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Although craving states are important to both cocaine dependence (CD) and pathological gambling (PG), few studies have directly
investigated neurobiological similarities and differences in craving between these disorders. We used functional magnetic resonance
imaging (fMRI) to assess brain activity in 103 participants (30 CD, 28 PG, and 45 controls) while they watched videos depicting cocaine,
gambling, and sad scenarios to investigate the neural correlates of craving. We observed a three-way urge type× video type × diagnostic
group interaction in self-reported craving, with CD participants reporting strong cocaine cravings to cocaine videos, and PG participants
reporting strong gambling urges to gambling videos. Neuroimaging data revealed a diagnostic group × video interaction in anterior cingulate
cortex/ventromedial prefrontal cortex (mPFC), activating predominantly to cocaine videos in CD participants, and a more dorsal mPFC
region that was most strongly activated for cocaine videos in CD participants, gambling videos in PG participants, and sad videos in control
participants. Gender × diagnosis × video interactions identified dorsal mPFC and a region in posterior insula/caudate in which female but
not male PG participants showed increased responses to gambling videos. Findings illustrate both similarities and differences in the neural
correlates of drug cravings and gambling urges in CD and PG. Future studies should investigate diagnostic- and gender-specific therapies
targeting the neural systems implicated in craving/urge states in addictions.
Neuropsychopharmacology (2016) 41, 628–637; doi:10.1038/npp.2015.193; published online 29 July 2015
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INTRODUCTION

Substance-use disorders (SUDs) are chronic relapsing
conditions (O'Brien et al, 1998) with substantial societal
costs (eg, National Institute of Health, 2008). Cocaine is used
by over 40 million Americans and cocaine dependence (CD)
is associated with significant health impairments (Sofuoglu
and Kosten, 2005). Pathological gambling (PG) and SUDs,
including CD, frequently co-occur and share genetic, clinical,
and diagnostic features (Leeman and Potenza, 2012). In fact,
shared genetic contribution in PG and CD may be more
substantial than with other SUDs (Xian et al, 2014). Based on
such similarities, PG was recently grouped with SUDs in
DSM-5 under ‘Substance Related and Addictive Disorders’
(APA, 2013; Holden, 2010; Potenza, 2013). Understanding
both shared and unique features between PG and SUDs
should help advance both prevention and treatment
strategies for these disorders and addictions more generally.
Appetitive and motivational states like drug cravings are

central to SUDs, including CD (O'Brien et al, 1998; Volkow
et al, 2006) and are associated with drug-taking and relapse

(eg, Epstein et al, 2010). Similarly, gambling urges contribute
importantly to PG, correlating with problem-gambling
severity (Petry et al, 2005) and relapse to gambling (Oei
and Gordon, 2008). Consequently, gambling urges have been
a target of treatment for PG (Grant et al, 2009).
Given the importance of craving/urges, their neural

correlates have been investigated in both CD and PG. For
example, Wexler et al (2001) presented CD participants
with videos depicting simulated cocaine use. This elicited
increased cocaine craving as well as increased activation
in medial prefrontal cortex (mPFC), insula, and anterior
cingulate cortex (ACC). Similar videos depicting gambling
scenarios elicited gambling urges and decreased activation in
mPFC and ACC in men with PG (Potenza et al, 2003b).
Other studies have observed relatively increased activation in
PG male participants to video and picture gambling cues in
regions including dorsolateral PFC and posterior cingulate
(Crockford et al, 2005; Goudriaan et al, 2010). We (Potenza,
2008) previously compared the neural correlates of cocaine
cravings and gambling urges in men only, and reported
similarities between the groups, including relatively dimin-
ished activations of ventrolateral PFC during cocaine
cravings in men with CD and gambling urges in men with
PG. Differences were also reported, with both dorsal and
ventral regions of mPFC/ACC relatively more activated
during craving in men with CD compared with PG

*Correspondence: Professor MN Potenza, Department of Psychiatry,
Yale University School of Medicine, One Church St. Suite 701,
New Haven, CT 06510, USA, E-mail: marc.potenza@yale.edu
Received 16 February 2015; revised 14 May 2015; accepted 2 June
2015; accepted article preview online 29 June 2015

Neuropsychopharmacology (2016) 41, 628–637
© 2016 American College of Neuropsychopharmacology. All rights reserved 0893-133X/16

www.neuropsychopharmacology.org

http://dx.doi.org/10.1038/npp.2015.193
mailto:marc.potenza@yale.edu
http://www.neuropsychopharmacology.org


(Potenza, 2008). However, as these studies have involved
small and predominantly or entirely male samples, larger
studies involving both men and women are needed to
investigate similarities and differences in the neural corre-
lates of gambling urges and cocaine cravings.
It is important to study addictions in a gender-informed

fashion (Mitchell and Potenza, 2015), as gender-related
differences (We chose to use the term ‘gender’ based on the
recommendations of the Committee for Understanding the
Biology of Sex and Gender Differences, established by the
Institute of Medicine (Torgrimson and Minson, 2005)) have
been reported in both CD and PG. For example, women
progress more rapidly from the initiation of cocaine use or
gambling to CD or PG diagnoses (termed ‘telescoping’;
Granero et al, 2009; Grant and Kim, 2002; Greenfield et al,
2010; Potenza et al, 2001). Similarly, CD women as
compared with men are more likely to consume cocaine
via routes that may be more ‘addictive,’ like smoking
(McCance-Katz et al, 1999), and women with PG differ
from men in the types of gambling preferred and performed
(eg, on electronic-gambling/slot machines; Grant and Kim,
2002; Potenza et al, 2001). In both CD and PG, negative
affect contributes more to cocaine use and gambling in
women compared with men (Grant and Kim, 2002; McKay
et al, 1996). Furthermore, women with CD or PG are more
likely to suffer from co-occurring depression and anxiety
compared with men with these disorders (Granero et al,
2009; Greenfield et al, 2010; McCance-Katz et al, 1999).
Finally, in CD, gender-differences have been reported in
response to pharmacological treatments (Kosten et al, 1993;
Pettinati et al, 2008) as well as in craving-related brain
activations (Kilts et al, 2004; Li et al, 2005; Potenza et al,
2012), although the pattern of differences has been incon-
sistent. Considering gender-related influences on the neural
correlates of craving/urge states may: (1) help resolve and
better understand some of the apparent differences observed
across studies to date; and (2) provide insight into gender-
related differences in brain function that might relate to
important clinical differences observed in PG and CD.
To directly compare neural activity during craving/urge

states in women and men with CD and PG, and control
participants (CPs) without either disorder, we recruited 114
participants for functional magnetic resonance imaging
(fMRI). Extending our prior work (Balodis et al, 2012b;
Kosten et al, 2006; Potenza, 2003b; Wexler et al, 2001),
participants viewed three types of videos depicting cocaine,
gambling, and sad scenarios. Cocaine and gambling
scenarios were designed to induce cravings/urges for cocaine
and gambling in CD and PG participants, respectively. Sad
videos were included as an emotional (non-urge) active
control condition and to examine emotional processing in
CD and PG. As our prior work had identified specific
patterns of brain activation during early vs final periods of
video viewing (Potenza et al, 2003b; Wexler et al, 2001), we
anticipated different patterns of activity during these discrete
periods. Furthermore, we hypothesized that activity in
regions previously implicated in drug cravings and gambling
urges in CD and PG, including mPFC, ACC, striatum and
insula, would be sensitive to diagnostic group and video type
(eg, with CD participants showing greater activation in
relation to cocaine videos). We also expected that some of
these regions may show additional gender-related differences

(ie, gender × diagnosis × video type interaction, as has been
seen in cravings in CD; Potenza et al, 2012).

MATERIALS AND METHODS

Participants

One hundred and fourteen participants (ages 18–59 years,
M= 35.61, SD= 10.89; 48 females) were recruited via
advertisements and referrals. Data from this large indepen-
dent sample have not been previously published. Participants
underwent phone screening to determine initial eligibility
and were excluded if they were left-handed, did not speak
English, were treatment-seeking, or reported pregnancy,
claustrophobia, head trauma with loss of consciousness, or
any implants or non-removable metal contraindicated in
MRI. Eligible participants were administered a structured
clinical interview for DSM-IV and the structured clinical
interview for PG (SCI-PG; Grant et al, 2004). From the CD
group, we excluded individuals with past/present PG, and
from the PG group we excluded any individuals with past/
present CD (see Supplementary Table 1 for listing of
psychiatric conditions in the sample). From the CP group,
we excluded individuals with any active (past 3 month) Axis-
I disorder. Across groups, participants were excluded if they
reported a history of neurological illness, psychiatric
hospitalization in the last 6 months (except for CD), or use
of psychotropic medications. After complete description of
the study, all participants provided informed consent, as
approved by the Yale Human Investigation Committee.
Eleven participants were dually diagnosed with both past or
present CD and PG and were excluded from further analyses.
The final sample included 103 participants, of whom 30 were
CD (ages 29–51 years, M= 42.93, SD= 6.09; 12 female), 28
were PG (ages 19–59 years, M= 33.39, SD= 10.81; 8 female),
and 45 CPs were neither CD nor PG (ages 18–54, M= 30.4,
SD= 10.76; 22 female). The South Oaks Gambling Screen
(Lesieur and Blume, 1987) and Fagerstrom Test for Nicotine
Dependence (Heatherton et al, 1991), two widely used, valid
and reliable measures, were used to assess severity of
problem gambling and smoking, respectively. Clinical and
demographic characteristics are summarized in Table 1.

In-Scanner Task

Participants viewed six videos depicting cocaine, gambling,
and sad scenarios presented in a counter-balanced order,
following our prior work (Kosten et al, 2006; Potenza et al,
2003b; Wexler et al, 2001). In each video, a male or female
actor was shown speaking to the viewer and describing a
cocaine use, gambling, or sad experience (see Supplementary
materials for additional details). Each participant saw two
videos from each category, with one male and one female
actor. The sequence of each run is described in Figure 1.
Each tape was preceded and followed by 30–45 s of baseline
(gray screen). After each run, participants were asked to rate
their urge to use cocaine and urge to gamble on a 1–10 scale
(1= not at all, 10= a lot). A mixed ANOVA involving three
diagnostic groups (CD, PG, CP) two gender groups (M, F),
three video types (cocaine, gambling, sad), and two urge-
report types (‘cocaine urge,’ ‘gambling urge’) was used to
evaluate participants’ in-scanner ratings, with video and urge
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types as within-subjects factors, and both diagnostic group
and gender as between-subjects factors.

Imaging Data Acquisition and Analysis

Images were obtained using a 3 T Siemens Trio MRI system.
Functional images were acquired in the axial plane parallel to
the AC-PC line (TR/TE= 1500/27 ms, flip angle= 60°, field
of view= 220 × 220 mm, and 25 × 5mm slices). In addition,
high-resolution 3D Magnetization Prepared Rapid Gradient
Echo structural images were acquired for multi-subject
registration (TR/TE= 2530/3.34 ms; flip angle= 7°, field of
view= 256 × 256 mm, and 176 × 1mm slices).

The first six images of each run were removed from
analysis. Functional images were then slice time-corrected
and motion-corrected with SPM5 (Wellcome Functional
Imaging Laboratory, UK). Trials with linear motion in excess
of 2 mm or rotation in excess of 3° were rejected. The
corrected images were smoothed with a Gaussian filter with a
full-width half maximum of 6.88 mm. Functional images
were then registered to each subject’s low-resolution and
high-resolution structural images, and warped into
Montreal-Neurological-Institute space using the Colin27
Brain in Yale BioImage Suite (http://www.bioimagesuite.
org/). Finally, data were converted to AFNI format (http://
afni.nimh.nih.gov).
Following our prior work (Kosten et al, 2006; Potenza et al,

2003b; Wexler et al, 2001), each functional run was divided
into periods of video viewing (Figure 1). The first baseline
period (B1), the initial 45 s of video viewing (V1), the final
45 s of video viewing (V2), and the last baseline period (B2).
For each subject, two comparisons were created: V14B1 and
V24B2 for each video type (cocaine, gambling, and sad). As
reported previously (Kosten et al, 2006; Potenza et al, 2003b;
Wexler et al, 2001), the first comparison investigates neural
activity associated with the emergence of craving/emotional
responses, whereas the second comparison investigates more
developed or protracted craving/emotional responses. For
each comparison, we performed a random effects 3 × 2 × 3
ANOVA involving three diagnostic groups (CD, PG, CP),
two genders (M, F) and three video types (cocaine, gambling,
sad). Results were family-wise error (FWE) corrected for
multiple comparisons using Monte Carlo simulation; a
voxel-based threshold of.005 with a 56-voxel extent (1538

Table 1 Demographics and Clinical Characteristics of N= 103

PG-M PG-F CD-M CD-F CP-M CP-F

Number of subjects 20 8 18 12 23 22

Demographics

Age: years (SD) 32.70 (9.71) 35.13 (13.77) 43.78 (13.06) 41.67 (6.46) 31.74 (12.41) 29.00 (8.81)

Race: White 15 5 4 2 15 12

Race: African American 3 3 13 10 8 6

Race: Other 2 0 1 0 0 4

Ethnicity

Hispanic 4 0 1 0 3 2

Non-Hispanic 16 8 17 12 20 20

Education: Years (SD) 13.10 (1.29) 13.38 (2.50) 13.06 (1.14) 12.30 (1.06) 14.5 (1.85) 15.09 (2.54)

Clinical characteristics

Cocaine dependence 0 0 18 12 0 0

Pathological gambling 20 8 0 0 0 0

Daily tobacco user 10 2 11 9 2 2

FTND (SD) 3.12 (3.48) 3.33 (1.41) 4.91 (2.43) 6 (3.32) NA NA

SOGS (SD) 13.53 (3.19) 12.86 (3.53) 1.2 (2.04) 2.11 (3.06) 0.45 (0.83) 0.53 (1.84)

Abbreviations: CD, cocaine dependent; CP, control participants; FTND, Fagerstrom test of nicotine dependence; F, female; M, male; NA, not available; PG, pathological
gambling; SOGS, South Oaks Gambling Screen.
Demographic and clinical characteristics of 103 participants shown by diagnostic group and gender.
Daily tobacco use values were NA for 2 PG-M, 1 PG-F, 3 CD-M, 3 CD-F, 1 CP-M, and 1 CP-F. FTND values were NA for 5 PG-M, 6 PG-F, 7 CD-M, 3 CD-F, and CPs.
SOGS values were NA for 1 PG-M, 1 PG-F, 3 CD-M, 3 CD-F, 3 CP-M, and 3 CP-F.

Figure 1 Schematic representation of each functional run and epochs
used in analyses. The epochs in each functional run are schematically
represented. B1 is the first baseline period, prior to video viewing (gray
screen). V1 corresponds to the initial 45 s of video viewing. V2 corresponds
to the final 45 s of video viewing. B2 is the second baseline period, after
video viewing (gray screen). The comparisons of interest were V14B1, and
V24B2. Self-reported emotional and motivational ratings were collected
after the end of each run.
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cubed millimeters) resulted in FWE-corrected Po0.05.
Results were visualized in BioImage Suite, and percent signal
change was extracted from regions that survived whole-brain
correction. Post hoc t-tests were performed to elucidate the
nature of the effects. Covarying for age did not significantly
change findings.

RESULTS

In-Scanner Subjective Ratings

Full results are presented in the Supplementary materials.
Importantly, we observed a three-way urge type × video
type × diagnostic group interaction on self-reported ratings
of urges (F(4,97)= 17.86, Po0.001), which showed that CD
participants reported highest cocaine urges to cocaine videos
and PG participants reported highest gambling urges to
gambling videos (Figure 2a and b, respectively). There were
no main or interactive effects involving gender (all P40.1).

Imaging Results

Imaging results are summarized in Table 2.

V1–B1

A significant main effect of gender was observed in a region
that includes the posterior hippocampus and middle
temporal gyrus (Supplementary Figure S1). Activity extracted
from this region was significantly greater for women than for
men (t(101)= 5.21, Po0.001). A main effect of video type was
observed in several regions including bilateral occipital,
temporal, and primary motor cortices, hippocampus, and
lateral PFC (inferior and middle frontal gyri, bilaterally;
Supplementary Figure S2). Signal extracted from each region
indicated relatively increased activation for the cocaine
videos compared with both gambling and sad videos (all
Po0.001).

A diagnostic group × video type interaction was observed
in perigenual ACC/medial PFC (Figure 3a; Supple-
mentary Figure S3). In this region, CD participants showed
greater activity for the cocaine videos compared with sad
(t(29)= 3.60, P= 0.001) and gambling videos (t(29)= 2.47,
Po0.05). Conversely, CPs exhibited significantly lower activity
to cocaine videos compared with gambling (t(44)= 2.11,
Po0.05) and sad videos (t(44)= 2.18, Po0.05). In PG
participants activity did not significantly differ between
videos. Additional between diagnostic group comparisons
showed greater activity in this region for CD and PG relative
to CP groups for cocaine videos (t(73)= 2.92, P= 0.005;
t(71)= 2.21, Po0.05), and lower activity for CD participants
relative to CPs (t(73)= 2.11, Po0.05) for sad videos.

V2–B2

During the final period of video viewing, a main effect of
gender was observed again in a region that transects the
posterior hippocampus and middle temporal gyrus
(Supplementary Figure S4), where activity was significantly
greater for women than for men (t(64.185)= 4.22, Po0.001). A
main effect of video type was observed in extensive regions of
the visual system, encompassing lateral and medial temporal
regions (including the amygdalae and hippocampi), extending
as far as the anterior insula, bilaterally (Supplementary Figure
S5). Activity in this region was greater for gambling videos
relative to both sad (t(102)= 6.40, Po0.001) and cocaine videos
(t(102)= 7.91, Po0.001). Activity was also greater in sad
relative to cocaine videos (t(102)= 3.18, Po0.005). A similar
pattern was found in the right middle frontal gyrus/premotor
cortex/insula and medial/superior frontal gyrus (SFG) such
that activity was greater for gambling compared with both sad
and cocaine videos (all P o0.005). Activity in posterior
premotor and motor cortex was greater for sad compared with
gambling (t(102)= 2.54, Po0.05) and cocaine (t(102)= 4.56,
Po0.001) and greater in gambling compared with cocaine
videos (t(102)= 2.39, Po0.05).

Figure 2 In-scanner subjective ratings. We observed a three-way urge type× video type × diagnostic group interaction (F(4,194)= 17.86, Po0.001). It shows,
as expected, that (a) cocaine-dependent participants reported strongest cocaine cravings to the cocaine videos and (b) pathological-gambling participants
reported strongest gambling urges to the gambling videos.

Cocaine cravings and gambling urges
H Kober et al

631

Neuropsychopharmacology



A diagnostic group × video type interaction was seen in a
single region in dorsomedial PFC (dmPFC)/ACC (Figure 3b;
Supplementary Figure S6). Activity in this region in PG
participants was greatest for the gambling videos, relative to
cocaine (t(27)= 281, Po0.01), and sad videos (t(27)= 1.93,
Po0.07), and also compared with CPs during the gambling
video (t(36.08)= 2.33, Po0.01). In CPs, activity was greatest
for sad videos (relative to gambling t(44)= 3.18, Po0.005, and
cocaine, t(44)= 1.82, P= 0.07). CD participants showed
greater activation during cocaine videos than did PG
participants (t(56)= 2.69, Po0.01), with a marginal difference
from CPs (t(73)= 1.81, P= 0.07).
Finally, a three-way gender × diagnostic group × video type

interaction was observed in putamen, extending to the
posterior insula, and in a region including mPFC/SFG
(Supplementary Figure S7). In the putamen/posterior insula
(Figure 4), PG women exhibited greater activity for gambling
videos compared with PG men (gambling; t(26)= 2.42,
Po0.05), and greater activity for gambling (t(7)= 3.20,

P= 0.05) and sad (t(7)= 2.62, Po0.05) videos compared
with cocaine videos. Conversely, activity in this region in CP
and CD women did not differ between video types (all
P40.05). This pattern was not apparent for men with PG or
CD (all Ps40.1). However, CP men showed greater activity
to gambling videos relative to sad (t(22)= 2.39, Po0.05) and
cocaine (t(22)= 2.92, Po0.01) videos.
In the mPFC/SFG (Figure 4b), PG men showed greater

activity to sad than cocaine videos (t(19)= 2.29, Po0.05). No
other within-group contrasts were significant for men.
Similarly, CP women showed greater activation for sad
relative to cocaine videos (t(21)= 2.73, Po0.02). CD women
showed greater activation for gambling compared with sad
(t(11)= 4.27, Po0.005, respectively) and cocaine (t(11)= 3.07,
Po0.05) videos.
Importantly, significant gender-related differences were

evident in this region. PG women showed significantly more
activity during cocaine video viewing relative to PG men
(t(25.93)= 4.80, Po0.005). CP women showed greater activity

Table 2 Neuroimaging Results: Regions Showing Significant Main or Interactive Effects of Gender, Video Type, and Diagnostic Group

Peak coordinates

Contrast Effect/region of activationa R/L X Y Z K Vol (mm3) Max Stat

V14B1

Gender

Hippocampus/Medial temporal gyrus R 32 − 42 7 102 2745 22.47

Video type

Visual occipital/middle and superior temporal cortex R 43 − 68 4 6257 168 935 90.47

Hippocampus/parahippocampal gyrus B 17 − 36 1 82 2209 15.84

Ventrolateral prefrontal cortex/inferior frontal gyrus R 43 30 3 157 4231 14.98

Lateral prefrontal Cortex/inferior and middle frontal gyrus L − 49 25 16 155 4198 14.91

Middle frontal gyrus/premotor cortex L − 49 − 3 32 127 3431 16.50

Middle frontal gyrus/premotor cortex R 37 − 3 24 205 5522 20.30

Diagnostic group× Video type

Perigenual anterior cingulate cortex/medial prefrontal cortex M − 3 38 8 78 2102 7.22

V24B2

Gender

Hippocampus/medial temporal gyrus R 38 − 48 2 63 1694 18.16

Video type

Visual occipital/middle+superior temporal/hippocampus B 48 − 25 4 12 355 333 577 101.09

Premotor cortex/middle frontal gyrus/insula R 46 8 25 119 3223 12.69

Superior and medial frontal gyrus L − 6 37 41 58 1563 9.62

Premotor/motor cortex/insula M 3 10 59 272 7351 12.08

Diagnostic group× Video type

Superior/medial prefrontal/dorsal anterior cingulate cortex L − 20 28 17 124 3358 6.40

Gender ×Diagnostic group× Video type

Putamen/posterior insula L − 34 − 19 3 58 1565 6.78

Medial prefrontal cortex/superior frontal gyrus M − 9 54 21 63 1688 7.67

Abbreviations: K, number of voxels; L, left; Max stat, F-value at peak voxel; R, right; Vol, volume in cubed millimeters; XYZ, coordinates.
aNote: please see Figures 3, 4 and S1–S7 for visual representations and directionality of effects.
Main and interactive effects of gender (male or female), video type (cocaine, gambling, or sad), and diagnosis (cocaine dependence, pathological gambling, and control
participants) in fMRI data. Results whole-brain family-wise-error corrected at Po0.05.
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during the sad video than CP men (t(43)= 2.09, Po0.05). CD
women differed from CD men for all three video types such
that CD women exhibited greater activity to the gambling
video (t(28)= 3.53, P= 0.001) but CD men showed greater
activity to sad (t(28)= 2.84, Po0.01), and, importantly,
cocaine videos (t(28)= 2.64, Po0.05), relative to CD women.

DISCUSSION

This investigation of the neural correlates of appetitive and
motivational (craving/urges) and emotional (sad) processing
in PG and CD identified significant main and interactive
effects of diagnostic group, video type, and gender. The
findings support our a priori hypotheses. Implications are
discussed below.

Subjective Responses

Consistent with our prior work, self-reported data show that
relative to CDs and CPs, PG participants reported increased
gambling urges to gambling videos, and that relative to PGs
and CPs, CD participants reported greater cocaine craving to
cocaine videos. This indicates that the videos increased urges
to use drugs or gamble in content- and diagnostic group-

specific manners. However, gender-related main or inter-
active effects in self-reported cravings or urges were not
observed, consistent with prior reports in CD (Li et al, 2005;
Potenza et al, 2012). Indeed, despite a common stereotype
that women may be more ‘emotional’ relative to men (eg,
Timmers et al, 2003), similarities in self-reported emotion
are common (see Barrett and Bliss-Moreau, 2009 for review).

Imaging Results

In the first viewing period we observed a video type ×
diagnostic group interaction in perigenual ACC/mPFC,
where CD participants showed increased activity while
watching cocaine videos compared with both PG partici-
pants and CPs. This region has been previously associated
with cocaine craving in CD, thus replicating and extending
prior findings in predominantly/solely male CD samples
(Potenza, 2008; Wexler et al, 2001). Conversely, some studies
with PG have reported hypoactivations in vmPFC during
gambling urges (eg, Potenza et al, 2003b, but cf, Goudriaan
et al, 2010). Reduced activity in this region has also been
reported in PG during cognitive control and monetary tasks
(Balodis et al, 2012a; Potenza et al, 2003a).
Across video types and diagnostic groups, women as

compared with men exhibited greater activity in the

Figure 3 Diagnostic group × video type interaction. We observed an interaction of diagnostic group × video type in both contrasts. (a) Activity in the
V14B1 contrast in a region in the perigenual anterior cingulate cortex that survived whole-brain family-wise-error correction (Po0.05). The graph shows that
activity in this region was significantly greater in cocaine-dependent (CD) participants while viewing cocaine videos. (b) Activity in the V24B2 contrast in a
region bordering dorsomedial prefrontal cortex and dorsal anterior cingulate cortex. The graph shows that activity in this region was significantly greater in
pathological-gambling (PG) participants while viewing gambling videos, in CD participants while viewing cocaine videos, and in control participants (CP) while
viewing sad videos. B1 is the pre-video baseline; V1 is the initial period of the video; V2 is the final period of video viewing; B2 is the post-video baseline.
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hippocampus and middle temporal gyrus. Given the affective
content in the videos and the role of these regions in memory
(Eichenbaum, 2004), it may be that memory retrieval is
involved in the generation of craving/urge-related emotions
and motivations (Balodis et al, 2012b; Kober et al, 2008) and
that women activate these regions more so than men during
this process. Memory-related activity would be consistent
with theories that view the videos as eliciting motivational
responses, which are related to participants’ ‘current
concerns’ about drug use or gambling (eg, Klinger and
Cox, 2004).
Finally, video-related activity across extensive occipital

and temporal visual regions, as well as hippocampal,
premotor, and frontal regions, was greatest for cocaine
videos. This may reflect some visual differences between
videos in that the cocaine videos depicted more activity in
the first period of video viewing (preparing to use cocaine,
compared with talking about a sad event or about
opportunities to gamble).
In the last period of video viewing, we observed a video

type × diagnosis interaction in a region of dmPFC/dACC.
Activity was selectively increased in a video-specific and
diagnosis-specific fashion: gambling videos in PG, cocaine
videos in CD, and sad videos in CP groups. The ‘matched’
responding in this region suggests that activity underlies the
motivational/emotional response generated for these videos,
and is consistent with several roles proposed for this region
including in emotion (Kober et al, 2008), emotion regulation
(Ochsner and Gross, 2005), attention (Weissman et al, 2005),

reward-based decision making (Bush et al, 2002), and mental
state attribution (Mitchell et al, 2005). We also found a three-
way gender × diagnosis × video type interactions in regions of
putamen/posterior insula and dmPFC/SFG. In the region
encompassing the posterior putamen and insula, PG women
(but not men) exhibited increased activity for gambling
videos. The insula is a large and heterogeneous region with
multiple functions, including a general role in interoception,
with the posterior insula particularly involved in integrating
sensory inputs (Craig, 2009). In addition, it has been
suggested that it is directly involved in response to drug
cues (Childress et al, 2008; Yalachkov et al, 2012), drug
craving (Garavan, 2010), and gambling urges (Goudriaan
et al, 2010). Further, damage to this region has been linked to
rapid smoking cessation and the elimination of cigarette
craving (Naqvi et al, 2007) and abolishes cognitive distor-
tions that drive gambling behavior (eg, ‘gambler’s fallacy’;
Clark et al, 2014). Similarly, the putamen has a role in coding
both action and associated reward value (Hori et al, 2009),
and is also often activated by drug cues during drug craving
(McClernon et al, 2008). Taken together, this finding
suggests that PG women may have a unique sensory and
motivational response in these regions relative to PG men
and non-PG women when encountering gambling-related
stimuli. In dmPFC/SFG, gender-related differences were
particularly salient for the CD group: CD men exhibited
greater activity for cocaine and sad videos compared with
CD women, who exhibited greater activity to the gambling
videos.

Figure 4 Gender × diagnostic group × video type interaction in the V24B2 contrast. We observed three-way gender × diagnostic group× video type
interactions during the V24B2 contrast. (a) A region that includes posterior portions of putamen and insula is shown. Graphs show extracted percent signal
change for men (left) and women (right). PG women exhibited greater activity to gambling videos compared with PG men. (b) A region of superior frontal
gyrus is shown. Graphs show extracted percent signal change for men (left) and women (right). CD men exhibited greater activity to both cocaine and sad
movies compared with CD women. Displayed results were identified using a voxel-wise threshold of Po0.005 and survived whole-brain family-wise-error
correction (Po0.05). V2 is the final period of the video viewing; B2 is the post-video baseline.
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We also observed significant gender-related differences
among CD participants, whereby men but not women with
CD activated this region strongly to cocaine videos. Given
the aforementioned role of the dmPFC in emotion and
emotion regulation, this pattern may suggest that women in
both patient groups differ from CPs in processing the
emotional content of sad material. In addition, these gender-
related differences specifically within CD participants suggest
that CD is associated with gender-specific alterations in the
processing of emotional stimuli, and cocaine-related stimuli
in particular. We also found a main effect of gender in
hippocampal and medial temporal regions, similar to the
first period of video viewing. Finally, we found a main effect
of video type in bilateral occipital and temporal visual
processing regions, as well as prefrontal regions, in which
activity was greatest for the gambling videos. Similar to the
first viewing period, this pattern may reflect the visual
properties of the videos, as more gambling-related activity
was depicted in this period in the gambling compared with
the cocaine or sad videos.
These findings have several important clinical implica-

tions. As reviewed previously, craving is a key feature of both
SUDs (O'Brien et al, 1998; Volkow et al, 2006) and PG
(Potenza et al, 2003b) that predicts drug use, gambling, and
relapse to those behaviors (eg, Epstein et al, 2010). Con-
sistently, commonly practiced and effective treatments for
these disorders include components on identifying triggers
for craving and on regulation of craving (such as relapse
prevention and cognitive-behavioral therapy; Carroll, 2008;
Grant et al, 2009). Furthermore, the regulation strategies
used in such treatments have been shown to directly reduce
craving (Kober et al, 2010a) as well as neural activity in
regions that instantiate craving (Kober et al, 2010b; Volkow
et al, 2010). The current work further suggests that craving
states may be instantiated differently across genders,
indicating that treatments may be made more effective by
elucidating gender-specific interventions that target craving.
Limitations of this work include the long and variable

duration of the videos used, which was addressed by selectively
comparing the first and last video viewing period, following
prior work with these or similar videos (Potenza et al, 2003b;
Wexler et al, 2001). The lack of non-emotional control videos is
another limitation of this study. Additional limitations include
the non-equal sample sizes of men, women, and cigarette
smokers between groups; however, this reflects typical clinical
characteristics of the samples studied (Desai and Potenza,
2008). The exclusion of participants with comorbid PG and CD
also limits the generalizability of findings to individuals with
either PG or CD diagnoses. A strength of the study involves the
use of an established task in a large sample that permitted the
identification of main and interactive influences on regional
activation related to gender, diagnosis, and video type, with
whole-brain-corrected thresholds.
Taken together, these findings from a large sample of 103

participants illustrate both diagnostic group and gender-
related patterns of neural responding associated with drug
craving and gambling urges in CD and PG, respectively.
Similarities in neural correlates of craving/urges across
diagnostic groups suggest possible targets for treatments
across CD and PG. The findings replicate prior work
showing that activity in ACC/mPFC may underlie cocaine
cravings in CD, and extend prior work by demonstrating this

effect across genders. Unique to this work are the observed
gender-, diagnosis-, and video-related differences in neural
responses in mPFC, putamen, and posterior insula, all
regions previously implicated in craving and affect proces-
sing. Although the exact role of these regions remains to be
more precisely elucidated, the current findings highlight the
need to systematically examine gender-related differences to
understand the neural substrates of both disorders. Such
research is important to increase our understanding of both
substance and non-substance addictions. Future work could
specifically address whether the differences we observed may
be related to altered emotional, physiological, or motivational
responses within each gender group and across disorders,
and how these findings might be used to generate improved
prevention and treatment strategies for women and men.
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