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Opiate dependence (OD) and borderline personality disorder (BPD), separately and to-
gether, are significant public health problems with poor treatment outcomes. BPD is
associated with difficulties in emotion regulation, and brain-imaging studies in BPD
individuals indicate differential activation in prefrontal cingulate cortices and their interac-
tions with limbic regions. Likewise, a similar network is implicated in drug cue responsivity
in substance abusers. The present, preliminary study used functional MRI to examine
activation of this network in comorbid OD/BPD participants when engaged in an “oddball”
task that required attention to a target in the context of emotionally negative distractors.
Twelve male OD/BPD participants and 12 male healthy controls participated. All OD/BPD
participants were taking the opiate replacement medication Suboxone, and a subset of
participants was positive for substances of abuse on scan day. Relative to controls, OD/BPD
participants demonstrated reduced activation to negative stimuli in the amygdala and
anterior cingulate. Unlike previous studies that demonstrated hyperresponsivity in neural
regions associated with affective processing in individuals with BPD versus healthy
controls, comorbid OD/BPD participants were hyporesponsive to emotional cues. Future
studies that also include BPD-only and OD-only groups are necessary to help clarify the
individual and potentially synergistic effects of these two conditions.
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Borderline personality disorder (BPD) is
characterized by functional impairment across
interpersonal, behavioral, cognitive, and espe-
cially emotional domains (Rosenthal et al.,
2008; Skodol et al., 2002). In addition to diffi-
culties associated with the disorder itself, BPD
frequently co-occurs with Axis I disorders in-
cluding substance dependence (Grant et al.,
2008; Skodol et al., 2002). Comorbidity be-
tween opiate dependence (OD) and BPD is par-
ticularly problematic. Within treatment-seeking
OD populations, comorbidity with BPD ranges
from 5.2% (Brooner, King, Kidorf, Schmidt, &
Bigelow, 1997) to 44% (Sansone, Whitecar, &
Wiederman, 2008), and among individuals
identified with BPD, approximately 38% meet
criteria for drug abuse or dependence (Trull,
Sher, Minks-Brown, Durbin, & Burr, 2000).
Among those in treatment for OD, the presence
of BPD is associated with poorer outcomes,
including higher rates of mood disorder, heroin
overdose, suicide, and injection-related health
problems at follow-up (Darke et al., 2007;
Kosten, Kosten, & Rounsaville, 1989). One po-
tential contributor to the high rate of comorbid-
ity between BPD and OD is a desire among
BPD individuals to “self-medicate” as a way of
coping with overwhelming negative affect
(Trull et al., 2000). A greater understanding of
affective processes that underlie comorbid OD/
BPD has the potential to inform the understand-
ing and treatment of this difficult condition.

Disruptions in affective processing have been
observed in both BPD and OD. In BPD, studies
using self-report and experience sampling tech-
niques have demonstrated greater affective in-
stability (Ebner-Priemer et al., 2007; Koenigs-
berg et al., 2002; Stein, 1996; Trull et al., 2008).
Psychophysiological studies of emotion in BPD
are mixed, with some studies suggesting height-
ened physiological reactivity to emotion
(Ebner-Priemer et al., 2005, 2007) and others
suggesting hypoarousal (Herpertz, Kunert, Sch-
wenger, & Sass, 1999; Herpertz et al., 2000). In
addition, individuals with BPD show height-
ened sensitivity to identification of emotional
cues in laboratory studies (Domes et al., 2008;
Lynch et al., 2006; Wagner & Linehan, 1999).
In contrast to heightened sensitivity to emotion
in BPD, OD individuals show impaired ability
to identify facial expressions of emotion (Korn-
reich et al., 2003; polysubstance users including
a high percentage of opiate users; Verdejo-

Garcia, Rivas-Perez, Vilar-Lopez, & Perez-
Garcia, 2007). Although studies are inconsistent
in reports of heightened or reduced subjective
ratings of emotional cues relative to non–
substance-using controls, OD individuals show
an attenuated heart rate, blood pressure, and
endocrine response to negative stimuli relative
to controls (Gerra et al., 2003), anomalous zy-
gomatic muscle reactivity to negative images
(Lubman et al., 2009), and exaggerated atten-
tional blink (i.e., a deficit in perceiving the
second of two stimuli presented in close suc-
cession) to negative and neutral (but not addic-
tion-related) stimuli following an initial stimu-
lus (Liu, Li, Sun, & Ma, 2008). They also fail
to demonstrate valence or arousal effects on
attention as measured by P300 event-related
potential responses to novel cues in positive,
negative, and neutral emotional contexts
(Marques-Teixeira & Santos Barbosa, 2005).
These findings have led to the suggestion that
substance-dependent individuals, including OD,
demonstrate a reduced sensitivity to emotional
stimuli (Verdejo-Garcia, Perez-Garcia, &
Bechara, 2006). Given findings of emotion hy-
persensitivity in BPD and hyposensitivity in
OD, it is unclear how emotion sensitivity may
be affected in a comorbid population.

Consistent with behavioral and self-report stud-
ies, BPD is characterized by functional changes in
brain regions serving emotional processes. BPD
individuals show reduced ventromedial prefrontal
activation, including orbitofrontal cortex, and in-
creased limbic/striatal activation when engaging
in a go/no-go task under emotional load, suggest-
ing a neural link between emotion dysregulation
and impulsive behavior (Silbersweig et al.,
2007). Likewise, heightened activity in
amygdala (Donegan et al., 2003; Driessen et al.,
2004; Herpertz et al., 2001; Koenigsberg et al.,
2009; Minzenberg, Fan, New, Tang, & Siever,
2007), medial prefrontal cortex (Herpertz et
al., 2001; Schnell & Herpertz, 2007), and or-
bitofrontal cortex (Driessen et al., 2004) has
been observed in BPD participants (relative to
both healthy controls and non-BPD individuals
with a history of trauma or abuse) when engag-
ing with emotional stimuli. Disturbed connec-
tivity between prefrontal regions (associated
with emotion regulation and impulse control)
and limbic regions including amygdala (associ-
ated with emotion reactivity) has been impli-
cated in BPD (New et al., 2007). Overall, neu-
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roimaging studies largely provide support for
the presence of an underlying biologically
based emotional dysfunction in BPD, including
enhanced frontolimbic activation to emotionally
aversive cues.

Less is known about neural responding to
emotional cues in OD individuals. In OD,
heightened activity in response to drug-related
cues has been observed in the same frontolimbic
regions associated with emotional processing,
including amygdala, medial prefrontal cortex,
and orbitofrontal cortex (e.g., Yang et al.,
2009). In a recent study of reactivity to affective
cues in heroin-dependent and non– heroin-
dependent control groups, the heroin-dependent
participants showed reduced activation in right
amygdala to negative versus neutral images
(Z. X. Wang et al., 2010). It has been suggested
that in drug dependence, neural circuits typi-
cally activated by attention, motivation, and
emotion are “hijacked,” increasing the salience
of drug cues at the expense of other cues
(Daglish et al., 2003).

The goal of the current study was to compare
responses to affective stimuli between a comor-
bid OD/BPD sample and healthy controls using
functional MRI (fMRI). The experimental task
asked participants to attend to a neutral target
image in the context of affective and other dis-
tractor images. We hypothesized that group dif-
ferences would be observed in frontolimbic
affective processing regions when viewing
emotional versus neutral distractors. However,
given that OD is associated with dampened
emotional responding, whereas BPD is associ-
ated with heightened emotional responding, the
direction of that difference (i.e., heightened vs.
reduced) is unknown.

Method

Participants

Twelve male participants (two left-handed,
mean age � 30.8 years) who met full diagnostic
criteria for both OD and BPD and 12 healthy
control subjects (two left-handed, mean
age � 32.8 years) participated in the study.
Participants in the OD/BPD group were re-
cruited from an outpatient treatment study com-
paring dialectical behavior therapy and standard
individual/group drug counseling as treatments
for OD in individuals with BPD. Participants

from both treatment conditions were included.
All participants were recruited and scanned at
the University of Washington. Control partici-
pants were recruited via local and university
website and flier advertisements. The inclusion
criteria for the OD/BPD treatment study were
(a) diagnosis of primary OD, as assessed by the
Structured Clinical Interview for DSM–IV—
Axis I (SCID–I; First et al., 1995); (b) diagnosis
of BPD, as assessed by the Structured Clinical
Interview for DSM–IV Disorders—Axis II
(SCID–II; First et al., 1997); (c) no diagnosis of
bipolar disorder or psychotic disorders, as as-
sessed by the SCID–I; (d) estimated verbal IQ
of 75 or greater, as assessed by the Peabody
Picture Vocabulary Test (Dunn & Dunn, 1997);
and (e) no current use of prescribed psychiatric
medications (e.g., antidepressants). Axis I con-
ditions not specifically ruled out as stated above
were permitted (e.g., major depressive disorder,
eating disorders, anxiety disorders were al-
lowed). OD/BPD participants had been in treat-
ment for an average of 14.8 weeks, and all
OD/BPD participants were taking the opiate
replacement medication buprenorphine/nalox-
one (Suboxone). No other psychoactive medi-
cations (e.g., antidepressants) were prescribed
or permitted in the protocol, and all previously
prescribed psychoactive medications were dis-
continued or tapered before participants entered
the treatment study. Control subjects were life-
time-free of substance abuse or dependence and
opiate use, as assessed by the SCID–I, and did
not meet criteria for BPD, as assessed by the
SCID–II. Further inclusion criteria for all par-
ticipants included no conditions that would
interfere with the safety or quality of MRI scan-
ning (e.g., implanted metal, history of neurolog-
ical injury, claustrophobia) and male gender.
The study was restricted to a single gender in
order to reduce gender-related variance in emo-
tion reactivity (Cahill, 2003), and male gender
was selected because males are underrepre-
sented in studies of BPD.

Detailed demographic and clinical assess-
ments for the two groups are listed in Table 1.
Groups did not differ in age or race/ethnicity,
but the control group had a higher average ed-
ucation level than the OD/BPD group. The
study was approved for ethical treatment of
human subjects by the Institutional Review
Boards at the University of Washington and
Duke University Medical Center (where pilot
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testing and data analyses were conducted), and
all subjects provided written informed consent
after the procedures had been fully explained.

Scan Day

Urinalysis (UA) was performed at the begin-
ning of the scan session for both OD/BPD and
control groups. UA measured detectable levels
of opiates, amphetamines, methamphetamines,
barbiturates, benzodiazepines, cocaine, PCP,
marijuana, methadone, and tricyclics (Triage
TOX system, Biosite Inc., San Diego, CA).
OD/BPD participants received their prescribed
dose of buprenorphine/naloxone immediately
before the scan. Dissociative symptoms were
measured by the four-item Dissociative Symp-
toms Scale (DSS; Stiglmayr, Shapiro, Stieglitz,
Limberger, & Bohus, 2001) before and after the
scan. Anatomical and functional images were
collected in the same scan session.

Experimental Design

An “emotional oddball” task (L. Wang et al.,
2008; L. Wang, McCarthy, Song, & LaBar,
2005) was administered in which participants
were asked to watch for a target image in the
context of standard scrambled images as well as
negative, neutral, and drug image distractors.
All of the distractors were trial-unique. The
presentation frequency for targets and negative,
drug, and neutral distractors was 2.85% each,
with standards making up the remaining 88.6%

of stimuli presented. Participants pressed a re-
sponse button using their right index finger on
detection of a target oddball stimulus (circle)
and their right middle finger to all other stimuli.
The imaging session consisted of 10 runs, each
containing 175 stimuli (stimulus dura-
tion � 1,500 ms, interstimulus interval � 2,000
ms). The interval between successive rare stim-
uli (targets and distractors) was randomized be-
tween 16 and 20 s to allow hemodynamic re-
sponses to return to baseline.

The present study focused on negative image
distractor trials; activation tables for target and
drug cue trials are reported in supplemental
materials available online.

Stimuli

The stimuli and design of the emotional odd-
ball task were similar to those described previ-
ously (L. Wang et al., 2005). Briefly, distractor
images were chosen from the International Af-
fective Picture Set (Lang, Bradley, & Cuthbert,
2005) and images used in previous studies (L.
Wang et al., 2005). Negative images included
pictures of injury, conflict, and facial displays of
negative emotions, and neutral images included
everyday scenes of work and shopping as well
as neutral facial displays. Drug pictures in-
cluded scenes of drug use, drug paraphernalia
and supplies, social contexts, and money. Dis-
tractor images were categorized as negative,
neutral, and drug-related based on pilot testing
by 11 control and seven OD/BPD participants

Table 1
Demographic and Questionnaire Information for Control and
OD/BPD Participants

Variable Control (n � 12) OD/BPD (n � 12)

M (SD) age (years) 32.8 (13.9)a 30.8 (9.5)a

M (SD) education group 7.5 (1.8)a 4.5 (1.5)b

Education group: Mode Some college (6/12) Some college (5/12)
Racial/ethnic background (%)

White/Caucasian 50.0a 66.7a

White/Latino 8.3 8.3
Asian 41.56 0.0
Native American 0.0 8.3

Left-handed (n) 2a 2a

M (SD) dissociation score 0.25 (0.58)a 1.91 (1.73)b

Note. OD/BPD � opiate-dependent/borderline personality disorder group. Education
groups range from 2 � some high school to 10 � doctoral degree. Differing subscripts across
rows indicate a significant difference at p � .05; identical subscripts indicate no statistical
difference.
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(who did not participate in the main study). On
a 9-point visual analog scale, negative images
averaged valence scores of 2.3 and arousal
scores of 6.1; neutral images averaged valence
scores of 4.7 and arousal scores of 3.1. The
attentional targets were circles of varying sizes
and luminance, and the standard stimuli were
phase-scrambled and luminance-matched ver-
sions of the distractors. All images were con-
verted to grayscale.

Image Acquisition and Analysis

Magnetic resonance images were acquired on
a 3.0 Tesla Phillips Achieva scanner and were
analyzed as described previously (L. Wang et al.,
2005). High-resolution T1 images were collected
using a 3D MPRAGE pulse sequence (a Turbo
Field Echo sequence with an inversion pulse) and
an R/L SENSE factor of 1.5. Parameters for ana-
tomical scanning were modified over the course of
the study; however, all data were normalized to
standard space following coregistration, so the
impact of these changes should be minimal.1

Functional 2D radiant echo EPI images were ac-
quired transaxially with the following parameters:
TR � 2,000 ms, TE � 30 ms, FOV � 24 � 24
cm, flip angle � 76°, matrix � 64 � 64, 32
contiguous images, slice thickness � 3.8 mm,
resulting in 3.75 � 3.75 � 3.8 mm voxels.

Image preprocessing was conducted using
temporal realignment for interleaved slice ac-
quisition and spatial realignment to adjust for
motion using affine transformation routines im-
plemented in SPM (Wellcome Department of
Cognitive Neurology, London, England). The
realigned images were coregistered to the ana-
tomic images obtained for each participant and
normalized to SPM’s template image, which
conforms to the Montreal Neurologic Institute’s
standardized brain space. The voxel size
was 3.5 � 3.5 � 3.5 mm3 after normalization.
The functional data were spatially smoothed
with an 8-mm isotropic Gaussian kernel prior to
statistical analysis.

The voxel-wise and region of interest (ROI)
analyses used custom MATLAB scripts (Pel-
phrey et al., 2003; Dolcos & McCarthy, 2006;
L. Wang, LaBar, & McCarthy, 2006). Event
epochs were extracted for a voxel-based event-
related analysis and a functional ROI analysis.
The hemodynamic response was time-locked to
the onset of each image of interest (negative and

neutral distractors). The whole epoch of each
event was extracted from �4 s before the onset
of the stimulus to 14 s postonset. Voxel-based
signal percentage change at each postonset time
point (from 0 s to �14 s) was calculated for
each subject by subtracting the mean prestimu-
lus baseline activity (activity to scrambled pic-
tures presented from �4 s to 0 s prior to each
event) and then averaging across all trials with
the same event type. We validated the hemody-
namic time course at each voxel by testing the
correlation of the hemodynamic response across
time with the canonical gamma hemodynamic
response for each event in each subject.

Statistical contrasts at each time point were
set up using a random-effect analysis to calcu-
late signal differences between the conditions of
interest across each group of participants. Sta-
tistical t maps at each time point were derived
for the events of interest, resulting in a t statistic
for every voxel. This sequential approach ac-
counts for intersubject variability and permits
generalization to the population at large. Only
the results at peak time point 6 s poststimulus
are reported here. Only those voxels whose he-
modynamic responses were significantly corre-
lated with the canonical hemodynamic response
(false discovery rate-corrected p � .01 with a
spatial extent of five contiguous voxels) were
entered into further within- and between-
groups analyses. Two-sample t tests were
conducted to compare voxel-wise signal
changes at the peak time point (6 s poststimu-
lus) between OD/BPD and controls for each
negative image, threshholded at p � .001,
uncorrected with a spatial extent of five con-
tiguous voxels. Regions were identified using
Harvard–Oxford and Talairach atlases.

To visualize the hemodynamic response pro-
file for each functional region, we performed an
ROI analysis. The middle frontal gyrus (MFG),
anterior cingulate gyrus (ACG), amygdala, and

1 For the first four subjects, images were collected in the
sagittal plane with the following parameters: repetition time
(TR) � 7.0 ms, echo time (TE) � 3.25 ms, 160 contiguous
images, slice thickness � 1 mm. The last 20 subjects were
scanned with the following T1 parameters: TR � 7.6 ms,
TE � 3.7 ms, 64 contiguous images, slice thickness � 1.9
mm. Ten subjects were collected in the axial plane, and the
remaining subjects were collected in oblique axial orienta-
tion, parallel to the AC-PC line. For all subjects, field of
view (FOV) � 24 � 24 cm, flip angle � 8°, reconstruction
matrix � 256 � 256.
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hippocampus were chosen as ROIs on the basis
of previous study results (L. Wang et al., 2005,
2006, 2008). The mean signal change within
each ROI was computed for each time point for
each event. Only regions demonstrating voxel-
based cluster group differences in t values at
p � .01 in the present study were further ana-
lyzed. To confirm the voxel-based findings, we
conducted a statistical analysis using analysis of
variance (ANOVA) on the ROIs, focused on the
mean percentage signal change by hemisphere
at the peak time point (6 s poststimulus). A 2
(type: negative, neutral) � 2 (group: OD/BPD,
control) ANOVA was performed.

Results

Sample Characteristics

UA results were negative for opiates for eight
of 12 OD/BPD participants. The most common
positive nonopiate result was for THC (9/12
positive), followed by cocaine (2/12), benzodi-
azepines (1/12), and amphetamine (1/12).
Among controls, one participant was positive
for THC, and the remaining 11 were negative
for all substances.

Reaction Time and Self-Report

We conducted t tests to compare square-root
transformed in-scanner reaction times (RTs) be-
tween groups. The OD/BPD and control groups
did not differ in their RTs to negative,
t(22) � 0.31, p � .75, or neutral stimuli,
t(22) � 0.76, p � .45. In rating the valence and
arousal levels elicited by each image after the
scan, data for two control participants and three
OD/BPD participants were discarded because of
systematically repeated ratings (used the same
number for all ratings) and notably short (�300
ms) RTs. Subjective valence and arousal ratings
for negative and neutral distractors were analyzed
using 2 (distractor valence: negative, neutral) � 2
(group: OD/BPD, control) multivariate analyses
of variance for valence and arousal ratings. For
valence ratings, there was a significant main
effect of distractor valence, F(1, 17) � 38.83,
p � .00001, such that negative images were
rated more negative than neutral images. The
main effect of group was not significant, F(1,
17) � 0.91, p � .34, nor was the Distractor
Valence � Group interaction, F(1, 17) � 0.79,

p � 44. Similarly for arousal ratings, there was
a significant main effect of distractor valence,
F(1, 17) � 29.72, p � .00004, such that nega-
tive images were rated more arousing than neu-
tral images. The main effect of group was not
significant, F(1, 17) � 0.04, p � .84, nor was
the Distractor Valence � Group interaction,
F(1, 17) � 0.03, p � .86. Average image rat-
ings and RTs are included in Supplemental Ta-
ble 3. Finally, pre- and postscan dissociative
symptom scores were averaged, and t tests were
used to compare scores between groups. Con-
sistent with dissociation as a symptom of BPD,
dissociation scores were higher in the OD/BPD
group than in controls, t(22) � 3.16, p � .005.
Scores are reported in Table 1.

fMRI

A direct statistical comparison between the OD/
BPD and control groups revealed activity reduc-
tions in the OD/BPD group to negative images
(negative–neutral distractor contrast) in emotional
processing regions including bilateral amygdala,
extending to hippocampus; ACG; and left sub-
genual cingulate. The OD/BPD group showed
greater activation than controls to negative images
in left inferior frontal gyrus (see Table 2 and
Figure 1). Follow-up 2 (group: OD/BPD, con-
trol) � 2 (distractor: negative, neutral) ANOVAs
were performed for the fronto-cingulate-limbic
ROIs; p values were Bonferroni-corrected to a
significance value of p � .007. Group � Distrac-
tor interactions were observed in dorsal ACG, left
and right amygdala (basal frontal and extended
amygdala), right MFG, and left hippocampus,
whereby controls, but not OD/BPD participants,
showed greater activation to negative than neutral
stimuli.2

Effects of Recent Substance Use and
Dissociation

To address the potential effects of recent sub-
stance use on activation in fronto-cingulate-
limbic ROIs, we coded the number of sub-
stances with positive UAs at the fMRI scan for

2 When education level was used as a covariate in ROI
analyses, there were no significant effects of, or interactions
with, the education variable. The overall pattern of results was
consistent when education level was used as a covariate.
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all participants (range: 0 – 4). Follow-up 2
(group: OD/BPD, control) � 2 (distractor: neg-
ative, neutral) ANOVAs for ROIs were re-
peated, adding the positive UA variable as a
covariate. There were no significant effects of,
or interactions with, the positive UA variable.
The overall pattern of results was consistent
when positive UAs were used as a covariate,
using a conventional p � .05 criteria for signif-
icance. Similarly, the presence or absence of a
positive screen for opiates was added as a co-
variate in a separate set of analyses. Again,
there were no significant effects of, or interac-
tions with, the positive opiate variable.

DSS scores were used as a covariate in an
additional series of Group � Distractor
ANOVAs predicting ROI activation levels.
Again, the overall pattern of results was un-
changed when including DSS scores as a cova-
riate, using a conventional p � .05 criteria for
significance. For dorsal ACG, left and right
amygdala, and right MFG, there was no signif-
icant main effect of DSS score or interaction
between DSS scores and image valence. For left
hippocampus, a significant main effect of dis-
sociation was observed, F(1, 21) � 14.23, p �
.001, as was an interaction between image va-
lence and DSS scores, F(1, 21) � 5.22, p � .03.
There was a significant negative correlation be-
tween DSS scores and hippocampal activation
to both negative and neutral distractors, r � .54,
p � .007, and r � .58, p � .003, respectively.

Discussion

The goal of the present study was to compare
affective processing between OD/BPD and con-
trol groups. The OD/BPD group showed re-
duced neural reactivity to negative distractors in
regions associated with affective processing
(amygdala, ACG) when compared with con-
trols. These results are inconsistent with previ-
ous studies of emotion reactivity in BPD, which
have generally found relatively heightened
amygdala activation (Donegan et al., 2003;
Driessen et al., 2004; Herpertz et al., 2001;
Koenigsberg et al., 2009; Minzenberg et al.,
2007). However, these results are consistent
with findings of reduced recognition of, and
physiological reactivity to, negative cues in OD
(Gerra et al., 2003; Kornreich et al., 2003; Z. X.
Wang et al., 2010). In the presence of comorbid
OD/BPD, it appears that neural activity to emo-
tional cues follows patterns more consistent
with substance use than with personality disor-
der processes.

One potential explanation for reduced ACG
and amygdala activation in the OD/BPD group
is that opiate use in BPD is driven, in part, by an
attempt to reduce hyperresponsivity to negative
affective cues (cf. Trull et al., 2000), which may
in fact be successful. Also, buprenorphine ad-
ministration, a component of the buprenor-
phine/naloxone maintenance medication used
by study participants, is thought to reduce neg-
ative affect via its effect on opiate receptors

Table 2
Brain Regions Associated With Activation to Negative Versus Neutral Targets (Threshold p � .001)

MNI coordinates

Group Region BA Hemisphere Maximum t x y z Cluster size

Control � OD/BPD Subgenual cingulate 25 L 3.93 �4 14 11 6
Superior frontal gyrus 6 R 4.05 16 12 62 6
Anterior cingulate gyrus 24 Midline 5.02 0 4 35 8
Amygdala — R 5.01 25 4 �18 19

— L 4.71 �25 4 �18 14
Precentral gyrus 6 R 5.27 44 �2 50 23
Precentral gyrus 6 R 4.51 42 �7 49 7
Thalamus — R 4.03 7 �18 7 6
Cerebellum — R 4.10 14 �46 �11 9
Superior parietal sulcus 7 L 4.86 �35 �60 60 19

OD/BPD � Control Inferior frontal gyrus 45 L 4.87 �53 39 7 12

Note. BA � Brodmann Area; OD/BPD � opiate-dependent/borderline personality disorder group; MNI � Montreal
Neurologic Institute; R � right; L � left.
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(Gerra et al., 2006), although buprenorphine/
naloxone-maintained OD subjects still rated
negative affect higher than controls following a
chemical stressor (Kakko et al., 2008). It should
be noted that in the present study, participant
groups did not differ in their reported emotional
responses to negative images. Effects of bu-
prenorphine on neural activity are mixed, with a
PET study showing broad reductions in cortical
glucose metabolism following buprenorphine
injection (Walsh et al., 1994) and an fMRI study

showing increases in dorsal ACC activation in
methadone- or buprenorphine/naloxone-main-
tained OD subjects during a cognitive task
(Yucel et al., 2007). Acute buprenorphine ad-
ministration has been observed to potentiate
striatal activation and attenuate somatosensory
cortex and thalamic activation in the context of
a pain stressor, but effects on ACC and
amygdala are not reported (Upadhyay et al.,
2009). Thus, it is unclear what specific effect
buprenorphine/naloxone had on study results.
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Figure 1. Voxel-based random effect analysis for negative targets at the peak time point.
Significantly decreased activation in the opiate-dependent/borderline personality disorder
(OD/BPD) group compared with the control group from a two-sample t test on activation to
the negative minus neutral contrast at the peak time point ( p � .001, uncorrected, spatial
extent of five contiguous voxels). The mean percentage signal change in dorsal ACC (dACC)
and amygdala (averaged over left and right hemispheres) at the peak time point is shown in
the graphs below each image. Error bars reflect standard error of the mean. ACC � anterior
cingulate cortex; L � left hemisphere; R � right hemisphere.
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The degree of dissociative symptoms, although
higher in the OD/BPD group, did not account
for reduced ACC and amygdala activations.
Whether as a result of short-term administration
of maintenance medication, long-term opiate
use, or other factors, individuals with comorbid
OD/BPD do not show the expected amygdalar,
cingulate, or medial prefrontal hyperactivation
to negative cues characteristic of BPD.

This is the first fMRI study of which we are
aware that has examined comorbid OD/BPD, a
severe condition with poor treatment outcomes.
The use of male subjects provides a unique
contribution to the BPD literature, which often
focuses exclusively on female participants (e.g.,
Driessen et al., 2000, 2004; Herpertz et al.,
2001; Schnell & Herpertz, 2007; only one male
BPD participant in Silbersweig et al., 2007).
However, it is uncertain whether gender differ-
ences contributed to the finding of reduced emo-
tion network activation in the OD/BPD sample,
and further replication in a mixed-gender sam-
ple is in order.

There were additional limitations to the
study, which restrict its interpretability and
require further replication and expansion. Re-
cent substance use by the OD/BPD group may
have caused differences in stimulus percep-
tion or regional blood flow that are more
related to state effects than trait or diagnosis-
specific effects. Continued substance use is a
problem in OD research using populations not
in restricted treatment environments; it is fre-
quently observed in OD individuals engaged
in outpatient treatment (Gruber, Delucchi,
Kielstein, & Batki, 2008; Linehan et al.,
2002) and has been observed in previous neu-
roimaging studies of OD individuals in out-
patient treatment (e.g., Ersche et al., 2006).
However, as reported above, entering the
number of UA-positive substances or pres-
ence of recent opiate use as a covariate in ROI
analyses did not reveal any significant main
effects or interactions, suggesting that the im-
pact of acute substance use was not pro-
nounced. Future studies comparing individu-
als using opiate replacement medications with
those not using medications are required to
determine their impact. As in much of the
clinical fMRI literature, the sample size is
modest. Future larger scale studies also would
do well to include BPD-only and OD-only
comparison groups to help tease apart the

relative contribution of the two disorders, ver-
sus any synergistic effects of comorbidity
within individuals.

In conclusion, this study, despite its prelimi-
nary nature, is an important first step in charac-
terizing the neurological basis of emotional pro-
cessing in comorbid personality and substance
dependence disorders, and in this clinically
challenging population in particular. Reduced
activation was seen to emotional stimuli, hew-
ing more closely to effects seen in OD than in
BPD, a finding that may help inform interven-
tions focused on emotion regulation in this pop-
ulation. It is critical to expand the study of the
neurological underpinnings of disorders beyond
single-diagnosis samples if we are to fully un-
derstand the nature of disordered real-world
populations.
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