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Withdrawal-Associated Increases and Decreases in
Functional Neural Connectivity Associated with
Altered Emotional Regulation in Alcoholism
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Alcoholic patients who have undergone multiple detoxifications/relapses show altered processing of emotional signals. We performed
functional magnetic resonance imaging during performance of implicit and explicit versions of a task in which subjects were presented
with morphs of fearful facial emotional expressions. Participants were abstaining, multiply detoxified (MDTx; n= 12) or singly detoxified
patients (SDTx; n=17), and social drinker controls (n=31). Alcoholic patients were less able than controls to recognize fearful
expressions, and showed lower activation in prefrontal areas, including orbitofrontal cortex and insula, which mediate emotional
processing. The decrease in activation was greater in MDTx patients who also showed decreased connectivity between insula and
prefrontal areas, and between amygdala and globus pallidus. In the explicit condition, the strength of connectivity between insula and
areas involved in regulation of emotion (inferior frontal cortex and frontal pole) was negatively correlated with both the number of
detoxifications and dependency (measured by the severity of alcohol dependency (SADQ) and control over drinking score (Impaired
Control questionnaire, ICQ)). In contrast, increased connectivity was found between insula and the colliculus neuronal cluster, and
between amygdala and stria terminalis bed nucleus. In the implicit condition, number of detoxifications and ICQ score correlated
positively with connectivity between amygdala and prefrontal cortical areas involved in attentional and executive processes. Repeated
episodes of detoxification from alcohol are associated with altered function both in fear perception pathways and in cortical modulation
of emotions. Such changes may confer increased sensitivity to emotional stress and impaired social competence, contributing to relapse.

INTRODUCTION

A primary aim of physicians treating alcoholic patients is to
wean them from alcohol use, usually by a process of
inpatient or outpatient detoxification, followed by pharma-
cological or behavioral support to maintain abstinence.
Nevertheless, relapse is common, necessitating repeating
the process, so that individual patients may undergo many
detoxification episodes before achieving abstinence. Re-
peated detoxification results in increased sensitivity to
withdrawal seizures (Adinoff, 1994; Ballenger and Post,
1978), and perhaps other effects, including both cognitive
and emotional deficits (Stephens and Duka, 2008; Stephens
et al, 2005). Such emotional impairments may contribute to
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deficits in social interaction that lead to social isolation, in
turn supporting further drinking behavior.

In the present report we use a laboratory task, recognition
of fearful expressions in the faces of others, to characterize
the altered processing of such emotions in the brains of
alcoholic patients. We studied fearful expressions because we
had previously established that inaccurate fear recognition is
related to the number of previous detoxifications (Town-
shend and Duka, 2003), and centered our approach on the
amygdala and its connections. The role of amygdala in
processing of fear (LeDoux, 2000), including the recognition
of fearful facial expressions, is well established (Derntl et al,
2009). Repeated episodes of alcohol withdrawal in animals
alter amygdala physiology, including impaired synaptic
plasticity (Stephens and Duka, 2008; Stephens et al, 2005),
associated with impaired fear conditioning (Stephens et al,
2001). As impaired fear conditioning is also seen in alcoholic
patients and binge drinkers (Stephens and Duka, 2008;
Stephens et al, 2005), amygdala physiology may be altered in
these human populations too.
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We therefore asked whether multiply detoxified (MDTx)
patients would show changes in BOLD signals in amygdala
pathways during a task in which they viewed fearful facial
expressions. We included sublenticular extended amygdala
(SLEA), which is involved in human fear circuitry (Liberzon
et al, 2003), in our analyses. Impaired interpretation of the
emotional reaction generated by amygdala dysfunction may
also be attributable to dysfunction of insular cortex, which
mediates the experience of emotion (Craig, 2009).

The amygdala interacts with prefrontal cortical structures,
including orbitofrontal cortex (OFC) and medial prefrontal
cortex (Peters et al, 2009). Withdrawal-induced dysfunction
of cortical areas (Duka et al, 2011) might therefore elicit
similar outcomes by failing to modulate the amygdala
function. We thus tested the hypothesis that patients with
MDTx may show increased amygdala activity accompanied
by decreased activity of cortical structures involved in the
experience and modulation of emotion. Amygdala and
insula also interact with the other brain areas underlying
emotional processing, and functional neuronal connectivity
during the emotional challenge in these circuits could also
be affected by withdrawal-induced impairments in neuro-
plasticity.

Two conditions, an implicit perception of emotion and an
explicit labeling of the emotion in the facial expression were
used to challenge both subcortical and cortical structures and
their interaction (Hariri et al, 2000; Lange et al, 2003). The
implicit condition implies a passive view of threat stimuli,
whereas the explicit condition implies a requirement for
recognition and regulation of emotion. The latter condition is
thus more likely to recruit cortical areas, whereas the implicit
task is likely to reflect only subcortical processes.

MATERIALS AND METHODS
Study Population

Seventy-six volunteers out of 83 originally recruited,
physically healthy, and with no diagnosis of a psychiatric
or neurological disease were eligible for inclusion; 38
alcohol-dependent subjects diagnosed by independent
clinicians according to DSM-IV (APA, 1994) or ICD-10
(WHO, 1993) formed the patient group; thirty-eight mild-
to-moderate social alcohol drinkers served as controls. All
patients had been abstinent for a minimum of 2 weeks at the
time of the study and had been medically supported during
withdrawal with standard detoxification treatments, includ-
ing administration of chlordiazepoxide and thiamine. All
patients had ceased benzodiazepine treatment at least 72h
before testing. From the 76 participants, 60 provided eligible
fMRI data (see below) and data from only those participants
are presented.

Among the patient group, there was variable experience
of medically supervised detoxifications (MSDs) allowing us
to divide patients into two groups using information from
the medical records (events clearly described in the medical
records as periods of abstinence under medical super-
vision). The two groups consisted of those patients with two
or fewer (including current) MSDs (single detoxification
group; SDTx, n=17) and those patients with more than two
MSDs (multiple detoxification group; MDTx, n = 12).
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Additional information on patient population and on
inclusion exclusion criteria and restrictions during the study
are provided in Supplementary Materials and Methods.

Design and Procedure

The experiment lasted ~2.5.h. First, demographic details
were collected and participants completed questionnaires
including the Severity of Alcohol Dependence (SADQ) and
the Impaired Control scale (ICQ) Questionnaires (see
Supplementary Materials and Methods for details). They
then underwent safety screening for MRI scanning before
entering the scanner to complete the facial expression
recognition task. Postscan, a match-to-sample visual search
task taken from the CANTAB battery was carried out to
confirm that participants had good visuospatial abilities and
motor responses.

Facial Expression Recognition Task

Participants were presented with faces depicting expression
of fear in 50:50 and 100:0 fear-neutral morphs (see
Supplementary Figure S1). During the implicit task,
participants were asked to indicate the gender of each face
by pressing one of two buttons with their right index finger.
During the explicit task, participants were asked to decide
which of two emotions (fear or neutral) was displayed in
each face by pressing one of two buttons with their right
index finger.

Match to Sample Visual Search

An abstract pattern was presented in the center of the
screen. After 1000 ms, a varying number (1, 2, 4, or 8) of
similar patterns was presented in a circle of boxes around
the edge of the screen. The participant had to indicate which
of these matched the sample stimulus. See Supplementary
Materials for details.

Functional MRI Data

Details of data acquisition, preprocessing and modeling are
given in Supplementary Materials. To evaluate contrasts,
we employed a model that included separate regressors
for each of the three conditions of interest (ie, neutral,
intermediate fear (50%), and maximal fear (100%)), and an
additional regressor, which encoded button presses (see
Supplementary Materials).

Group-Level Inference

At the group level, we performed a random effect analysis.
Rescaled images of parameter estimates for each of the three
affective conditions for both implicit and explicit task runs
from the first-level analysis were entered into the second level
of analysis of variance (group(3) x task(2) x emotion(3) full
factorial). Statistical Parametric Maps (SPMs) of the ¢-
statistic were constructed using a generalized Greenhouse-
Geisser correction. For F-tests, SPMs were thresholded at
p<0.05. Unless otherwise stated, all results presented are
whole-brain corrected for multiple comparisons on the basis
of cluster extent. Otherwise, small-volume correction was



used where regional effects were predicted a priori. These
SVC results are indicated in the statistical tables.

Connectivity Analysis

For regions showing significant group differences connec-
tivity analyses were employed to determine whether the
changes in activation were related to altered inter-regional
communication (dysconnectivity). Amygdala and insula
were included as previous evidence suggests their roles in
emotional processing. As we expected significant between-
group differences in hemodynamic response and thus could
not confidently employ approaches dependent on deconvo-
lution of the HRF (eg, DCM or PPI), we employed a simple
seed-based functional connectivity analysis, based on
clusters identified in our whole-brain analysis. The model
also included white matter and CSF nuisance regressors
drawn from spheres deep in white matter (10 mm radius at
(27 —8 32)) and ventricular space (5 mm radius at (—17 —33
19)). All functional connectivity analysis models also
included the task conditions as nuisance regressors to
minimize the potentially confounding contribution of task-
related recruitment to assessment of connectivity strength.
These connectivity maps were entered into a Group (3) x
Task (2) full factorial ANOVA.

Regression Analysis

Additionally, we employed a whole-brain regression model
to identify any relationships between clinically relevant
measures (ie, the SADQ, ICQ, and the number of supervised
detoxifications) and the strength of connectivity. The ICQ
subscale depicts the inability to control alcohol drinking
and is therefore relevant for relapse. The SADQ score is
cumulative score of four subscales, which addresses mostly
physical dependency (see Supplementary Materials and
Methods for detail on SADQ questionnaire). Finally, BOLD
signal was extracted from all brain regions identified in the
whole-brain analysis using independently derived ROIs.
These regions were derived from the Automated Anatomical
Labelling Toolbox (Tzourio-Mazoyer et al, 2002) atlas
available for MARSBAR unless otherwise stated. The beta
coefficients were entered into a three-factor ANOVA
(ie, group (3) by task (2) by emotion (3)) for each
hemisphere separately to assess the relationship between
task-related BOLD response during task performance and
clinical measures.

Statistical Analysis

Participants. Participants were excluded from fMRI and all
other subsequent analyses if they showed excessive move-
ment (> 4.4 mm. in any plane; #n = 8), or made more than 10
errors or had more than 20 missing responses (>2 SDs
from the group mean) in either the implicit or the explicit
task for the 100% fear face stimuli (n=7; no group trends),
or failed to complete the questionnaires (n=1). Sixty
participants remained who were eligible for inclusion in the
fMRI analysis.

Questionnaires and behavioral data. Questionnaires, fMRI
facial expression task behavioral data and match to sample
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visual search data were analyzed using one-way ANOVA
with group (control, SDTx, and MDTx) as the between
subjects factor.

Significant main effects were interpreted using post-hoc
comparisons. All analyses were performed using SPSS 16.0
(SPSS, Chicago, IL).

RESULTS

Population Characteristics

The groups were well matched for age, gender, and full scale
IQ (for group characteristics and statistics see Table 1).

Behavioral Data

All groups showed high accuracy in the implicit task and
did not differ in fear recognition in the explicit task for the
100% fear condition; groups differed only with regard to
number of fear-biased recognition responses for 50% fear
morphs in the explicit task (Supplementary Table S1). Both
SDTx and MDTx patients produced significantly fewer such
responses than controls (F(2,57) =3.601, p=.034). There
were no group differences on any measurements in the
match to sample visual search task.

Functional MRI Results

Emotion and task effects. In response to fearful faces, a
large cluster of activation was found in the left fusiform
gyrus (Supplementary Figure S3 and Supplementary Table
S2) with greatest BOLD signal response to 100%, and little
difference between 50% fear and neutral faces (main
emotion effect).

Furthermore, during the explicit task condition, SLEA
and amygdala proper were more activated with 100% fear
than with 50% fear or neutral images; no activation was
seen during the implicit task condition (Supplementary
Figure S4; Supplementary Table S3). The frontal cortical
regions, OFC/anterior insula (Brodmann area 47), and the
ACC were activated with both 100 and 50% fearful faces
compared with neutral (Supplementary Figure S4; Supple-
mentary Table S3); no activation was seen in the implicit
task. In both cases, the findings were consistent with a
significant emotion by task interaction.

Group effects. A main effect of group (Figure la and ¢
Supplementary Table S4) was seen in the primary motor
cortex, indicating greatest BOLD signal in healthy controls
and the least in MDTx patients. Similarly, the OFC
parameter estimates were smallest in the MDTx group
(deactivation was present), but there was no reduction in
the SDTx group. A significant group effect was also found
for anterior insula. Finally, at an uncorrected threshold,
there was evidence for all three factors interacting in SLEA
(task by emotion by group interaction; Figure 1b, d, and e;
Supplementary Table S4). As we had predicted involvement
of amygdala and associated structures, a small volume
correction was applied using a 15-mm radius sphere around
coordinates drawn from an independent publication
identifying a role of SLEA in fear ((Liberzon et al,
2003) coordinates (8 10—7). Applying this correction, the
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Table | Population Characteristics for the Three Groups

Characteristics Controls (n=31) SDTx (n=17) MDTx (n=12) Statistics

Age (years), mean (SD) 402 (8.7) 37.6 (9.6) 444 (9.5) F(259)=1.79, NS
Men, no 16 I 7 12(2) =78, NS
IQ% mean (SD) 1067 (7.3) 1019 (7.1) 1063 (6.3) F(2,59) =2.62, NS
Detox®, mean (SD) NA 1.3 (0.5) 43 (1.5)° t(12.6) =—6.65 p<.001
Age of starting heavy drinking, mean (SD) NA 239 (10.3) 25.5 (7.9) t(27)=-477, NS
SADQP, mean (SD) NA 33.1 (14.3) 46.8 (64)° t(23.7)=-3.48, p<.001
ICQ, mean (SD) 112 (2.6) 127 (14) t(27) =—1.56, NS
Units/day®, mean (SD) 2.1 2.1) 39.1 (39.8) 48.1 (34.8) F(259)=18.59, p<.00I
Smokers, no® 6 14 9 7%(2) = 26.00, p<.00I
Cigarettes per day, mean (SD) 9.0 (57) 24.6 (18.1) 23.6 (8.2) F(2,28) =290, NS
Years smoked, mean (SD) 20.8 (12.9) 204 (11.9) 20.8 (9.0) F(220)<.0l, NS
Fagerstrom score (FTQ), mean (SD) 38 (24) 6.5 (2.8) 8.0 (24) F(221)=3.43, NS
BDIP mean (SD) 64 (7.6) 188 (11.3) 137 (11.6) F(2.59) =9.60, p<.001
State anxiety (STAI)®, mean (SD) 302 (7.6) 38.8 (9.9) 39.7 (14.2) F(259)=6.35, p<.0l
Trait anxiety (STAI)®, mean (SD) 36.6 (9.8) 50.6 (10.3) 463 (12.1) F(2.59)=10.82, p<.00I

Abbreviations: BDI, Beck Depression Inventory; ICQ, impaired control scale questionnaire; MDTx, multiply detoxified; NART, National Adult Reading Test; SADQ,
Severity of Alcohol Dependence Questionnaire; SDTX, singly detoxified; STAI, State and Trait Anxiety Inventory.

°lQ is taken from NART (National Adult Reading Test).
®Main group effect.
Significantly different from SDTx.

interaction remained significant. The pattern of BOLD
signals for the amygdala indicated that this interaction was
driven by a lack of activation in both SDTx and MDTx
compared with controls in the explicit task, and a decrease
in activation in MDTx compared with both SDTx and
controls in the 100% condition in the implicit task, whereas
in the same task an increased activation was seen in the
same group in the presence of the ambiguous stimulus (fear
50%). There was no reduction in BOLD activation when
performance on the 50% fear trials, which showed group
differences, was entered as a covariate in the analysis.

Connectivity analyses. There were significant main effects
of group in connectivity pattern for only the amygdala and
insula. Connectivity between amygdala and globus pallidus
(pallidum/putamen) was reduced in SDTx and even more so
in MDTx compared with controls (Figure 2a; Supplemen-
tary Table S5). The left insula’s connectivity with the
anterior cingulate gyrus (ACC), ventrolateral PFC (VLPFC),
and medial OFC/ventromedial PFC (VMPFC) was also
reduced in MDTx compared with SDTx and controls
(Figure 2c-e, see also Supplementary Table S6). Left
insula—frontal pole connectivity was also reduced in MDTx
compared with SDTx and controls (Supplementary Table
$6). An increased connectivity between left insula and the
colliculus neuronal cluster (right and left), and also between
amygdala and the Bed Nucleus of Stria Terminalis (right
BNST/hypothalamus) was seen in MDTx patients compared
with SDTx and controls (MDTx>SDTx> controls; see
Figure 2b and f; Supplementary Tables S5 and S6).

Regression analysis. The voxel-wise regression analysis for
the implicit fear processing within the alcoholic group
identified a significant positive relationship between the
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number of detoxifications as well as the ICQ score and the
strength of connectivity between amygdala and a large
cluster identified as dorsolateral prefrontal cortex (DLPEC)
(Figure 3a and b; see also Supplementary Table S7). No
relationships were found with SADQ score (Supplementary
Table S7).

During. explicit fear processing, a negative relationship
was found between the number of detoxifications, as well as
the ICQ score, and the strength of connectivity between left
insula and inferior frontal cortex (Figure 3c; Supplementary
Table S8). Furthermore, the ICQ score correlated negatively
with insula connectivity to the frontal pole bilaterally
(although only connectivity with right frontal pole reached
significance after multiple comparisons correction;
Figure 3d; Supplementary Table S8). In addition, left insula
connectivity to the frontal pole and medial orbitofrontal
gyrus was negatively correlated with the SADQ score
(Supplementary Table S8).

Figure 4 summarizes the connectivity data. Part a
presents the relative differences between controls and
MDTx for the seed areas: insula, amygdala, and other brain
areas, whereas part b presents the values of correlations
between these connections and the three clinical measures
of alcohol dependency.

DISCUSSION

In the present experiments we found that alcoholic patients
with increased incidence of detoxification/relapse show less
activation in prefrontal areas during performance of a task
in which we have previously shown alcoholic patients to be
impaired in recognizing fearful facial expressions in
ambiguous morphs (Townshend and Duka, 2003). The
overall pattern of activation in the task resembled that
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Brain regions identified with a main effect of group ((a) yellow) or a significant three-way interaction ((b) yellow). Clusters are shown at an

uncorrected voxel p-value of 0.001, with a minimum cluster size of 50 voxels. Primary motor cortex and orbitofrontal cortex (OFC) survived FWE
corrections; insula was thresholded following correction for multiple comparisons on the basis of spatial extent. Sublenticular extended amygdala (SLEA) was
identified based on region of interest analysis. Bar graphs depict changes of BOLD signal (mean £ SEM) for the main effect of group (c) and the interaction

involving group (d, ). MDTx, multiply detoxified; SDTx, singly detoxified.

described in the literature (Chaudhry et al, 2009; Vuilleu-
mier and Pourtois, 2007; Winston et al, 2003), suggesting
that our approach is reliable. In the same group of alcoholic
patients, increased connectivity was identified between
amygdala and the BNST, as well as insula and colliculus.
In contrast, decreased connectivity was present between
amygdala and globus pallidus, as well as insula and
prefrontal regions (eg, ACC, OFC and VLPEC). Areas
showing decreased activation included primary motor
cortex, and importantly, cortical affective structures includ-
ing OFC and insula, which are involved in identifying
the emotional significance of stimuli and in generating an
affective response (Adolphs et al, 2003; Phillips et al, 2003,
2004). The lower activation was independent of whether
the task was implicit or explicit, and of the degree of
fear present (50 or 100% morphs), and was more robust in
the subgroup of alcoholic patients who had undergone
multiple detoxifications. Reduced activations in prefrontal
areas (ACC and medial frontal gyrus), as well as insula,
of alcoholic patients viewing fearful expressions has been
previously reported (Salloum et al, 2007). In contrast
to our study, all six emotions were presented, potentially
exerting higher load for the processing and evaluation of

emotions, perhaps accounting for their findings of ACC
changes.

We found no evidence to support our prediction that
amygdalae of alcoholic patients would show increased
activation, either independently of cortical activity (during
presentation of fearful faces in the implicit condition), or as
a result of a decrease in activation of prefrontal structures in
the explicit condition. In the absence of changes in
amygdala activation, changes found in amygdala projection
areas known to control the expression of emotional
behavior (eg, SLEA) (Davis and Whalen, 2001; Liberzon
and Sripada, 2008) may be secondary to impaired prefrontal
cortical function. However, it cannot be excluded that
the apparent absence of changes in amygdala activation
results from an elevation of amygdala basal activity in the
patient groups, leading to a reduced ability of the
subtractive/relative approach in BOLD fMRI to detect an
effect. Future studies might use a more quantitative
approach such as ASL to address this possibility. Never-
theless, a previous study found alcoholic patients to
show reduced amygdala activation when viewing negative
emotional expressions (Marinkovic et al, 2009), and in
that study, amygdala response remained blunted when

Neuropsychopharmacology
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Figure 2 Brain regions showing a group effect in connectivity of amygdala (a, b) and insula (c—f) as seed chosen regions. For display purposes, maps are
shown at an uncorrected threshold of p<0.001. Bar graphs depict changes of BOLD signal in the different groups for implicit and explicit condition for
connectivity between right amygdala and right globus pallidus (a), left amygdala and right BNST/hypothalamus (b), left insula and right VMPFC (c), left insula
and left anterior cingulate cortex (d), left insula and left orbitofrontal cortex (OFC) (e), and left insula and right colliculus (f). MDTx, multiply detoxified;

SDTx, singly detoxified; VMPFC, ventromedial PFC

deep encoding of the emotional expression was required
(a condition not present in our study). Interestingly, under
this condition of high cognitive demand, there was a parallel
increased activation of lateral prefrontal areas in the
alcoholic patients.
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The insula interacts with prefrontal areas, such as ACC
and the OFC (Mesulam and Mufson, 1982a, b; Ongur et al,
2003; Singer et al, 2009), so that the lower connectivity of
insula with these areas in alcoholic patients with MDTx,
when compared with either controls or SDTx patients,
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would be expected to lead to general deficits in emotional
processing (eg, (Craig (2002); Singer et al (2009)). Lower
connectivity between amygdala and globus pallidus, on the
other hand, may reflect a reduction in emotionally driven
motivational outputs. Lower connectivity of insula with the
right VLPFC in MDTx patients could lead to reduced
adaptive responses to abrupt changes in the environment
(Levy and Wagner, 2011), thus compromising appropriate
responding.

Although lower connectivity may reflect less gray matter
(Duka et al, 2011), other neuronal networks showed greater

connectivity. Thus, greater connectivity was found between
insula and colliculus neuronal cluster, an important
subcortical area for arousal mechanisms. There is evidence
of a fast tracking network mediating early information
processing, involving the colliculus, activated by subliminal
signals of fear, which transfers the fear signal, bypassing the
cortex, to activate the locus coeruleus (Liddell et al, 2005);
such a system may activate attentional mechanisms and
facilitate processing in cortical regions involved in auto-
matic avoidance without conscious appraisal of threat (see
also Baas et al (2006)). The increase in connectivity between

Neuropsychopharmacology
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a Changes in functional neuronal networks in the brain
of alcohol dependent individuals

b Relationships between functional connectivity and
alcohol dependency measures

-0.7(SADQ)

osica) |07 (CO)

-0.6 (SADQ)
+0.6 (#DTx)

Figure 4 (a) Relative differences (broken line: less, non-broken line
greater) between controls and multiply detoxified (MDTx) patients in
functional neuronal connections between insula and amygdala as seed
regions, and other brain areas. The sign and magnitude of the difference
(patient beta coefficient minus control beta coefficient) is given for
each neuronal connection. (b) Relationships (r values) between intensity
of connectivity and measures of dependency (number of detoxi-
fications (#DTx), Severity of Alcohol Dependency Questionnaire (SADQ)
score, and DCQ score). For lateralization of brain areas see Supple-
mentary Table S5, S6, S7 and S8 in the Supplementary Material).
DLPFC, dorsolateral prefrontal cortex; OFC, orbitofrontal cortex; VLPFC,
ventrolateral PFC.

insula and colliculus may potentiate such a subliminal
excitatory input in MDTx patients. Greater connectivity was
also found between amygdala and BNST. BNST is one of the
key components of stress-induced relapse in animal models
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of addiction (Aston-Jones and Harris, 2004). Furthermore
BNST is involved in sustained reactivity to threat (Somer-
ville et al, 2010) and is associated with high trait anxiety
(Fox et al, 2008; Oler et al, 2009). As BNST activation is
associated with continuous monitoring of potential threat
(Somerville et al, 2010), we suggest that greater connectivity
between amygdala and BNST seen in alcoholic patients
facilitates neural integration of these structures, allowing
threatening stimuli to be more efficiently processed within
the extended amygdala.

The relative strength of some connections, but weakness
of others, in MDTx patients might be explained as a
consequence of changes in glutamate signaling. Ethanol acts
as an antagonist of glutamatergic NMDA receptors (Samson
and Harris, 1992), and compensatory effects include
increased glutamate release and upregulation of NMDA
receptors (Roberto et al, 2004, 2006) that persist following
withdrawal and are likely to lead to facilitation of NMDA
receptor-mediated calcium flux into postsynaptic neurons.
Such flux may give rise to increased synaptic strengthening
(Lack et al, 2007), but can also result in neurotoxicity, and
loss of connectivity (Stephens and Duka, 2008).

Both the number of detoxifications and patients’ per-
ceived inability to control their drinking were associated
with strength of neuronal connectivity between amygdala
and insula, and prefrontal regions. In the explicit condition,
strength of connectivity between insula and areas involved
in control of behavior and regulation of emotion (ie,
inferior frontal cortex, the frontal pole) was negatively
correlated with the number of detoxification, the severity
of dependency in general (SADQ), and the control over
drinking subscore (ICQ). In the implicit condition, the
number of detoxifications, and ICQ correlated positively
with connectivity between the amygdala and a large cluster
of prefrontal cortex areas involved in attentional and
executive processes (eg, DLPFC).

Although the number of detoxifications experienced by
the patients was highly associated with brain responsivity, it
cannot be excluded that the reduced activation in prefrontal
areas and changes in connectivity reflect other aspects of
alcohol dependence. Relationships with the numbers of
detoxifications might then arise from the more dependent
patients having undergone more detoxifications. However,
this seems unlikely, as other aspects of alcohol dependence
(eg, alcohol units drunk during the last 6 months or age at
which heavy drinking started) were not different between
the two subgroups of patients. Another possibility could be
that our findings reflect differences preceding (and perhaps
contributing to) alcohol dependence. There is evidence for a
decreased responsiveness to emotionally salient stimuli, as
measured by their startle response, of children at risk for
alcoholism (Miranda et al, 2002, 2003). Thus, for instance,
the reduced activation of SLEA, in both SDTx and MDTx in
the explicit condition and in MDTx in the implicit
condition, could represent a condition existing before
alcohol abuse (Glahn et al, 2007; Miranda et al, 2002,
2003) rather than a consequence of repeated detoxifications.
Such potential confounds are difficult to resolve within a
patient population, but animal behavioral data (Stephens
et al, 2001) consistent with the current findings suggest
consequences of repeated episodes of withdrawal on
emotional behaviour.



Taking the present data together, we can summarize that
in alcoholic patients prefrontal structures involved in the
regulation of emotion show less activation under emotional
task demands. Second, connectivity between insula and
other cortical structures underlying a top-down control of
emotional input is diminished. In contrast, connectivity
between insula and subcortical regions (colliculus), as well
as between amygdala and other subcortical regions (BNST)
underlying a bottom up emotional input, is exaggerated.
Such changes in connectivity in alcoholic patients may
contribute to altered anxiety reactions and, thus, to stress-
induced relapse.

Data from regression analyses revealed positive relation-
ships between numbers of detoxifications, as well as
between control over drinking score, and connectivity
strength in the network involving amygdala and prefrontal
structures. This positive relationship was found only when
cognitive demands were not present (ie, in the implicit
condition). On the other hand, when cognitive demands
were present (ie, in the explicit condition), the number of
detoxifications, severity of dependency, and control over
drinking score were negatively correlated with connectivity
strength in a network involving insula and prefrontal
structures. Thus, it seems that during a passive view of
threat stimuli (implicit condition), amygdala-related neural
networks become more strongly integrated as severity of
alcoholism increases. In contrast, when recognition and
regulation of emotion is required (explicit condition),
insula-related networks are less integrated as severity of
alcoholism increases. Again, increased connectivity in
amygdala-related networks would lead to an increased
emotional reactivity (Davis and Whalen, 2001), whereas
decreases in the network integrity of insula-related net-
works would lead to inappropriate analysis of the emotional
input (Bechara and Van Der Linden, 2005).

We recently reported that abstaining MDTx patients
are severely impaired in a task requiring processing
of conflicting motivational information (Duka et al,
2011); this impairment was associated with loss of gray
matter in areas of the brain including the ventromedial
prefrontal cortex and superior frontal gyrus. The present
findings indicate additional deficits in brain areas involved
in evaluating and expressing emotion. Together they
point to adverse effects of repeated detoxification on
two functions crucial for successful abstinence (on the
one hand making appropriate decisions to avoid risk,
and on the other allowing for emotions to be perceived
and expressed accurately in order to support a social
network).
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