flexibility and ability to delay
rewards) as well as the need to regulate functional connectivity within frontal regions.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Resting functional connectivity maps for healthy controls (HC; blue) and cocaine-dependent
(CD; red) are displayed together. Yellow: clusters in which groups overlap. Each row
represents a resting connectivity map for five seeds (green) in (A) caudal, (B) dorsal, (C)
rostral, (D) perigenual and (E) genual ACC. Functional maps showing a z value representing
correlation with seed timecourses are overlaid on an MNI brain in radiological orientation
(right is left). HC: healthy controls, CD: cocaine dependent, ACC: anterior cingulate cortex,
MNI: Montreal Neurological Institute.
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Figure 2.
3D brain in neurological orientation with slices cut at y=-10 and z=10. Green: Perigenual
ACC seed. Blue: DLPFC clusters in which cocaine dependent individuals showed higher
resting functional connectivity strength with perigenual ACC seed than controls. ACC:
anterior cingulate cortex, DLPFC: dorsolateral prefrontal cortex.
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Figure 3.
Scatter plots showing correlations between resting functional connectivity strength (z-
scores) perigenual ACC and DLPFC] and (A) reversal learning task and (B) delayed
discounting task. Individual CD participants are represented by solid circles and normal
participants by clear circles. ACC: Anterior cingulate cortex, DLPFC: dorsolateral prefrontal
cortex, CD: cocaine dependent.
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