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Abstract

Childhood trauma (CT) is frequent in patients with alcohol use disorder (AUD) and may

impact on adult drinking behaviour and treatment outcome. This study aimed to inves-

tigate the structural correlates of CT in AUD, focusing on the amygdala, which plays a

crucial role in the neurobiology of trauma. We hypothesized reduced amygdala volume

and reduced structural connectivity as quantified by fractional anisotropy (FA) and by

number of streamlines in those AUD patients with a history of moderate to severe CT

(AUD-CT). T1-weighted MP2RAGE and diffusion-weighted imaging (DWI) 3-Tesla

MRI-scans were acquired in 41 recently abstinent patients with AUD. We compared

bilateral amygdala volume and structural connectivity (FA and number of streamlines)

of pathways emanating from the amygdala between AUD-CT (n = 20) and AUD with-

out CT (AUD-NT, n = 21) using a mixed model multivariate analysis of variance

(MANCOVA) controlling for age and gender. AUD-CT displayed reduced FA and

reduced number of streamlines of amygdalar tracts. There were no differences

regarding amygdala volume. The severity of physical abuse, a subscale of the childhood

trauma questionnaire, was negatively correlated with FA and with number of stream-

lines. AUD-CT and AUD-NT differ regarding structural connectivity of pathways

projecting to and from the amygdala, but not regarding amygdala volume. Those alter-

ations of structural connectivity in AUD-CT may represent a distinguishable neurobio-

logical subtype of AUD, which might be associated with the complex clinical picture

and poorer outcome that patients with CT and AUD often present.
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1 | INTRODUCTION

Child maltreatment such as physical, emotional, or sexual abuse, is the

most prevalent cause of childhood trauma (CT)1 and has repeatedly

been shown to have a negative impact on mental health outcomes in

adulthood.2,3 The majority of maltreated children experience

polyvictimization and report multiple types of CT experiences.4 Child

maltreatment has a detrimental and enduring effect on affective

states in later life, in the way that traumatic events in early life

increases the risk of experiencing increased negative affect and

decreased positive affect in adulthood.5 Furthermore, there is

considerable evidence to suggest that adverse early-life experiences

have a profound effect on the developing brain.6 The exact patho-

physiological mechanism underlying these neuronal changes remains

unclear, although alterations of stress systems, particularly of the

hypothalamo–pituitary–adrenal (HPA) axis, seems to plays a crucial

role.7 Repeated early-life stress leads to enhanced levels of glucocorti-

coids, the HPA axis' end product, which can cause both structural and

functional abnormalities in the developing brain and also influences

emotion regulation and learning processes.8 Prolonged exposure to

any type of stressor during childhood may thus result in brain injury,

particularly in those regions that are sensitive to stress during brain

development such as the amygdala, hippocampus, and prefrontal cor-

tex. The amygdala–hippocampus–medial prefrontal circuit is a well-

understood circuits in processing of fear and stress9 and there is evi-

dence that connectivity of those system is impaired in patients with

history of childhood trauma.10 These long-lasting effects of CT on the

developing brain and affective states may be contributing factors to

increasing the risk for developing various psychiatric disorders and

being associated with poorer treatment outcome of those disorders.11

While the prevalence rates of CT is about 10% among the general

population,12 overall prevalence of traumatic experiences have been

found to be up to 55% in patients with alcohol use disorder (AUD).4

CT is associated with early initiation of alcohol use, earlier age at AUD

onset,4 longer duration, more severe AUD symptoms, and poorer

treatment outcomes including higher risk of relapse.11,13

CT is a risk factor for the development of AUD. Therefore, AUD

and a history of exposure to CT frequently co-occur. Furthermore,

AUD and CT share many neurobiological harmful consequences.14

For instance, both exposures have deleterious effects on the brain

especially during the sensitive developmental period, and particularly

on the amygdala and the hippocampus, which has been shown in sev-

eral cross-sectional and longitudinal studies.14–17 CT and AUD have

both been associated with grey matter loss of the hippocampus and

especially the amygdala.18,19 One previous study investigated the

impact of alcohol and CT on the development of substructures of the

amygdala and the hippocampus in an adolescent sample pointing to

both volumetric increases and decreases of substructures. Those

alterations were amongst other influenced by age and severity of

traumatic experiences.14 However, grey matter alterations in adults

with CT and in adults with AUD extend to further limbic and prefron-

tal brain regions such as the orbitofrontal cortex, the hippocampus,

the nucleus accumbens, and the insula.18,20,21 This suggests a

pathology on a network level rather than an isolated pathology of the

amygdala. On the behavioural level, adults with CT and AUD both

show dysregulation in affect processing and affect regulation, which

might be associated with alterations of the amygdala.

MRI-diffusion weighted imaging-based tractography is a method

that reconstructs neuronal pathways, hereby enabling an assessment

of white matter microstructure (mostly quantified by means of frac-

tional anisotropy, FA). Multiple studies demonstrated widespread

reductions of FA in adults with AUD.19,21,22 Similarly, in adults with a

history of CT recent studies started to provide accumulating evidence

for FA reductions in various pathways of the brain.23–25 Those path-

ways partially overlap with pathways that have been shown to be

impaired in AUD.21,23

Besides consistent findings of reduced amygdala volume in both

patients with AUD and in adults with CT, structural connectivity of

the amygdala has not been investigated specifically in AUD patients

with CT. Even though AUD and CT often co-occur and represent a

subtype that differs regarding onset, progression and treatment out-

come of AUD,4,11,13 to date no study has investigated whether AUD

patients with CT differ from AUD patients without CT regarding

structural connectivity, nor on the behavioural level regarding affect

processing. Differentiating these effects would contribute to the bet-

ter understanding of the neuronal and behavioural correlates of this

psychopathology, which, in turn, may help develop better treatment

strategies for this high-risk population.

The aim of this study was to compare the neurobiology of

recently abstinent AUD patients with and without a history of moder-

ate to severe CT. Using MRI-based imaging, we assessed amygdala

volume and structural connectivity of pathways emanating from the

amygdala. Structural connectivity was assessed using fractional

anisotropy (FA), a measure of white matter microstructure, and num-

ber of streamlines, a macroscopic and geometric tract measure.21 We

hypothesized reduced bilateral amygdala volume, reduced FA, and a

reduced number of streamlines in AUD patients with a history of

moderate to severe CT compared with AUD patients without CT. As

alterations of the amygdala may be directly associated with affect

processing, we further assume that AUD patients with moderate to

severe CT show increased negative affect and less positive affect.

2 | MATERIALS AND METHODS

2.1 | Participants

All patients were participating in a randomized-controlled, double-

blind, clinical trial investigating the effects of an alcohol-specific

inhibition training on relapse.26 An additional subsample of

49 right-handed patients was recruited to participate in a longitudi-

nal multimodal MRI-study investigating the neuronal correlates of

this inhibition training. Only baseline and preintervention data were

included in the present analyses and are described in detail. All

patients had been abstinent for at least 4 weeks prior to MRI mea-

surement and were attending a 12-week abstinence-oriented
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residential treatment program for AUD in a specialized treatment

centre in Switzerland (Clinic Suedhang). Included patients fulfilled

the main diagnosis of AUD according to Diagnostic and Statistical

Manual of Mental Disorders, Fifth Edition (DSM-527) and were 18 to

61 years of age. Other severe substance use disorders (except nic-

otine; Drug Use Identification Test DUDIT ≥25 per substance28),

diagnosed neurocognitive disorders (e.g., Korsakoff syndrome), cur-

rent medical conditions excluding participation (e.g. acute infectious

disease), current treatment with benzodiazepines or methylpheni-

date, contraindications to perform an MRI or inability to read and

understand the participant's information led to exclusion. Three

subjects had to be excluded because of technical problems during

MR scan, which resulted in incomplete data and five patients

because of missing DTI measurement. The final sample consisted

of 41 patients (14 females, 27 males) with an average age of

43 years (SD 9.50) and an average duration of problematic alcohol

consumption of 12 years (SD 9.73). Of the 41 patients included,

two patients did not receive any medication. Medication ranged

from nutritional supplements, vitamins, and antidepressant medica-

tion to medication for somatic problems. A detailed sample descrip-

tion is shown in Table 1.

All participants provided written informed consent and were

reimbursed for participation with 50 Swiss Francs. The study was

approved by the local ethics committee (KEK-number: 2016-00988)

and registered at Clinicaltrials.gov (NCT02968537) and the Swiss

National Clinical Trials Portal (SNCTP000002043). For more details

on procedure, tasks, materials, and questionnaires used in the main

study, see Tschuemperlin et al.26

2.2 | Procedure and measurements

At treatment admission, eligible patients were informed about the

study and asked to participate. After assessing inclusion/exclusion

criteria, written informed consent was obtained and a baseline mea-

surement during the second treatment week followed including the

assessment of all descriptive data, the clinical interview, and question-

naires. AUD diagnosis was verified with the Diagnostic Expert System

for Psychiatric Disorders (DIA-X29), the AUD part adapted to DSM-5

and self-rating Alcohol Use Disorders Identification Test (AUDIT) to

assess the severity of drinking problems.30 Alongside with alcohol-

specific variables, depressive and anxiety symptoms were assessed

using the Beck Depression Inventory (BDI-II31) and the Beck Anxiety

Inventory (BAI32), and general clinically significant symptoms were

assessed by the global severity index (GSI) of the Brief Symptom

Check List (BSCL33). Post-traumatic stress symptoms were assessed

with the PTSD Screening Scale (PSS34). The PSS is a self-reported ques-

tionnaire to screen for symptoms of posttraumatic stress disorder. A

total score higher than 13 indicates on likelihood of PTSD.

2.3 | Assessment of childhood trauma

History of CT was assessed with the Childhood Trauma Question-

naire, Short-Form (CTQ-SF35). The CQ is a 28-item screening tool to

assess the history of CT with five subscales. Five different dimension

of childhood mistreatment are measured: physical abuse, emotional

abuse, sexual abuse, physical neglect, and emotional neglect. Each

TABLE 1 Demographic, baseline, and clinical variables of interest

AUD-NT (N = 21) AUD-CT (N = 20) p values

Females/males 5/16 11/9 0.153

Age 43.33 (8.60) 43.05 (10.32) 0.925

Relationship (yes/no) 10/11 11/9 0.636

Years of education 14.31 (3.73) 14.25 (3.82) 0.960

Employment (yes/no) 11/10 12/8 0.623

CTQ 35.23 (9.86) 59.00 (16.23) <0.001

Nr. of detox 2.50 (2.79) 3.90 (3.25) 0.315

Days of abstinence 33.67 (14.94) 27.61 (13.45) 0.195

Years of probl. drinking 10.10 (7.45) 13.45 (11.15) 0.162

Age of first illness 33.24 (11.30) 29.60 (11.44) 0.312

AUDIT 24.81 (6.85) 25.10 (7.96) 0.901

BSCL GSI 0.95 (0.57) 1.63 (0.75) 0.002

PSS (yes/no) 4/17 8/12 0.141

BDI II 11.85 (7.94) 19.30 (10.46) 0.015

BAI 5.05 (5. 350) 12.91 (12.71) 0.016

Note: AUD-NT: patients with alcohol use disorder and no experience of childhood trauma; AUD-CT: patients with alcohol use disorder and childhood

trauma; Nr. detox: Number of previous detoxifications; Years of probl. drinking: years of problematic drinking; AUDIT: Alcohol Use Disorders Identification

Test; BAI: Beck Anxiety Inventory; CTQ: Childhood Trauma Questionnaire: BSCL GSI: Global severity index of the Brief Symptom Check List; BDI II: Beck

Depression Inventory; PSS: PTSD Symptom Scale (total score higher than 13, suspected posttraumatic stress disorder).
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dimension of maltreatment is represented by five items rating the fre-

quency of maltreatment experiences on a 5-point Likert-type scale

ranging from 1 (never true) to 5 (very often true). The total score

reflects the severity of overall trauma exposure. The subsequent clas-

sification of the severity of experienced maltreatment in each scale

ranged from none to low, low to moderate, moderate to severe, and

severe to extreme exposure.36 According to the severity of CT experi-

ence, participants were divided into a nontrauma group (AUD-NT,

n = 21) and a trauma group (AUD-CT, n = 20). Patients who experi-

enced moderate to extreme emotional, physical, or sexual abuse (CTQ

subscales) during childhood were allocated to the AUD-CT group,

whereas patients who reported none to low or moderate maltreat-

ment in these dimensions were allocated to AUD-NT group (see

Table 1; Table S1).

2.4 | Assessment of positive and negative affect

The Positive and Negative Affect Schedule (PANAS) is a widely used

self-report measure developed by Watson et al.37 to assess two broad

domains of affect, termed Positive Affect (PA) and Negative Affect

(NA). Both PA and NA represent largely independent constructs rang-

ing from low to high levels of emotional experience. Negative affect is

related to self-reported stress, poor coping, health complaints, and

frequency of unpleasant events. Positive affect is related to social

activity and satisfaction and the frequency of pleasant events.

2.5 | MRI-data acquisition

MRI data were acquired at the Department of Diagnostic and Inter-

ventional Neuroradiology, University Hospital of Bern, with a 3 Tesla

Siemens MAGNETOM Prisma scanner and with a 64-channel head/

neck coil. For high-resolution T1-weighted structural images, we used

a bias-field corrected MP2RAGE sequence with the following parame-

ters: 256 Slices, field of view (FoV) = 256 � 256, matrix = 256 � 256

matrix, voxel size = 1 mm3, repetition time (TR) = 5000 ms, echo time

(TE) = 2.98 ms, inversion time T1 = 700 ms, and T2 = 2500 ms. The

MP2RAGE sequence generated two gradient echo images (INV1 and

INV2) and a T1-weighted image (UNI). Diffusion weighted images

(DWI) were acquired using a spin-echo echo-planar sequence with

one nongradient weighted b0 volume and 64 noncollinear directions

with b value = 1000 s/mm2. Parameters were 60 Slices,

FoV = 269 � 269, matrix = 122 � 122, voxel size = 2.2 mm3,

TR = 6200 ms, TE = 69 ms.

2.6 | Computation of amygdala volumes

We used FSL-FIRST implemented in FSL6.0 for model-based segmen-

tation and registration of the bilateral amygdala using a Bayesian

appearance model by measuring the probabilistic relationships

between shape and GM intensity.38 In advance, we used the INV2

volumes for robust brain extraction with FSL-BET with R-option and

applied a binary brain mask to the T1-weighted UNI volumes with

FSLMATHS. Then we run FSL-FIRST for segmentation of the bilateral

amygdala using the brain extracted UNI volumes as input. Volumes

were finally determined in cubic millimetre using FSL-STATS with the

all_fast_firstseg files as input and a threshold of 17.5–18.5 for the left

amygdala, 44.5–45.5 for the right amygdala.

2.7 | Computation of tracts emanating from or
passing through the amygdala

We preprocessed DWI-data using ExploreDTI 4.8.639 as described in

previous publications.21,40 In short, a subjection motion and distortion

correction and an echo planar imaging (EPI) correction to the brain

extracted MP2RAGE UNI image was performed resulting in the DWI-

images being in the same undistorted space as the MP2RAGE

images.41 Whole-brain tractography was executed fitting a single dif-

fusion tensor model to DWI data. Termination criteria were angle

threshold of >45� and FA < 0.2.

A whole-brain structural connectivity matrix was computed using

network analysis tool implemented in ExploreDTI. We used the Auto-

mated Anatomical Labeling (AAL) atlas as template with 90 distinct

region of interests (ROI) in MNI space.42 First, EPI corrected DWI files

were normalized to MNI space, second the AAL atlas was transformed

to native space using the inverse of the acquired normalization matrix,

and third deterministic tractography performed in native space using

the EPI corrected DWI files. Tractography was performed between

every inversely transformed AAL-ROI pair using the PASS criteria. The

two resulting 90 � 90 connectivity matrices contained information

about (1) the number of streamlines, (2) FA, (3) mean diffusion (MD),

F IGURE 1 Computation of bilateral amygdala volumes and whole
brain connectivity matrix with 90 regions of interest for computation
of tracts passing through or emanating from the amygdala
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(4) radial diffusion (RD), and (5) axial diffusion (AD). We used MATLAB

R2020a for further extraction of the tracts passing through either the

left or the right amygdala (see Figure 1).

2.8 | Statistical analyses

Statistical analyses were performed using Statistical Package for

Social Sciences SPSS 26.0 (SPSS, Inc., Chicago, Illinois). Demo-

graphics between AUD-NT and AUD-CT were compared using

t-tests for continuous variables or χ2 tests for dichotomous variables.

Mixed-model MANCOVA controlling for age and gender with the

between-factor group (AUD-CT vs. AUD-NT), the within-factor hemi-

sphere (left, right) and the dependent variables comprising the differ-

ent brain variables (amygdala volume, amygdala tract (FA), amygdala

tract (number of streamlines) were used. Significant main effects were

followed up with post-hoc unimodal analyses of variance (ANOVAs).

In case of significant group differences of FA, we additionally explored

group differences of the following complementary diffusion proper-

ties: mean diffusivity (MD), radial diffusivity (RD), and axial diffusivity

(AD). Three separate mixed-modal analyses of covariance (ANCOVAs)

controlling for age and gender with the between-factor group (AUD-

CT vs. AUD-NT) and the within-factor hemisphere (left, right) were

calculated for MD, RD, and AD. Results are displayed in Table S2 and

Figure S1.

To assess the association of amygdala volumes, structural amyg-

dala connectivity (FA, number of streamlines), negative and positive

affect with CTQ subscales emotional, sexual and physical abuse, we

performed exploratory correlation coefficients. Exploratory correla-

tional analysis were not corrected for multiple comparisons and

included all patients of the two groups. Group differences (AUD-CT

vs. AUD-NT) in negative and positive affect were further analysed

with unpaired t-tests.

All tests were two tailed, and a probability of <0.05 was consid-

ered statistically significant. Effect sizes were reported as η2.

3 | RESULTS

3.1 | Study population

The two patient groups (AUD-CT and AUD-NT) did not differ regard-

ing sociodemographic, alcohol specific variables or suspected post-

traumatic stress disorder except for higher depression and anxiety

scores, as well as higher scores in the global severity index (GSI) of the

BSCL and CTQ subscales in the AUD-CT group (see Table 1; for CTQ

subscales, see Table S1). Analysis regarding affective experience rev-

ealed that patients of the AUD-CT group showed significant higher

scores of the negative affect (PANAS negative affect: t = �3.272;

df = 32.51; p = 0.003) and trend towards lower scores of positive

F IGURE 2 Group differences in amygdala volume and structural connectivity of the amygdala between AUD patients with childhood trauma
(AUD-CT) and without childhood trauma (AUD-NT). (A) No group differences regarding amygdala volume, (B) AUD-CT showed reduced FA of
amygdala tracts, (C) AUD-CT showed reduced number of streamlines of amygdala tracts
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affect (PANAS positive affect: t = 1.769; df = 39; p = 0.085) com-

pared with the AUD-NT group.

3.2 | Group comparisons

3.2.1 | Amygdala

The mixed model MANCOVA revealed a significant overall main effect

of group showing a large effect size (F(3, 35) = 3.877, p = 0.017,

η2 = 0.249). Post-hoc unimodal ANOVAs demonstrated that AUD-CT

patients showed reduced FA of amygdala tracts (AUD-NT > AUD-CT;

F(1, 37) = 8.962, p = 0.005, η2 = 0.194), as well as reduced number of

streamlines of amygdala tracts (AUD-NT > AUD-CT; F(1, 37) = 8.002,

p = 0.008, η2 = 0.178) compared with the AUD-NT (Figure 2). Results

remained significant when controlling for depression (BDI-total) and

anxiety (BAI-total) (main effect of group: p = 0.041; FA of amygdala

tracts: p = 0.015; number of streamlines of amygdala tracts: p = 0.013).

Additional exploratory group comparisons of MD, RD, and AD

between AUD-CT and AUD-NT showed reduced AD (F(1, 37) = 5.4,

p = 0.03) in AUD-CT compared with AUD-NT but no effects in MD

and RD (for complete analysis, see Table S2 and Figure S2).

3.3 | Exploratory analyses

Additional exploratory correlation analysis including all patients of the

two groups showed a negative association between the bilateral

amygdala tracts (FA and number of streamlines) and the severity of

physical abuse (CTQ's physical abuse subscale) but not with sexual or

emotional abuse, nor with physical or emotional neglect (Table 2;

Figure S2). Amygdala volume was not significantly correlated with any

of the CTQ subscales. Furthermore, there was a significant correlation

between negative affect and the severity of all the CTQ subscales

(abuse and neglect), whereas there was only a negative association

between positive affect and subscale of sexual abuse of the CTQ.

However, neither positive and negative affect nor any other alcohol

specific variables were associated with the neuronal correlates (all

p > 0.05) except of age of first illness (FA amygdala left: r = 0.315,

p = 0.045) and years of problematic alcohol consumption (no of

streamlines amygdala left: r = �0.351, p = 0.024).

4 | DISCUSSION

We found reduced FA and a reduced number of streamlines emanating

from the amygdala in AUD-CT as compared with AUD-NT. This sug-

gests that CT is related to a reduction of connection pathways of the

amygdala in this subgroup. Amygdala volumes did not differ between

AUD-CT and AUD-NT suggesting that our findings of decreased

structural connectivity are independent from grey matter morphology

of the amygdala.

Bearing in mind that AUD (in comparison with healthy controls)

as such is associated with alterations of FA,19,21,22 it is relevant that

we found pronounced FA reductions (large effect size of η2 = 0.194)

of structural connectivity of amygdalar pathways in AUD-CT as com-

pared with AUD-NT. Thus, there seems to be an independent or even

an additive effect of CT on white matter microstructural alterations in

AUD-CT. We complemented FA, a measure of white matter micro-

structure with number of streamlines, a volumetric tract measure21

which was reduced in AUD-CT as well (effect size of η2 = 0.178). Our

finding of reduced streamlines fits results of exploratory analyses of

further diffusion properties showing reductions of AD in AUD-CT

pointing to an axonal pathology.43 Thus, the observed reduction of

number of streamlines in AUD-CT, which was further associated with

the severity of experienced abuse, seems to be associated with axonal

properties that are independent from grey matter volumes of bilateral

amygdalae.

The amygdala is essential for emotion regulation and memory;

thus, alterations in this region might affect emotion processing, which

appears to be a predictor for poorer treatment outcome in AUD.44

We found increased negative affect and lower positive affect

TABLE 2 Correlation analyses of CTQ subscores and neuronal variables and positive and negative affect

CTQ CTQ CTQ
Physical abuse Sexual abuse Emotional abuse

Amygdala volume left r = 0.248, p = 0.117 r = 0.276, p = 0.080 r = �0.035, p = 0.828

Amygdala volume right r = �0.021, p = 0.895 r = 0.026, p = 0.873 r = 0.059, p = 0.716

Amygdala tracts left (no. streamlines) r = �0.477, p = 0.002 r = �0.187, p = 0.241 r = �0.281, p = 0.076

Amygdala tracts right (no. streamlines) r = �0.311, p = 0.048 r = 0.131, p = 0.415 r = 0.172, p = 0.282

Amygdala tracts left (FA) r = �0.389, p = 0.012 r = �0.267, p = 0.092 r = �0.199, p = 0.212

Amygdala tracts right (FA) r = �0.409, p = 0.008 r = �0.087, p = 0.587 r = �0.059, p = 0.716

PANAS: positive affect r = 0.051, p = 0.753 r = �0.265, p = 0.095 r = �0.078, p = 0.628

PANAS: negative affect r = 0.325, p = 0.038 r = 0.316, p = 0.044 r = 0.372, p = 0.020

Note: CTQ: Childhood Trauma Questionnaire; No.: number of; PANAS: The Positive and Negative Affect Schedule; The two CTQ neglect subscales did not

significantly correlate with any of the neuronal variables (all p > 0.146) except of the negative affect measured with the PANAS (CTQ emotional neglect:

r = 0.424, p = 0.006; CTQ physical neglect: r = 0.350, p = 0.025).
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measured with the PANAS in patients of the AUD-CT group, which

was associated with the severity of CT but not with the neuronal cor-

relates. Negative affect is related to self-reported stress, poor coping,

health complaints, and frequency of unpleasant events while positive

affect is related to social activity and satisfaction and the frequency of

pleasant events. This is in line with findings showing that higher prev-

alence and maintenance and early onset of general psychopathology

following child maltreatment is often linked to disruption in emotion

regulation.45 Brain regions that are essential for emotion regulation

can be roughly divided in two functional categories: emotion-

generating or emotion-processing regions (i.e., amygdala and insula)

and emotion-regulatory regions (i.e. dorsomedial prefrontal cortex and

dorsal anterior cingulate cortex). Neuroimaging studies investigating

emotion regulation show that CT is associated with elevated response

in the amygdala and other areas of the salience network in response

to negative affect.45 However, subjects with CT seem to be able to

down-regulate the amygdala after negative affect to the same extent

as subjects without CT, but they use regions involved in effortful con-

trol to a greater degree to do so. McLaughlin et al. suggest that

greater effort might be required to modulate heightened amygdala

responses.45 Interestingly, our neuroanatomical findings of reduced

amygdala connectivity are complemented by the self-rating reports,

which indicate that patients with CT experience more negative emo-

tions and less positive affect than patients without CT. Such an

enhanced experience of negative emotions might be expected as the

psychological counterpart of an elevated amygdala response.45 The

connectivity deficits observed in the AUD-CT subgroup might then

indicate that emotion-regulatory regions in this subgroup have to

exert their regulatory power within a reduced or poorly developed

network. Additionally, it has been reported that especially the experi-

ence of positive affect is associated with positive treatment outcome

in patients with AUD,46 while difficulties regulating both positive and

negative emotions carry a heightened risk of engaging in coping-

oriented alcohol use during drinking episodes.47

In AUD, impaired emotion regulation contributes to the develop-

ment and severity of the disorder and predicts poor treatment out-

come.48 Even though impaired emotion regulation is associated with

increased amygdala activation, in substance use disorders, such find-

ings are not consistently observed. According to a review on the neu-

ral circuitry, the emotion regulation disturbance in substance use

disorder might rather be related to impairments of prefrontal func-

tioning to down-regulate amygdala activity, rather than from

increased amygdala reactivity to emotional stimuli.48 Furthermore, in

AUD, impairments in functional resting state connectivity and white

matter tract integrity between emotion-generating and emotion-

processing regions (e.g., amygdala) and regulatory regions

(e.g., regions of the PFC and ACC) might contribute to the described

impaired down-regulation of emotion-generating regions. As AUD-CT

is a subgroup of our AUD patient sample, the typical AUD findings

and the typical CT findings might be cumulated.

Subjects with CT and AUD show functional and structural impair-

ments resulting in increased amygdala reactivity and enhanced nega-

tive affect on the one hand, as well as impairments of prefrontal

regions failing to down-regulate heightened amygdala response on

the other hand. Therefore, this subgroup might profit from combined

treatment approaches such as (i) interventions for emotion regulation

that normalize prefrontal functioning and strengthen functional con-

nectivity or the integrity of white matter tracts between emotion reg-

ulatory and emotion-generating regions and (ii) treatments that

dampen amygdala reactivity, reduce the experience of negative affect

and enhance structural connectivity of emotion-generating and

emotion-processing region.

Our samples of AUD-CT and AUD-NT did not differ regarding the

volume of the amygdala. Reduced amygdala volume in patients with

AUD as well as in adults with CT have been reported consis-

tently.18,19,49 However, the inexistent difference between the two

groups suggests that the effect of severe AUD on amygdala volume

may be more pronounced than any effect caused by CT. Pronounced

neurotoxic effects of alcohol on grey matter including the amygdala are

well described.19 On the other hand, there is increasing evidence for

white matter microstructural alterations in adults with traumatic child-

hood experiences.23–25 Thus, it is possible that diffusion weighted MRI-

derived measures of fibre tracts contribute to specifically distinguish

AUD-CT from AUD-NT whilst this is not the case for amygdala volume.

The overall prevalence of almost 49% of AUD patients experienc-

ing moderate to extreme trauma exposure during childhood in our

inpatient sample with severe AUD is in line with a study by Huang

and colleagues reporting a prevalence of up to 55%.4 Sexual, physical,

and emotional abuse and physical and emotional neglect often co-

occur within individuals and show a dose–response relationship of the

number and severity of childhood trauma types and the risk of psychi-

atric comorbidities. According to the high prevalence of CT in this

patient population and the evidence of its association with poor treat-

ment outcome, the history of CT should be systematically assessed in

patients with AUD to tailor evidence-based interventions for this

high-risk population as proposed above.

This study has some limitations that need to be addressed. First,

the research design and the results do not allow to establish a causal

role of CT in the development of AUD. Second, CT was only assessed

with one questionnaire; thus, recall bias may affect the reporting of

abuse incidents. We further did not assess the age when trauma

occurred, which has an influence on the subsequent developmental

processes. Third, although not statistically significant, there are three

times more male patients in the AUD-NT group than female patients,

whereas in the AUD-T group, the gender ratio is equally distributed.

Fourth, amygdala volumes are not unitary structures. Each structure is

composed of several subregions representing diverse functions, which

may be different between the investigated groups.14 Our ROI

approach did not take subcompartments into account. Fifth, regarding

tractography, the general limitations apply: directionality, monosynap-

tic and polysynaptic connections, the type of neurotransmitters, and

neurobiological specificity of findings cannot be assessed. Sixth, both

grey matter volume and white matter microstructure are influenced

by severity of AUD and by comorbidities such as depression severity

and anxiety. Our samples did differ regarding these variables. How-

ever, controlling for BDI and BAI scores, results remained significant.
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Additionally, the lack of a control group prevents the investigation of

reduced amygdala volume in patients, which has been shown in

numerous studies in patients with AUD and CT. Thus, future studies

should include a control group with and without CT to investigate dis-

tinct effects of CT and AUD on amygdala volume.

In conclusion, our findings demonstrate relatively high rates of CT

in a sample of patients with severe AUD, highlighting the need for

greater care in assessing and classifying these subjects, which may

contribute to a better understanding of the complex clinical picture

that maltreated subjects often present. The subgroup of patients with

AUD and CT did not only display a heightened negative emotionality

but also neuronal alterations: The neuronal findings indicate that trau-

matization in AUD may induce structural alterations of amygdala con-

nectivity. This suggests that AUD patients with CT represent a

distinguishable neurobiological subtype, which might need distinct

treatment approaches.
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