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Abstract

Functional neuroimaging has demonstrated the key role played by the insula in

severe alcohol use disorder (sAUD), notably through its involvement in craving and

body signals processing. However, the anatomical counterpart of these functional

modifications in sAUD patients with and without neurological complications remains

largely unexplored, especially using state-of-the-art parcellation tools. We thus com-

pared the grey matter volume of insular subregions (form anterior to posterior: ante-

rior inferior cortex, anterior short gyrus, middle short gyrus, posterior short gyrus,

anterior long gyrus, posterior long gyrus) in 50 recently detoxified patients with

sAUD, 19 patients with Korsakoff's syndrome (KS) and 36 healthy controls (HC). We

used a mixed linear model analysis to explore group differences in the six subregions

grey matter volume and lateralization differences. Insular macrostructure was globally

affected to the same extent in sAUD with and without KS, indicating that these

brain abnormalities may be related to alcohol consumption per se, rather than to

the presence of alcohol-related neurological complications. Insular atrophy showed a

right-sided lateralization effect and was especially marked in the posterior insula,

a region associated with visceral information processing and the embodiment effect

of a substance, from which craving arises. Anatomical damages might thus underlie

the previously reported altered insular activations and their behavioural

counterparts.
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1 | INTRODUCTION

The insula, a cortical area located deep within the lateral sulcus of the

brain, in the depths of the Sylvian fissure, has long been regarded

solely as a visceral sensory region.1,2 However, neuroimaging

techniques showed that the insula is an ultra-connected brain region3

that shows activations during a wider range of processes (see Nieu-

wenhuys4 for a non-exhaustive review of insular functions), suggest-

ing that insular role may go beyond simple visceral information

processing. Contemporary research now considers the insula as the
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main interoception neural substrate, because it is part of the intero-

ceptive pathway (i.e., lamina I spinothalamocortical system).5,6 This

pathway conveys information about the physiological state of the

organism to higher order processing structures (such as relay nuclei

located in the thalamus), up to the insula.6–8 While insular functional

and somatotopic organization remains relatively unclear,1,2,4 this inter-

oceptive information supposedly follows a posterior-to-mid-to-

anterior integration pattern within the insula.6–8 Firstly, the interocep-

tive information is processed in the posterior insula, where an objec-

tive representation of the physiological condition of the body is

contained; secondly, this activity is further integrated in the middle

insula with salient activity originating from sensory and sensorimotor

pathways; finally, the anterior insula integrates emotionally salient

activity from other forebrain regions, leading to a subjective meta-

representation of the physiological body condition and giving rise to

emotional awareness.5,9 These findings, clarifying the neural pathway

of interoception, helped to better grasp how interoceptive informa-

tion is processed through multiple steps and brain regions. They also

provided new exploration venues for the pathology research field and,

notably, the addiction field.

The insula is involved in the persistence of addictive disorders.

Patients with tobacco use disorder would indeed be more likely

(i.e., odds ratio higher than 136) to undergo a sudden and easy disrup-

tion of tobacco use following insular lesion, with neither craving per-

sistence nor relapse.10,11 Altogether with prior conceptualizations of

the insula as an interoception hub involved in the processing of bodily

sensations associated to drug abuse,10 these findings led to consider

the insula as a neural substrate for the conscious urge to use drug,

namely craving.11 Further determining the role of the insula in addic-

tion processes has however proved challenging because discrepancies

exist in the literature. On the one hand, it would seem that substance

use disorders emerge from a ‘sensitized’ (as called by Naqvi et al.10)

insula, because its lesion results in dependence disruption.12,13 On the

other hand, neuroimaging studies show that substance use disorders

emerge from a ‘desensitized’ insula because, overall, patients with

dependency show insular atrophy, with demyelination of insula white

matter tracts in severe alcohol use disorder (sAUD) for example.12–14

A way to overcome such apparently contradictory findings emerg-

ing in the sAUD field is to clarify the anatomical modifications of the

insula,12 associated with chronic and excessive drinking. Such explora-

tion has however revealed arduous due to discrepancies inherent to

insular parcellation techniques used. Major differences are found in

the parcellation procedure, which relies either on functional (based on

functional magnetic resonance imaging [MRI], mainly in human) or

anatomical (based on an atlas, mainly in animal) techniques, thus lead-

ing to discrepancies in the number, location and label of insular subre-

gions (i.e., from 2 to 13 anatomical/functional subregions).12,15 This

lack of homogeneity in insular parcellation methods thus impedes this

field of research results comparability and exactness.15 A concrete

illustration of insular heterogenous parcellation deleterious conse-

quences is the current state of findings in the AUD field. Although

AUD investigation is scarce, the few results show major heterogeneity

because findings do not concur, neither on lateralization (in right16 or

left17 versus bilateral18 insula) nor regions (in whole right16 versus

bilateral anterior19 insula or aggravated in bilateral anterior and left

posterior insula20) atrophy in patients presenting sAUD. Moreover, all

previous studies (with the exception of a previous study,17 which was

not specifically exploring the insula) focused solely on sAUD, without

exploring insular alterations following alcohol-related neurological

complications such as Korsakoff's syndrome (KS).

We aimed to investigate insular volume in patients with sAUD

and KS while overcoming the above-mentioned insular parcellation

limits. To do so, we followed a refined anatomical insular parcellation,

resulting in six left and six right insular subregions.21 The rationale for

using this specific insular parcellation is that, by combining both

macro-anatomical landmarks and probabilistic techniques, this parcel-

lation based on a probabilistic atlas21 overcomes prior parcellation

limits such as coarse subregions delimitation (i.e., ending up with a

refined 6*2 parcellation) while taking account of between-subject

variability. Moreover, while a recent cytoarchitecture parcellation

focus has been observed in the insula field,22 the current study

macro-anatomical insular parcellation allows for comparisons in future

research studies (e.g., used in a previous study23), contrarily to the

cytoarchitecture technique.21 Indeed, due to limits inherent to

the cytoarchitecture technique (i.e., developed using ex-vivo data),

this parcellation technique does not allow for it to be used in neuroim-

aging studies.21

Given prior evidence for a graduation of atrophy between HC,

sAUD and KS,17 we hypothesized that both patients with KS and

sAUD would show insular grey matter atrophy compared to HC, but

that this atrophy would be more severe in the KS group. Based on the

previous reports that insular atrophy might vary with lateraliza-

tion16,17 and subregions,20 we explored the role of such variables in

the patterns of grey matter atrophy observed in each clinical group.

2 | MATERIALS AND METHODS

2.1 | Participants

We enrolled 69 patients (16 females) presenting clinical forms of

sAUD (DSM-5 criteria, American Psychiatric Association, 2013) and

36 HC (six females). All participants provided their written consent

prior to the study participation. The study protocol followed the

Declaration of Helsinki's ethical standards and was approved by the

ethics committee of Caen University Hospital (CPP Nord Ouest III,

no. IDRCB: 2011-A00495-36).

Out of the 69 patients, 19 (10 females) were diagnosed with KS,

with reference to the DSM-5 criteria of ‘major neurocognitive

disorders, confabulatory type, persistent’ (DSM-5 criteria, American

Psychiatric Association, 2013). We recruited patients with KS from

both an inpatient treatment centre (Caen University Hospital, France

n = 11) and a nursing home (Maison Vauban, Roubaix, France; n = 8).

Due to amnesia, we did not record self-reports on prior drinking

habits. However, based on patients' surroundings information and

medical records, patients with KS presented a long and heavy alcohol
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consumption history (i.e., 15 to 42 years—for patients for whom we

had access to this variable). Thorough multidisciplinary assessments of

patients with KS confirmed this diagnosis since (1) patients presented

memory performance (assessed by the California Verbal Learning Task

and Free; CVLT24 and Free and Cued Selective Reminding Test;

FCSRT25) disproportionately impaired compared to other cognitive

functions; and (2) impairments were not due to focal brain damage, as

indicated by the neuroimaging examination. Due to these major mem-

ory impairments, patients with KS were either living in sheltered hous-

ings or waiting for such possibly from the residential treatment facility.

The remaining 50 patients (six females) presented an ‘uncompli-

cated’ form of sAUD. These patients were early abstainers recruited

by clinicians from an inpatient treatment unit (Caen University Hospi-

tal, France). When included to the study, patients with sAUD showed

no more physical symptoms of alcohol withdrawal—as assessed by

Cushman's scale.26 Alcohol history was assessed using a modified ver-

sion of the semi-structured lifetime drinking history27 and the Alcohol

Use Disorders Identification Test (AUDIT).28,29

We recruited 36 HC (six females) locally, matched on age to

patients with sAUD and education level to sAUD and patients with

KS (Table 1). HC were eligible for the study if they: (1) reported low

alcohol consumption (i.e., score <6 for female and <7 for male at the

AUDIT28,29); (2) reported no severe symptoms of depression

(i.e., score <29 at the Beck Depression Inventory-II; BDI30); and

(3) showed no sign of global cognitive alterations (i.e., score >126 at

the Mattis Dementia Rating Scale; MDRS31).

Inclusion criteria shared across groups were: (1) being 18 to

70 years of age; (2) speaking French fluently. We excluded partici-

pants if they currently presented or had an history of polysubstance

use (excluding nicotine), major psychiatric or neurological diagnosis—

or any disorder that might generate cognitive dysfunction (diabetes,

endocrinal disorder, hepatitis, HIV) or if they were under psychotro-

pic treatments (e.g., benzodiazepines for sAUD treatment were

stopped at least 48 h before inclusion). Table 1 reports socio-

demographic, clinical, neuropsychological and alcohol-related

variables.

TABLE 1 Sociodemographic, clinical and alcohol-related variables of healthy controls (HC), patient with severe alcohol use disorder (sAUD)
and patients with Korsakoff's syndrome (KS).

HC (n = 36) sAUD (n = 50) KS (n = 19) Between-group comparisons

Sociodemographics variables

Agea 44.03 (6.14) 46.88 (8.93) 55.47 (5.44) HC = sAUD; HC < KS†††; sAUD<KS†††

Education levelb 11.75 (1.70) 11.78 (2.03) 10.32 (2.47) HC = sAUD; HC=KS; sAUD=KS

Gender, male (%)c 83 88 47 HC = sAUD; HC < KS; sAUD<KS

Depressive symptoms

BDIc 3.19 (3.21) 12.41 (8.78) 8.32 (7.81) HC < sAUD†††; HC < KS†; sAUD=KS

Neuropsychological assessment

MDRS: Total scorec 142.03 (2.02) 136.76 (6.10) 103.06 (38.80) HC = sAUD; HC > KS†††; sAUD>KS†††

CVLT: Sum of the five free recalls (in z-scores)b* 0.00 (1.00) -0.59 (1.74) -6.35 (0.61) HC = sAUD; HC > KS†††; sAUD>KS†††

CVLT: Delayed recall (in z-scores)b* 0.00 (1.00) -0.89 (1.70) -6.94 (0.66) HC = sAUD; HC > KS†††; sAUD>KS†††

FCSRT: Sum of the three free recalls

(in z-scores)b**

0.00 (1.00) -1.11 (1.30) -4.17 (1.61) HC > sAUD†††; HC > KS†††; sAUD>KS†††

FCSRT: Delayed recall (in z-scores)b** 0.00 (1.00) -1.07 (1.50) -4.99 (1.47) HC > sAUD††; HC > KS†††; sAUD>KS†††

Alcohol-related variables

Abstinence duration (in days) N/Ap 11.15 (4.37) N/A

Alcohol consumption per day (over the last

month, in standard units)

N/Ap 19.70 (8.85) N/A

Duration of severe alcohol use disorder (in years) N/Ap 22.21 (10.20) N/A

AUDITc 2.61 (1.64) 28.74 (6.58) 15.60 (11.59) HC < sAUD†††; HC < KS†; sAUD>KS†

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; BDI, Beck depression inventory; CVLT, California verbal learning task; FCSRT, free and

cued selective reminding test; HC, healthy controls; KS, Korsakoff's syndrome; MDRS, Mattis dementia rating scale; N/A, not available; N/Ap, not

appropriate; sAUD, severe alcohol use disorder.
aWelch's ANOVAs, followed by Games-Howell post-hoc tests.
bFisher's ANOVAs, followed by Tukey post-hoc tests.
cChi-squared tests, followed by Z-tests.

*In z-scores, only part of the sample underwent the CVLT (n = 49; 20 HC, 25 sAUD and 4 KS), z-scores were therefore computed using solely mean and

standard deviation of HC who underwent this test (n = 20).

*In z-scores, computed based on HC's (n = 36) mean and standard deviation.
†p < 0.05.
††p < 0.01.
†††p < 0.001.
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Noteworthy, participants were seen in the context of a large pro-

tocol, from which prior results have been published.32–38

2.2 | Procedure

2.2.1 | Volumetric data acquisition

We acquired a high-resolution T1-weighted anatomical image for

each participant on a Philips Achieva 3T scanner (Philips Healthcare/

Philips Medical Systems International B.V., Eindhoven, The

Netherlands) using a 3D fast-field echo sequence (sagittal, repetition

time = 20 ms; echo time = 4.6 ms; flip angle = 10�, 180 slices, slice

thickness = 1 mm, field of view = 256 � 256 mm2, matrix = 256 �
256; Figure 1A,B).

2.2.2 | Volumetric data pre-processing

We processed the volumetric MRI data using the Statistical

Parametric Mapping software (SPM12; Welcome Department of

Cognitive Neurology, Institute of Neurology, London, UK). We

segmented MRI data into grey matter and normalized them spatially

to the Montreal Neurological Institute (MNI) template (voxel

size = 1.5 mm3, matrix = 121 � 145 � 121). We modulated these

normalized grey matter images by the Jacobian determinants to

correct the brain volumes for brain size. We obtained a grey matter

mask by taking the unmodulated grey matter images of HC in MNI

space, averaging them and thresholding the resultant mean image at

0.5. We applied the resulting grey matter mask to the modulated

grey matter maps.

2.2.3 | Volumetric regions of interest (ROI)
extraction

For each participant, we extracted insular volumes using the

Faillenot's grey matter brain atlas.21 It provides six left (no 20, 86,

88, 90, 92 and 94) and six right (no 21, 87, 89, 91, 93 and 95) ROI.

These six bilateral insular grey matter ROI were, namely (from the

anterior to posterior insula): (i) anterior inferior cortex (AIC); (ii) anterior

short gyrus (ASG), (iii) middle short gyrus (MSG), (iv) posterior

short gyrus (PSG), (v) anterior long gyrus (ALG), (vi) posterior long gyrus

(PLG).

F IGURE 1 (A) Examples of subjects
MRI before and after correction. Note:
MRI of healthy controls (HC) before (top)
and after (bottom) correction for magnetic
field inhomogeneity. Correction for field
inhomogeneity is particularly significant at
the centre of the image as can be

quantitatively observed through profiles
across coronal slice passing through the
insula (red profile before correction and
green profile after correction). (B) MRI
examples of insular subregions mapping.
Note: Example MRIs of subjects in their
native space with the atlas of the insula
superimposed on them (i.e., three subjects
per group). Top row shows examples from
the HC group; middle row from the
severe alcohol use disorder (sAUD) group
and bottom row from the Korsakoff's
syndrome (KS) group. The boundaries of
the insular region is shown in cyan for the
HC group, green for the sAUD group and
magenta for the KS group. The colours
represent the different parcellations of
the insula as per described in the
manuscript. One region is in black so
appears as ‘transparent’ when
superimposed.
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2.3 | Statistical analyses

We performed all statistical analyses via Jamovi 2.239,40 using a signif-

icance level of alpha 0.05 (unilateral).

We explored group differences in insular grey matter ROI vol-

umes. Beforehand, we normalized each of the ROI measure by the

individual total intracranial volume to correct for head-size differ-

ences. Then, for each of these measures, we calculated z-scores using

HC's mean and standard deviation. We then used the resulting values

to conduct a linear mixed model analysis with the computed z-scores

as dependent variable, lateralization, subregions and group as factors,

age and gender as covariates and participants as random factor. When

significant main effects emerged, we performed Bonferroni post-hoc

tests.

3 | RESULTS

For the sake of clarity, this section only reports group-related interac-

tion effects and the post-hoc tests for the significant main effects.

Moreover, for post-hoc results, only p-values are reported, all signifi-

cant statistics related to the linear mixed model analysis being detailed

in Table 2.

3.1 | Main effects

We found an overall effect of group on the insula volume (F[2, 102]

= 26.61, p < 0.001), with grey matter atrophy in patients with sAUD

(p < 0.001) and KS (p < 0.001) compared to HC, while the two clinical

forms of AUD did not differ (p = 0.12).

Regarding the main lateralization effect (F[1, 1122] = 56.40,

p < 0.001), the right insula was overall smaller than the left insula

(p < 0.001).

For the main subregion effect (F[5, 1122] = 32.52, p < 0.001), the

AIC subregion was significantly larger than the five other subregions

(from anterior to posterior insula): ASG (p < 0.01), MSG (p < 0.01),

PSG (p < 0.001), ALG (p < 0.001) and PLG (p < 0.01). The ALG was

significantly smaller than the other subregions (from anterior to poste-

rior insula): ASG (p < 0.001), MSG (p < 0.001), PSG (p < 0.001) and

PLG (p < 0.01).

3.2 | Lateralization by group interaction

We found a significant lateralization by group interaction (F

[2, 1122] = 17.58, p < 0.001), explained by the fact the right insula

volume was significantly smaller than the left one in both sAUD

(p < 0.001) and KS (p < 0.001) groups, but not in HC (p = 1.00).

The main group effect (i.e., similar pattern of insular atrophy in

sAUD and KS compared to HC) was found in both sides of the

insula.

3.3 | Subregion by group interaction

There was a significant insular subregion by group interaction (F

[10, 1122] = 9.53, p < 0.001). While HC did not show significant vol-

ume differences across subregions, both sAUD and KS groups pre-

sented more severe atrophy of the ALG than (from anterior to

posterior insula): AIC (sAUD: p < 0.001; KS: p < 0.001), ASG (sAUD:

p < 0.001; KS: p < 0.001), MSG (sAUD: p < 0.001; KS: p < 0.001), PSG

(sAUD: p < 0.001; KS: p < 0.001) and PLG (sAUD: p < 0.001; KS:

p < 0.001). In addition, PSG was more severely affected than AIC in

both groups (sAUD: p < 0.001; KS: p < 0.001). A main group effect

(i.e., similar pattern of insular atrophy in sAUD and KS compared to

HC) was found for each of the six subregions (see Figure 2A,B).

3.4 | Subregion by lateralization and group (triple
interaction)

The subregion by lateralization and group interaction was not signifi-

cant (F[10, 1122] = 1.49, p = 0.14). See the Figure S1 for a represen-

tation of insula grey matter volume for each lateralized subregion, per

group.

4 | DISCUSSION

We explored insular grey matter volume in AUD, with two major nov-

elties: (1) the direct comparison between recently detoxified patients

with sAUD and patients with KS and; (2) the use of a refined and ana-

tomically based human insular parcellation methodology.21 Capitaliz-

ing on scarce previous work,17 we hypothesized a gradation in

atrophy across population (i.e., KS > sAUD > HC) and we explored the

role of lateralization and subregion, since these variables appear to

influence insula grey matter atrophy.16,21,41

We showed that both sAUD and KS are associated with insular

shrinkage compared to HC, without differing from each other. A first

implication of these results is that grey matter volume deficits do not

appear to be specifically associated with KS, nor to be more severe in

KS than sAUD, contrary to previous results found with a VBM

approach.17 Insular shrinkage in sAUD and KS might thus result from

common mechanisms, like excessive and chronic alcohol consumption,

and would not, contrary to previous evidence,42 recover following

drinking cessation (as patients with sAUD were early in abstinence

whereas patients with KS were long-term abstainers, from 1 month

up to 10 years). Further studies comparing insular volumes among

early versus late abstinent patients with AUD or using a longitudinal

design are necessary to explore such a hypothesis. An alternative

interpretation is that the similar grey matter volume deficits in both

patient groups could imply that insular shrinkage represents a risk fac-

tor for the onset and maintenance of substance use disorder. Such

shrinkage could thus be premorbid to the substances consumption

and, as a consequence, would thus not recover with its cessation.
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TABLE 2 Values of the significant post-hoc tests of the linear mixed model analysis.

Comparison

Mean difference (I-J) Standard error t p-ValueGroup (I) Group (J)

Main group effect

HC sAUD 1.36 0.23 5.88 <0.001

KS 1.95 0.30 6.50 <0.001

Main lateralization effect

Left Right 0.31 0.04 7.52 <0.001

Main subregion effect

AIC ASG 0.25 0.07 3.53 0.01

MSG 0.26 0.07 3.68 0.01

PSG 0.40 0.07 5.63 <0.001

ALG 0.87 0.07 12.13 <0.001

PLG 0.27 0.07 3.85 <0.001

ALG ASG �0.61 0.07 �8.60 <0.001

MSG �0.60 0.07 �8.45 <0.001

PSG �0.46 0.07 �6.50 <0.001

PLG �0.59 0.07 �8.28 <0.001

Lateralization by group interaction—within sAUD

Left Right 0.49 0.06 8.82 <0.001

Lateralization by group interaction—within KS

Left Right 0.44 0.09 4.95 <0.001

Lateralization by group interaction—within left insula

HC sAUD 1.12 0.24 4.75 <0.001

KS 1.73 0.31 5.67 <0.001

Lateralization by group interaction—within right insula

HC sAUD 1.61 0.24 6.81 <0.001

KS 2.18 0.31 7.11 <0.001

Subregion by group interaction—within sAUD

ALG AIC �1.21 0.10 �12.70 <0.001

ASG �0.94 0.10 9.82 <0.001

MSG �0.88 0.10 9.25 <0.001

PSG �0.70 0.10 �7.28 <0.001

PLG �0.93 0.10 �9.71 <0.001

PSG AIC �0.52 0.10 �5.42 <0.001

Subregion by group interaction—within KS

ALG AIC �1.38 0.15 �8.93 <0.001

ASG �0.90 0.15 �5.83 <0.001

MSG �0.93 0.15 �5.97 <0.001

PSG �0.70 0.15 �4.49 <0.001

PLG �0.85 0.15 �5.46 <0.001

PSG AIC �0.69 0.15 �4.44 <0.001

Subregion by group interaction—within AIC

HC sAUD 0.93 0.25 3.69 0.048

KS 1.36 0.33 4.19 0.01

Subregion by group interaction—within ASG

HC sAUD 1.20 0.25 4.79 <0.001

KS 1.84 0.33 5.67 <0.001

6 of 10 BILLAUX ET AL.

 13691600, 2023, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/adb.13324 by M

edizinische U
niversität G

raz, W
iley O

nline L
ibrary on [03/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Comparison of insular volume in groups of patients with different sub-

stance use disorder would be relevant in that context.

When exploring grey matter insular shrinkage lateralization effect,

we found differences between the right and left insula for the patient

groups only, with a right-sided atrophy predominance. While anatomi-

cal and functional reasoning for such lateralization differences is still

to be investigated, this more marked atrophy in the right insula is

however largely found in the addiction literature.43 To illustrate, simi-

larly to the current results, patients with sAUD,16,44 cocaine45 and

heroin46 use disorder all showed such a right-sided posterior atrophy

(noteworthy, described as a postero-right sided shrinkage tendency in

heroin 46). The specificities of the right insular lobe and its central

involvement in multiple processes such as interoception have been

largely reported in the literature.6,47 Interestingly, a previous study

found that right insula grey matter shrinkage may represent a genetic

risk factor for the emergence of alcohol abuse.48

The volumetric exploration of insular subregions highlights the

need to go beyond a simple exploration of the total insula volume, as

ALG presents a major grey matter shrinkage compared to other subre-

gions. We priorly discussed how insula follows a ‘posterior-to-mid-to-

anterior’ type of interoceptive signals processing pattern,6–8 meaning

that posterior parts process initial interoceptive signals, while anterior

parts (i.e., AIC and ASG) accomplish the highest levels of such signals

processing.5,9 Altogether with the PLG, the ALG constitutes the

posterior insula: where information from the viscera is processed,

providing an objective representation of the physiological condition of

the body.5,9 One main possible implication related to this severe

ALG shrinkage could be that interoceptive processes impairments

(e.g., reduced interoceptive accuracy) observed in AUD49 might be

caused by failure of the first and more basic processing steps in the

posterior insula, impeding the efficient processing of raw interocep-

tive signals. Such failure could happen directly through ALG damage

and/or because the ALG receives already impaired interoceptive

signals. Indeed, according to Craig's interoceptive pathway, before

arriving to the posterior insula, interoceptive signals go through two

thalamic nuclei (i.e., posterior and basal ventral medial nuclei).6,7 There

is major empirical evidence for thalamic alterations in both patients

with KS and sAUD.37,50

While the current study offered no direct analysis of the relation-

ships between craving and anatomical measures, putting altogether

prior findings on insular interoceptive processing path with the

hypothesized role of insula as the craving neural substrate10,11,43

would imply that the patient groups show an atrophy of the insular

part (subregion and laterality) responsible for the substance consumed

embodiment effects.20 When going further in such hypothesized

implication, this could possibly mean that the postero-anterior gradi-

ent of atrophy could in fact also be interpreted in the framework of

addiction models, which posit the insula as being involved in both

bottom-up and top-down processes,11,43,49 depending on the stage of

substance use disorder development.51 At the early stages, the urge

for substance use follows a bottom-up process: craving emerges from

environmental cues.11,52 Therefore, an individual sees a substance-

related environmental cue, consumes such substance and has the

embodiment effect of the substance that is processed in the insula

following a posterior-to-mid-to anterior type of processing.6–8,11,43,52

It is in the most anterior part of the insula that lower level information

(i.e., visceral information regarding the substance effect) will be asso-

ciated to higher order level information51 (i.e., association between

the pleasurable effect of a substance that is concomitant to its

embodiment effect). At later stages, the switch from substance use to

abuse is associated to a switch from bottom-up to top-down pro-

cesses, where an individual will crave for a substance regardless of the

presence of environmental cues related to it. It is by remembering an

effect of a substance (and the association between its pleasurable and

TABLE 2 (Continued)

Comparison

Mean difference (I-J) Standard error t p-ValueGroup (I) Group (J)

Subregion by group interaction—within MSG

HC sAUD 1.26 0.25 5.01 <0.001

KS 1.82 0.33 5.60 <0.001

Subregion by group interaction—within PSG

HC sAUD 1.44 0.25 5.76 <0.001

KS 2.05 0.33 6.31 <0.001

Subregion by group interaction—within ALG

HC sAUD 2.14 0.25 8.53 <0.001

KS 2.75 0.33 8.44 <0.001

Subregion by group interaction—within PLG

HC sAUD 1.21 0.25 4.83 <0.001

KS 1.90 0.33 5.84 <0.001

Note: AIC, anterior inferior cortex; ALG: anterior long gyrus; ASG: anterior short gyrus; HC: healthy controls; KS: Korsakoff's syndrome; MSG: middle short

gyrus; PLG: posterior long gyrus; PSG: posterior short gyrus; sAUD: severe alcohol use disorder.
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embodied effects) that the individual will crave for it.11 There could

be two explanations for this effect: (i) the switch from bottom-up to

top-down processes could be considered as a consequence of major

damage of the posterior insula, which would force the insula to rely

on information brought by the anterior insula (i.e., top-down); (ii) top-

down processing (and therefore anterior insula) is favoured at the det-

riment of the posterior-to-mid-to-anterior/bottom-up processing,

leading to an atrophy of the posterior insula.

Although being hypothetical, this bottom-up/top-down switch

would reconciliate the priorly mentioned literature discrepancy in liter-

ature, with insula being reported as both desensitized (demyelination

of insula in sAUD12–14) and sensitized (insular lesion leads to tobacco

use disorder cessation10,11) in use disorders. Indeed, it could be that

insular desensitization (e.g., interoception deficiencies) emerges from

the top-down switch, which would result in an erroneous processing

resulting from the favouring of memory rather than actual processing

of bodily information. Therefore, insular lesions would lead to use dis-

orders disruption not due to the disruption of bodily sensations

processing (bottom-up), but because one cannot remember anymore

the pleasurable effect of a substance (top-down). However, further

studies are needed to explore such hypothesized switch.

Although the current study provides novel evidence regarding

insular shrinkage in two clinical forms of AUD using an anatomical

insular parcellation,21 it shows a set of limits. First, we had no measure

of craving and interoception, thus rendering inference on GM volume

shrinkage deficits to insula-dependent processes (i.e., craving and

interoception) only hypothetical. Second, we focus solely on an explo-

ration of insula volume, capitalizing on prior evidence that this brain

region is the main neural substrate of craving. However, as underlined

notably by authors53 hypothesizing insular role in addiction emer-

gence and maintenance, one should keep in mind that the insula, like

any other brain region, does not function in isolation, with bidirec-

tional links being observed between insula and concomitant brain

regions. Thus, craving experience is not solely dependent upon the

insula and, although the insula has been reported as modulating

the surrounding brain regions through its craving role, these brain

F IGURE 2 (A) Insular parcellation.
(B) Insula subregion grey matter bilateral
volume by group (mean, standard error).
Note: AIC, anterior inferior cortex; ALG,
anterior long gyrus; ASG, anterior short
gyrus; KS, Korsakoff's syndrome; MSG,
middle short gyrus; PLG, posterior long
gyrus; PSG, posterior short gyrus; sAUD,
severe alcohol use disorder.
† = significant difference between two
subregions (p < 0.001), for both KS and
sAUD. Each patient groups subregion was
significantly smaller than the
corresponding subregion among healthy
controls (meanz-score = 0, standard
deviationz-score = 1).
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regions might, in return, modulate the craving experience.54 Third,

although the current paper focuses solely on the insula role as the

main interoceptive hub, insular activations have been reported to mul-

tiple processes that are not only interoception-related.3 Finally,

although providing insula GM volume evidence in both KS and sAUD

patients, this study was limited to solely one imaging modality. Future

venues would therefore be to also investigate insular metabolic activ-

ity as well as functional and structural connectivity.20 Moreover, it

would also be of interest to compare GM insular volume in different

substance use disorders.

To conclude, using an anatomical insular parcellation,21 we found

that both patients with sAUD and KS had overall smaller insular

volumes. When exploring subregions more specifically, the posterior

insula (i.e., responsible for the visceral interoceptive processing)

shrinkage was more severely affected for both patient groups with a

right-sided lateralization effect. Taken altogether, the current results

provide an empirical background for sAUD and KS insula subregions

alterations, enabling future studies to develop more complex

exploration, such as insular activation and connectivity, in the addic-

tion field.

AUTHOR CONTRIBUTIONS

Nicolas Cabé contributed to patients' recruitment. Alice Laniepce

contributed to the HC's recruitment and data acquisition. Shailendra

Segobin performed the pre-processing of the brain imaging data.

Pauline Billaux performed the statistical analysis and drafted the

manuscript. Anne-Lise Pitel, Shailendra Segobin and Pierre Maurage

assisted with data analysis and interpretation of findings. Anne-Lise

Pitel and Pierre Maurage provided critical revision of the manuscript

for important intellectual content. All authors critically reviewed

content and approved final version for publication.

CONFLICT OF INTEREST STATEMENT

Pierre Maurage (Senior Research Associate) and Pauline Billaux

(Junior Research Associate) are funded by the Belgian Fund for

Scientific Research (FRS-FNRS, Belgium). No other conflict of interest.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Pauline Billaux https://orcid.org/0000-0001-6955-3672

Pierre Maurage https://orcid.org/0000-0003-0197-0810

Nicolas Cabé https://orcid.org/0000-0002-8051-0742

Alice Laniepce https://orcid.org/0000-0001-5421-7182

Shailendra Segobin https://orcid.org/0000-0003-1977-8210

Anne-Lise Pitel https://orcid.org/0000-0001-8573-9506

REFERENCES

1. Uddin LQ, Nomi JS, Hébert-Seropian B, Ghaziri J, Boucher O. Structure

and function of the human insula. Journal of the American EEG Society.

2017;34(4):300-306. doi:10.1097/WNP.0000000000000377

2. Stephani C, Fernandez-Baca Vaca G, Maciunas R, Koubeissi M,

Lüders HO. Functional neuroanatomy of the insular lobe. Brain Struct

Funct. 2011;216(2):137-149. doi:10.1007/s00429-010-0296-3

3. Ibrahim C, Le Foll B. Insular Cortical Circuits. In: Neurocircuitry of

addiction. Elsevier; 2023:171-208. doi:10.1016/B978-0-12-823453-

2.00005-9

4. Nieuwenhuys R. The insular cortex: a review. Prog Brain Res. 2012;

195:123-163. doi:10.1016/B978-0-444-53860-4.00007-6

5. Craig AD. How do you feel-now? The anterior insula and

human awareness. Nat Rev Neurosci. 2009;10(1):59-70. doi:10.1038/

nrn2555

6. Craig AD. Interoception: the sense of the physiological condition of

the body. Curr Opin Neurobiol. 2003;13(4):500-505. doi:10.1016/

s0959-4388(03)00090-4

7. Craig AD, Chen K, Bandy D, Reiman EM. Thermosensory activation of

insular cortex. Nat Neurosci. 2000;3(2):184-190. doi:10.1038/72131

8. Craig AD. How do you feel? Interoception: the sense of the physio-

logical condition of the body. Nat Rev Neurosci. 2002;3(8):655-666.

doi:10.1038/nrn894

9. Goldstein RZ, Craig AD, Bechara A, et al. The neurocircuitry of

impaired insight in drug addiction. Trends Cogn Sci. 2009;13(9):372-

380. doi:10.1016/j.tics.2009.06.004

10. Naqvi NH, Rudrauf D, Damasio H, Bechara A. Damage to the insula

disrupts addiction to cigarette smoking. Science. 2007;315(5811):

531-534. doi:10.1126/science.1135926

11. Naqvi NH, Bechara A. The hidden island of addiction: the insula.

Trends Neurosci. 2009;32(1):56-67. doi:10.1016/j.tins.2008.09.009

12. Droutman V, Read SJ, Bechara A. Revisiting the role of the insula in

addiction. Trends Cogn Sci. 2015;19(7):414-420. doi:10.1016/j.tics.

2015.05.005

13. Haaranen M, Scuppa G, Tambalo S, et al. Anterior insula stimulation

suppresses appetitive behavior while inducing forebrain activation in

alcohol-preferring rats. Transl Psychiatry. 2020;10(1):150. doi:10.

1038/s41398-020-0833-7

14. Chumin EJ, Grecco GG, Dzemidzic M, et al. Alterations in white mat-

ter microstructure and connectivity in young adults with alcohol use

disorder. Alcohol Clin Exp Res. 2019;43(6):1170-1179. doi:10.1111/

acer.14048

15. Centanni SW, Janes AC, Haggerty DL, Atwood B, Hopf FW. Better

living through understanding the insula: why subregions can make all

the difference. Neuropharmacology. 2021;198:108765. doi:10.1016/j.

neuropharm.2021.108765

16. Li L, Yu H, Liu Y, et al. Lower regional grey matter in alcohol use disor-

ders: evidence from a voxel-based meta-analysis. BMC Psychiatry.

2021;21(1):247. doi:10.1186/s12888-021-03244-9

17. Pitel AL, Chételat G, Le Berre AP, Desgranges B, Eustache F,

Beaunieux H. Macrostructural abnormalities in Korsakoff syndrome

compared with uncomplicated alcoholism. Neurology. 2012;78(17):

1330-1333. doi:10.1212/WNL.0b013e318251834e

18. Yang X, Tian F, Zhang H, et al. Cortical and subcortical gray matter

shrinkage in alcohol-use disorders: a voxel-based meta-analysis. Neu-

rosci Biobehav Rev. 2016;66:92-103. doi:10.1016/j.neubiorev.2016.

03.034

19. Senatorov VV, Damadzic R, Mann CL, et al. Reduced anterior insula,

enlarged amygdala in alcoholism and associated depleted von Econ-

omo neurons. Brain. 2015;138(1):69-79. doi:10.1093/brain/awu305

20. Manuweera T, Kisner MA, Almira E, Momenan R. Alcohol use disorder-

associated structural and functional characteristics of the insula.

J Neurosci Res. 2022;100(11):2077-2089. doi:10.1002/jnr.25113

21. Faillenot I, Heckemann RA, Frot M, Hammers A. Macroanatomy and

3D probabilistic atlas of the human insula. Neuroimage. 2017;150:88-

98. doi:10.1016/j.neuroimage.2017.01.073

22. Quabs J, Caspers S, Schöne C, et al. Cytoarchitecture, probability

maps and segregation of the human insula. Neuroimage. 2022;260:

119453. doi:10.1016/j.neuroimage.2022.119453

BILLAUX ET AL. 9 of 10

 13691600, 2023, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/adb.13324 by M

edizinische U
niversität G

raz, W
iley O

nline L
ibrary on [03/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0001-6955-3672
https://orcid.org/0000-0001-6955-3672
https://orcid.org/0000-0003-0197-0810
https://orcid.org/0000-0003-0197-0810
https://orcid.org/0000-0002-8051-0742
https://orcid.org/0000-0002-8051-0742
https://orcid.org/0000-0001-5421-7182
https://orcid.org/0000-0001-5421-7182
https://orcid.org/0000-0003-1977-8210
https://orcid.org/0000-0003-1977-8210
https://orcid.org/0000-0001-8573-9506
https://orcid.org/0000-0001-8573-9506
info:doi/10.1097/WNP.0000000000000377
info:doi/10.1007/s00429-010-0296-3
info:doi/10.1016/B978-0-12-823453-2.00005-9
info:doi/10.1016/B978-0-12-823453-2.00005-9
info:doi/10.1016/B978-0-444-53860-4.00007-6
info:doi/10.1038/nrn2555
info:doi/10.1038/nrn2555
info:doi/10.1016/s0959-4388(03)00090-4
info:doi/10.1016/s0959-4388(03)00090-4
info:doi/10.1038/72131
info:doi/10.1038/nrn894
info:doi/10.1016/j.tics.2009.06.004
info:doi/10.1126/science.1135926
info:doi/10.1016/j.tins.2008.09.009
info:doi/10.1016/j.tics.2015.05.005
info:doi/10.1016/j.tics.2015.05.005
info:doi/10.1038/s41398-020-0833-7
info:doi/10.1038/s41398-020-0833-7
info:doi/10.1111/acer.14048
info:doi/10.1111/acer.14048
info:doi/10.1016/j.neuropharm.2021.108765
info:doi/10.1016/j.neuropharm.2021.108765
info:doi/10.1186/s12888-021-03244-9
info:doi/10.1212/WNL.0b013e318251834e
info:doi/10.1016/j.neubiorev.2016.03.034
info:doi/10.1016/j.neubiorev.2016.03.034
info:doi/10.1093/brain/awu305
info:doi/10.1002/jnr.25113
info:doi/10.1016/j.neuroimage.2017.01.073
info:doi/10.1016/j.neuroimage.2022.119453


23. Haruki, Y., & Ogawa, K. (2023). Cardiac and gastric interoceptive

awareness have distinct neural substrates. eNeuro, 10(1),

ENEURO.0157-22.2023. doi:10.1523/ENEURO.0157-22.2023.

24. Delis DC, Kramer JH, Kaplan E, Ober BA. The California verbal learning

test: research edition, adult version. The Psychological Corporation;

1987.

25. Grober E, Buschke H. Genuine memory deficits in dementia. Dev Neu-

ropsychol. 1987;3(1):13-36. doi:10.1080/87565648709540361

26. Cushman P Jr, Forbes R, Lerner W, Stewart M. Alcohol withdrawal

syndromes: clinical management with lofexidine. Alcohol Clin Exp Res.

1985;9(2):103-108. doi:10.1111/j.1530-0277.1985.tb05527.x

27. Skinner HA, Sheu WJ. Reliability of alcohol use indices. The lifetime

drinking history and the MAST. J Stud Alcohol. 1982;43(11):1157-

1170. doi:10.15288/jsa.1982.43.1157

28. Gache P, Michaud P, Landry U, et al. The alcohol use disorders

identification test (AUDIT) as a screening tool for excessive drinking

in primary care: reliability and validity of a French version. Alcohol Clin

Exp Res. 2005;29(11):2001-2007. doi:10.1097/01.alc.0000187034.

58955.64

29. Saunders JB, Aasland OG, Babor TF, de la Fuente JR, Grant M. Devel-

opment of the alcohol use disorders identification test (AUDIT):

WHO collaborative project on early detection of persons with harm-

ful alcohol consumption-II. Addiction. 1993;88(6):791-804. doi:10.

1111/j.1360-0443.1993.tb02093.x

30. Beck AT, Ward CH, Mendelson M, Mock J, Erbaugh J. An inventory

for measuring depression. Arch Gen Psychiatry. 1961;4(6):561-571.

doi:10.1001/archpsyc.1961.01710120031004

31. Mattis S. Dementia rating scale: DRS. In: Professional manual. Psycho-

logical Assessment Resources; 1988.

32. Laniepce A, Cabé N, André C, et al. The effect of alcohol withdrawal

syndrome severity on sleep, brain and cognition. Brain Commun.

2020;2(2):fcaa123. doi:10.1093/braincomms/fcaa123

33. Maillard A, Laniepce A, Cabé N, et al. Temporal cognitive and brain

changes in Korsakoff syndrome. Neurology. 2021;96(15):e1987-

e1998. doi:10.1212/WNL.0000000000011749

34. Maillard A, Laniepce A, Segobin S, et al. Prognostic factors for low-

risk drinking and relapse in alcohol use disorder: a multimodal analy-

sis. Addict Biol. 2022;27(6):e13243. doi:10.1111/adb.13243

35. Ritz L, Segobin S, Lannuzel C, et al. Direct voxel-based comparisons

between grey matter shrinkage and glucose hypometabolism in

chronic alcoholism. J Cereb Blood Flow Metab. 2016;36(9):1625-1640.

doi:10.1177/0271678X15611136

36. Ritz L, Segobin S, Laniepce A, et al. Structural brain substrates of the

deficits observed on the BEARNI test in alcohol use disorder and

Korsakoff's syndrome. J Neurosci Res. 2023;101(1):130-142. doi:10.

1002/jnr.25132

37. Segobin S, Laniepce A, Ritz L, et al. Dissociating thalamic alterations

in alcohol use disorder defines specificity of Korsakoff's syndrome.

Brain. 2019;142(5):1458-1470. doi:10.1093/brain/awz056

38. Segobin S, Ambler M, Laniepce A, et al. Korsakoff's syndrome and

Alzheimer's disease-commonalities and specificities of volumetric

brain alterations within Papez circuit. J Clin Med. 2023;12(9):3147.

doi:10.3390/jcm12093147

39. R Core Team. R: A Language and environment for statistical comput-

ing [Internet]. 2019. Available at: https://cran.r-project.org/

40. The Jamovi Project. Jamovi [Internet]. 2020. Available at: https://

www.jamovi.org/

41. Campbell EJ, Lawrence AJ. It's more than just interoception: the insu-

lar cortex involvement in alcohol use disorder. J Neurochem. 2021;

157(5):1644-1651. doi:10.1111/jnc.15310

42. Demirakca T, Ende G, Kämmerer N, et al. Effects of alcoholism and

continued abstinence on brain volumes in both genders. Alcohol Clin

Exp Res. 2011;35(9):1678-1685. doi:10.1111/j.1530-0277.2011.

01514.x

43. Naqvi NH, Gaznick N, Tranel D, Bechara A. The insula: a critical neu-

ral substrate for craving and drug seeking under conflict and risk. Ann

N Y Acad Sci. 2014;1316(1):53-70. doi:10.1111/nyas.12415

44. Galandra C, Basso G, Manera M, et al. Salience network structural

integrity predicts executive impairment in alcohol use disorders. Sci

Rep. 2018;8(1):14481. doi:10.1038/s41598-018-32828-x

45. Moreno-L�opez L, Catena A, Fernández-Serrano MJ, et al. Trait impul-

sivity and prefrontal gray matter reductions in cocaine dependent

individuals. Drug Alcohol Depend. 2012;125(3):208-214. doi:10.1016/

j.drugalcdep.2012.02.012

46. Gardini S, Venneri A. Reduced grey matter in the posterior insula as a

structural vulnerability or diathesis to addiction. Brain Res Bull. 2012;

87(2–3):205-211. doi:10.1016/j.brainresbull.2011.11.021
47. Craig AD. The sentient self. Brain Struct Funct. 2010;214(5–6):563-

577. doi:10.1007/s00429-010-0248-y

48. Baranger DAA, Demers CH, Elsayed NM, et al. Convergent evidence

for predispositional effects of brain gray matter volume on alcohol

consumption. Biol Psychiatry. 2020;87(7):645-655. doi:10.1016/j.

biopsych.2019.08.029

49. Wi�sniewski P, Maurage P, Jakubczyk A, Trucco EM, Suszek H,

Kopera M. Alcohol use and interoception - a narrative review. Prog

Neuropsychopharmacol Biol Psychiatry. 2021;111:110397. doi:10.

1016/j.pnpbp.2021.110397

50. Pitel AL, Segobin SH, Ritz L, Eustache F, Beaunieux H. Thalamic

abnormalities are a cardinal feature of alcohol-related brain dysfunc-

tion. Neurosci Biobehav Rev. 2015;54:38-45. doi:10.1016/j.neubiorev.

2014.07.023

51. Koob GF, Volkow ND. Neurobiology of addiction: a neurocircuitry

analysis. Lancet Psychiatry. 2016;3(8):760-773. doi:10.1016/S2215-

0366(16)00104-8

52. Verdejo-Garcia A, Clark L, Dunn BD. The role of interoception in

addiction: a critical review. Neurosci Biobehav Rev. 2012;36(8):1857-

1869. doi:10.1016/j.neubiorev.2012.05.007

53. Noël X, Brevers D, Bechara A. A triadic neurocognitive approach to

addiction for clinical interventions. Front Psych. 2013;4:179. doi:10.

3389/fpsyt.2013.00179

54. Hill-Bowen LD, Riedel MC, Poudel R, et al. The cue-reactivity para-

digm: an ensemble of networks driving attention and cognition when

viewing drug and natural reward-related stimuli. Neurosci Biobehav

Rev. 2021;130:201-213. doi:10.1016/j.neubiorev.2021.08.010

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Billaux P, Maurage P, Cabé N,

Laniepce A, Segobin S, Pitel A-L. Insular volumetry in severe

alcohol use disorder and Korsakoff's syndrome through an

anatomical parcellation: Let us go back to basics. Addiction

Biology. 2023;28(10):e13324. doi:10.1111/adb.13324

10 of 10 BILLAUX ET AL.

 13691600, 2023, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/adb.13324 by M

edizinische U
niversität G

raz, W
iley O

nline L
ibrary on [03/09/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

info:doi/10.1523/ENEURO.0157-22.2023
info:doi/10.1080/87565648709540361
info:doi/10.1111/j.1530-0277.1985.tb05527.x
info:doi/10.15288/jsa.1982.43.1157
info:doi/10.1097/01.alc.0000187034.58955.64
info:doi/10.1097/01.alc.0000187034.58955.64
info:doi/10.1111/j.1360-0443.1993.tb02093.x
info:doi/10.1111/j.1360-0443.1993.tb02093.x
info:doi/10.1001/archpsyc.1961.01710120031004
info:doi/10.1093/braincomms/fcaa123
info:doi/10.1212/WNL.0000000000011749
info:doi/10.1111/adb.13243
info:doi/10.1177/0271678X15611136
info:doi/10.1002/jnr.25132
info:doi/10.1002/jnr.25132
info:doi/10.1093/brain/awz056
info:doi/10.3390/jcm12093147
https://cran.r-project.org/
https://www.jamovi.org/
https://www.jamovi.org/
info:doi/10.1111/jnc.15310
info:doi/10.1111/j.1530-0277.2011.01514.x
info:doi/10.1111/j.1530-0277.2011.01514.x
info:doi/10.1111/nyas.12415
info:doi/10.1038/s41598-018-32828-x
info:doi/10.1016/j.drugalcdep.2012.02.012
info:doi/10.1016/j.drugalcdep.2012.02.012
info:doi/10.1016/j.brainresbull.2011.11.021
info:doi/10.1007/s00429-010-0248-y
info:doi/10.1016/j.biopsych.2019.08.029
info:doi/10.1016/j.biopsych.2019.08.029
info:doi/10.1016/j.pnpbp.2021.110397
info:doi/10.1016/j.pnpbp.2021.110397
info:doi/10.1016/j.neubiorev.2014.07.023
info:doi/10.1016/j.neubiorev.2014.07.023
info:doi/10.1016/S2215-0366(16)00104-8
info:doi/10.1016/S2215-0366(16)00104-8
info:doi/10.1016/j.neubiorev.2012.05.007
info:doi/10.3389/fpsyt.2013.00179
info:doi/10.3389/fpsyt.2013.00179
info:doi/10.1016/j.neubiorev.2021.08.010
info:doi/10.1111/adb.13324

	Insular volumetry in severe alcohol use disorder and Korsakoff's syndrome through an anatomical parcellation: Let us go bac...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Participants
	2.2  Procedure
	2.2.1  Volumetric data acquisition
	2.2.2  Volumetric data pre-processing
	2.2.3  Volumetric regions of interest (ROI) extraction

	2.3  Statistical analyses

	3  RESULTS
	3.1  Main effects
	3.2  Lateralization by group interaction
	3.3  Subregion by group interaction
	3.4  Subregion by lateralization and group (triple interaction)

	4  DISCUSSION
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


