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Abstract

Background: The earlier research confirm the relationship between structural changes in the corpus callosum and difficulties in attention
and memory in the group of patients with alcohol use disorder (AUD). Nevertheless, the image of auditory and visual memory disorders
in men with gradual atrophy of the corpus callosum and different alcohol abuse duration, it has not been explained yet. The overriding
objective of this study was: (1) to determine whether there are principal and interaction effects of visuospatial and auditory-verbal
memory on alcohol consumption and cross-sectional corpus callosum area in men with alcohol use disorder, (2) to assess the impact of
callosal changes on the memory and visual attention processes. Methods: 97 men with alcohol use disorder were examined. T1-weighted
scans were used to carry out corpus callosum segmentation and volumetric measurements. The cognition profile included two domains:
attention, memory (visuospatial and auditory-verbal). Results: The results showed that participants with visuospatial memory disorder
had inferior education background, and were characterized by a longer duration of alcohol abuse, more severe alcohol use disorder, and
greater alcohol consumption per day. Second, alcohol-dependent men with auditory and visual memory disorders had a smaller frontal
and posterior part of the corpus callosum areas. Additionally, among the alcohol-dependentmenwithmemory disorders the smaller rostral
body of corpus callosum was determined by the longer alcohol abuse duration. On the other hand, the smaller rostral body of corpus
callosum was predicted by the older age only in alcohol-dependent men with normal memory. Among all examined individuals were
observed a statistically significant relationships among visual attention, visuospatial memory and corpus callosum subregions including
in particular genu and isthmus. Conclusions: The smaller corpus callosum cross-sectional area significantly affects visual attention
and memory difficulties in alcohol use disorder, especially have differentiated the patients with normal and disordered memory. Longer
alcohol abuse duration plays also a significant role in the corpus callosum atrophy in alcohol-dependent men with disordered memory
(visuospatial in particular).
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1. Introduction

Higher alcohol consumption contributes to a number
of structural brain abnormalities, especially in the frontal
lobes [1–3] and limbic system [4]. Most often the callosal
damage occurs in the form of the Wernicke’s encephalopa-
thy [5], the Korsakoff’s syndrome [6], the alcohol-related
dementia, and the Marchiafava–Bignami disease [7,8]. The
corpus callosum is responsible for most of the functional
integration and exchange of information between the two
cerebral hemispheres [9,10]. In alcohol-dependent individ-
uals with brain structural modifications, the literature has
shown reduced volume of the anterior regions [6,11], or
all regions [12] of the corpus callosum, as well as smaller
cross-sectional area throughout the corpus callosum [13,14]
andmicrostructure abnormalities, such as a lower fractional
anisotropy coefficient [15,16].

Alcohol dependence can lead to neuropsychological
impairments such as reduction in overall levels of cogni-

tion [17], inferior short-term visual and auditory memory
[18–20], inferior abstract thinking, inferior working mem-
ory, inferior executive functions [21–23], thinking with a
predominance of pseudoreminiscence [24], uninhibited and
apathetic emotional disorders, as well as loss of emotional
control [25]. Studies have shown that individuals with al-
cohol use disorder have smaller callosal area [26], and that
there is a significant correlation between smaller corpus cal-
losum area and cognition [27].

In this study, we use only the visual attention diffi-
culties and memory profile of men, in order to minimize
the sample heterogeneity [28]. Many studies have pointed
to statistically significant differences between alcohol-
dependent men and women, and to gender-specific differ-
ences in the toxic effects of ethanol on the body and brain
[29–31]. Moreover, the differences of neuropsychological
impairment between male and female can also be observed
in other central nervous system diseases [32]. It may be
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Table 1. Alcohol consumption and control variables.
Variables Median (IQR) Range

Duration of abstinence [days] 37 (21–61) 2–182
Duration of alcohol abuse [years] 12 (7–20) 2–40
Severity of alcohol use disorder [MAST score] 37 (29–45) 6–80
Daily alcohol consumption [EtOH gram] 162 (110–309.5) 32–1340
ACE-III score 93 (89–97) 64–100
M-ACE score 27 (24–29) 12–30
Education [years] 12 (11–12) 8–17

Note. EtOH gram of daily alcohol consumption means the amount, in grams, of
pure ethanol in an alcohol product. Reference quantities are 16 g EtOH / 50 mL
vodka, 11.9 g EtOH / 330 mL beer (according to the Polish State Agency for the
Prevention of Alcohol-Related Problems (PARPA). Key: ACE-III, The Adden-
brooke’s Cognitive Examination; M-ACE, Mini-Addenbrooke’s Cognitive Ex-
amination; MAST, Michigan Alcoholism Screening Test; IQR, the interquartile
range.

important to determine the attention and memory profiles
of alcohol-dependent men and women both jointly and sep-
arately [11,22,33,34].

The objective of this study was to determine whether
there is principal and interaction impact of visuospatial and
auditory-verbal memory (whether disordered and normal)
on alcohol consumption and brain variables (area of cor-
pus callosum subregions, total corpus callosum area) inmen
with alcohol use disorder. Additionally, among all alcohol-
dependent men the relationships between visual attention,
memory and the structural changes in cross-sectional cor-
pus callosum were examined.

2. Subjects and Methods
We screened men with alcohol use disorders and car-

ried out neuropsychological and neuroimaging studies of
them in the period from August 2018 to September 2019.
The studies were carried out jointly several medical centres.
Image acquisition was performed on two sites, the first of
which was equipped with an Optima 360 1.5 T magnetic
resonance imaging (MRI) machine (GE Healthcare, Mil-
waukee, WI, USA) and the second one with a Philips Intera
Achieva 3.0 Tesla system (Philips Medical Systems, Eind-
hoven, Netherlands).

2.1 Subjects

One hundred and three men were diagnosed with al-
cohol dependence syndrome (ICD-10 F.10.2). Six were ex-
cluded after data analysis (five on the basis of corpus cal-
losum area analysis and one due to a significantly differ-
entiated neuropsychological profile), leaving 97 men with
alcohol use disorders aged from 26 to 59 (Med = 43, M
= 43.3, standard deviation (SD) = 8.35). We employed a
structured interview, in compliance with the ICD-10 diag-
nostic criteria, to qualify patients. In doubtful cases, the
strength of alcohol dependence in the patients was verified

in consultation with a psychiatrist and additionally using an
interview employing the diagnostic criteria for alcohol de-
pendence from the DSM-5.

The subjects were recruited in line with the inclusion
and exclusion criteria. The inclusion criteria comprised a
diagnosis of alcohol dependence, according to the ICD-10
or DSM-5 criteria, and age between 26 and 59. The ex-
clusion criteria were current use of other psychoactive sub-
stances, normal intake of neuroleptics due to other men-
tal disorders or behaviour, somatic disease not resulting
from an alcohol addiction, or post-accident brain dysfunc-
tion (without medical documents or non-clarifying expla-
nation by the subjects).

Patients with neurological disorders (such as de-
mentia, multiple sclerosis, stroke, brain cancer, or other
neurodegenerative diseases) or psychiatric disorders (e.g.,
schizophrenia, bipolar disorder, or major depression) were
not included in the study. Nevertheless, eight individuals
(8.2%) have suffered epileptic attacks during the persis-
tence of alcohol use disorder; a further eighteen (18.5%)
have previously struggled with disorders related to the use
of other psychoactive substances — mainly stimulants and
cannabis, though often only in small amounts in the past
(occasionally at a party, according to the review) or signifi-
cantly less than alcohol consumption, while 74 (78.7%, N =
94) were addicted to nicotine. Eight (8.3%) of all subjects
likely suffered some injuries or microinjuries in the head,
though this was unknot confirmed in the medical documen-
tation. Patients’ medical histories were checked during in-
terviews, and also after the neurologist, psychiatrist, other
clinical psychologist, or nurse had consulted with the pa-
tient. According to the patients’ medical documentation, 18
of them (18.6%) had struggled with hypertension, 11 of the
total number (11.3%) had another somatic disorder, such as
asthma or pancreatitis, and 7 of the total number (7.2%) had
some other illness, though lacking earlier medical consul-
tation.
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According to the demographic data 62 patients
(63.9%) were unknot married. Right-handed were 85 pa-
tients (87.6%), whereas 5 patients (5.2%) were both left-
and right-handed and, 7 patients (7.2%) were only left–
handed. Table 1 shows the characteristics of the alcohol-
dependent individuals.

The patients’ drinking history shows that 49 (53.8%,
N = 91) grew up in a family with an alcohol problem (heavy
drinking present in at least one of their parents or other per-
son in family). Sixty six (68.1%) of examined individu-
als showed a steady addiction process, beginning with oc-
casional drinking and developing into binge drinking; 24
alcohol-dependent individuals (24.7%) started drinking as
a result of a critical life event, such as divorce, job loss,
disease, or death of a beloved person; 6 (6.2%) stated that
loneliness played a significant role, and one person stated
that a predominant chronic stress was the reason he started
drinking. The type of alcohol consumed was usually beer
and vodka (49; 50.5%) or surrogate alcohol (9; 9.3%); some
of the subjects made use of one type of alcohol (25; 25.8%),
or three or more different types (14; 14.4%).

Two scanners were used for the neuroimaging exam-
ination. Twenty patients were examined using an Optima
360 1.5 T MRI machine (GE Healthcare, Milwaukee, WI,
USA) while seventy-seven were examined using a Philips
Intera Achieva 3.0 Tesla system (Philips Medical Systems,
Eindhoven, Netherlands).

The screening was carried out jointly carried out with
specialists working at the treatment and assistance centres.
The neuroimaging examination was carried out by a team
of specialists at two medical centres in the City of Poz-
nań. The neuropsychological examination was carried out
by the lead investigator and a psychologist at the Addiction
Treatment Department. All subjects gave their written con-
sent for participation in the study, satisfying the local Ethics
Committee (Faculty of Psychology and Cognitive Science
at the Poznań-based Adam Mickiewicz University).

2.2 Methodology
All patients were covered by the screening research

project, where we collected demographic and alcohol con-
sumption data and information on the strength of alcohol
use disorders in the form of Michigan Alcoholism Screen-
ing Test (MAST) scores [35,36]. Data was also collected
by means of neuropsychological and neuroimaging studies.

2.2.1 Memory and Visual Attention Test Measure
The neuropsychological profile of men with alcohol

use disorder — including memory processes, and visual at-
tention — were taken into account by the study.

The California Verbal Learning Test [37] (CVLT; orig-
inal version [37]) was used to assess short-term auditory
memory and auditory-verbal attention. The Polish adap-
tation was prepared by Emilia Łojek and Joanna Stańczak
[38]. The ten indicators in the study are related to the four

Jacobus Donders factors [39] and include (1) attention span
(List A Trial 1, List B); (2) learning efficiency (List A Trial
5, List A Trial 1–5 total); (3) delayed memory (short-delay
free recall, short-delay cued recall, long-delay free recall,
long-delay cued recall, and recognition hits); and (4) inac-
curate memory (perseveration errors).

The Hillers’ Diagnostic Test for Brain Damage (DCS,
Diagnosticum für Cerebralschädigung; used in the Polish
translation [40] of original version [41]) was used to as-
sess memory capacity during the learning of figural mate-
rial. The study included three indicators: short-term visual
memory range (Trials 1–6 total), encoding newmaterial and
attention span (Trial 1), and learning efficiency (Trial 6).

The Brickenkamp’s d2 Attention test in the Dajek’s
2012 Polish adaptation [42], took into account the results
of three indicators: visual attention range (the result of all
answers less total errors), ability to concentrate, and total
number of errors.

2.2.2 MRI Acquisition
Two scanners were used for the neuroimaging exam-

ination: Optima 360 1.5 T MRI scanner (GE Healthcare,
Milwaukee, WI, USA) and a Philips Intera Achieva 3.0
Tesla system (Philips Medical Systems, Netherlands). The
whole-brain imaging included 3D T1-weighted sequences
from the 1.5 T scanner, such as fast spoiled gradient echo
(Fast Spoiled Gradient Echo parameters: echo time (TE)
= 4 ms; time to repetition (TR) = 10 ms; flip angle = 12°;
slice thickness = 1.2 mm, voxel diameters = 1 × 1 × 1.2
mm; pixel bandwidth = 31.2 kHz; field of view (FOV) =
256 × 256 mm) and 3 T scanner (3D turbo fast echo pa-
rameters: TE = 4 ms; TR = 8 ms; flip angle = 8°; slice
thickness = 1 mm, voxel diameters = 2× 0.9× 1 mm; pixel
bandwidth = 190 Hz; FOV = 230× 230mm). MRI scans of
the 3D T1-weighted images from the 1.5 T and 3 T scanners
were performed in the oblique plane, and scanning timewas
about from 8 to 13 minutes for each T1-weighted sequence.
The scanning range for both scanners was from the scalp to
the skull base, and the patient was in the head first–supine
position. All MRI scans were performed by examined neu-
roradiologist and trained MRI technicians.

2.2.3 Image Processing
Analysis carried out using a Linux–based operat-

ing systems (Ubuntu 16.04 LTS/Xenial, Canonical Ltd./
Ubuntu Foundation, San Francisco, CA, USA). T1–
weighted sequences were analysed in compliance with the
MRI programs hints using scripting languages (Python
3.6.10, Python Software Foundation, Wilmington, DE,
USA). In Step One, the resulting T1–weighted sequence
files in Digital Imaging and Communications in Medicine
(DICOM) format were converted into the Neuroimag-
ing Informatics Technology Initiative (NIFTI) format;
anonymization was also carried out for the follow-up struc-
tural analyses. The data from 1.5 T scanner was con-

3

https://www.imrpress.com


Fig. 1. Segmentation of the corpus callosum. Witelson segmentation of the corpus callosum in the midsagittal plane with seven
subdivisions from anterior to posterior. T1-weighted MRI scan of the males with alcohol use disorder who had the smallest total corpus
callosum depending on the level of memory disorders. MRI, magnetic resonance imaging.

verted usingMRIConvert 2.0 (Lewis Center of Neuroimag-
ing, Eugene, OR, USA); data from 3 T scanner was con-
verted using MRIcroGL 2018 (NeuroImaging Tools & Re-
sources Collaboratory, Department of Health and Human
Services, USA; https://www.nitrc.org/projects/mricrogl/).
In Step Two the structural analysis was carried out using
the FMRIB Software Library v. 6.0 (FMRIB, Oxford, UK)
[43]. Volumetric measurements of grey matter (GM), white
matter (WM), and cerebrospinal fluid (CSF), were taken
using FMRIB’s Automated Segmentation Tool [44] with
the skull-stripped T1-weighted sequences, obtained using
Brain Extraction Tool [45]. The automatic corpus callo-
sum segmentation was performed on the basis of the 3D
structural T1-weighted sequences (raw data in NIFTI for-
mat) using yuki 2.1 – 1.6.3, part of Automatic Registration
Toolbox, according to Babak Ardekani [46]. The yuki tool
was used to segment automatically a corpus callosum mid-
sagittal cross-sectional area; the 1.5 T scanner data for three
subjects was manually corrected, but ultimately was not in-
cluded in the follow-up analysis, due to outliers. The cross-
sectional area of the whole corpus callosum, its length, cir-
cularity, and perimeter were distinguished, as well as the
cross-sectional area of the corpus callosum regions from
the anterior to the posterior: the rostrum (W1 region), genu
(W2 region), rostral body (W3 region), anterior mid-body
(W4 region), posterior mid-body (W5 region), isthmus (W6
region), and splenium (W7 region). The Sandra Witelson’s

[47] scheme for segmenting the corpus callosum into re-
gions was used (see Fig. 1). In the figure below, the seg-
mentation of the corpus callosum cross-sectional area was
introduced.

2.3 Statistical Analysis
Due to the numerous indicators used in each memory

test, the composite Z-score for memory standardized vari-
able was measured. To minimize type 1 errors, the com-
posite Z-score for each functional domain was computed by
adding up the Z-score of all measures included in that com-
posite. TheMEMORY included the Z-scores of four indica-
tors (CVLT: Trials 1–6 total, Short Delay Free Recall, Long
Delay Free Recall, DCS: Trials 1–6 total). Higher values of
composite scores indicated better performance, and lower
Z-score indicated a worse performance. The ATTENTION
domain included the ability to concentrate and Z-scores vi-
sual attention range.

Because there was only one heterogeneous group, we
carried out an explanatory analysis and multiple compar-
isons. Each variable was evaluated using a Shapiro-Wilk
normality test. For non-normally distributed continuous
variables, we used the Spearman’s rho correlation coeffi-
cient (nonparametric statistics); otherwise, the Pearson r
correlation coefficient for normally distributed continuous
variables was employed. To minimize type 1 errors, the
False Discovery Rate (FDR) method was used as a correc-
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Table 2. Descriptive statistics of the neuropsychological variables.

Neuropsychological and neuroimaging variables
Mean (SD) or

a median (IQR)
Range of
raw data

Range compared to
standardized scores from

low to high#

Memory (auditory–verbal and visuospatial): MEMORY composite scores
Learning efficiency (CVLT test: List A–Trial 1–5 Total) 45.43 (9.98) 26–74 Sten scores: 1–9 (10)##

Delayed memory (CVLT test: Short Delay Free Recall) 9.61 (3.13) 0–16 Sten scores: 1–10
Delayed memory (CVLT test: Long Delay Free Recall) 10 (7–12)a 0–16 Sten scores: 1–10
Visual memory range/Learning efficiency (DCS test: Trials 1–6 Total) 26.33 (10.91) 3–52 Stanine scores: 1–9
Memory (auditory–verbal and visuospatial): not in MEMORY composite scores
Learning efficiency (DCS test: Trial 6) 6 (4–8)a 0–9 Stanine scores: 1–9
Learning efficiency (CVLT test: List A Trial 5) 11 (9–13)a 6–16 Sten scores: 1–10
Delayed memory (CVLT test: Short Delay Cued Recall) 11 (9–12)a 5–16 Sten scores: 1–10
Delayed memory (CVLT test: Long Delay Cued Recall) 10.64 (2.71) 4–16 Sten scores: 1–10
Attention: ATTENTION composite scores
Visual attention range (d2 test) 354.52 (107.24) 109–583 Stanine scores: 1–9
Ability to concentrate (d2 test) 126.12 (48.47) 0–255 Stanine scores: 1–9
Volumetric measurements
Brain parenchymal fraction 76.86 (1.88) 72–82 –
Corpus callosum cross–sectional area
Corpus callosum area [mm2] 568.77 (91.04) 332–810 –
Corpus callosum length [mm] 70 (4.28) 59–79 –
Corpus callosum perimeter [mm] 198.27 (13.85) 169–234 –
Corpus callosum circularity [mm] 0.18 (0.025) 0.12–0.25 –
Corpus callosum subregions (segments) [mm2]:
W1 Rostrum Orbital prefrontal cortical region 24.36 (7.06) 9.25–45 –
W2 Genu Prefrontal cortical region 123.98 (26.67) 71–180 –
W3 Rostral body Premotor cortical region 85.45 (14.73) 52–121 –
W4 Anterior mid-body Motor cortical region 64.50 (11.14) 34–87 –
W5 Posterior mid-body Posterior parietal cortical region 57.29 (10.94) 34–91 –
W6 Isthmus Superior temporal cortical region 48.75 (39.75–56.13)a 20–89 –
W7 Splenium Occipital cortical region 164.27 (28.27) 89–239 –

Note. # for sten scores, low raw results are assigned a value from 1 to 3, medium raw results are assigned a value from 4 to 7, and high
raw results are assigned a value from 8 to 10; for stanine scores, low raw results are assigned a value from 1 to 3, medium raw results are
assigned a value from 4 to 6, and high raw results are assigned a value from 7 to 9; ## results of standardized scores for individuals with
two different age ranges, in accordance with standardization tables in manuals of memory tests; amedian (IQR). CVLT, The California
Verbal Learning Test; DCS, Diagnosticum für Cerebralschädigung; SD, standard deviation.

tion of the two-tailed multiple correlation analysis. Statis-
tically significant relationships were taken into account in
multiple regression, correcting for age analysis, especially
to assess the impact of the corpus callosum area (indepen-
dent predictors) on the composite scores.

To verify the hypotheses, the memory results were
compared with the standardized values available in age
tables provided in the Polish version of the test manuals
(CVLT test: Tables I–III and V–VI, DCS test: Table 11a).
The raw data was coded as “0” (below normal test result;
disorder) and “1” (normal test result). In Step Two, the
memory profiles (normal vs. disordered) were compared
using multivariate analysis of variance (MANOVA).

Because we applied two scanners, we decided to de-
termine whether the corpus callosum cross-sectional area

results differed with the scanner. A statistical analysis was
performed using the SPSS v 27.0 (IBM SPSS, Armonk,
NY, USA).

3. Results
3.1 Descriptive Statistics for Neuropsychological
Variables

The chart box of variables shows that a number of out-
liers occurred. Two outliers were seen among the indicators
of auditory-verbal memory. There were four other outliers
for the corpus callosum. We decided not to include all in-
dicators of neuropsychological test and so removed six out-
liers. The number of examined subjects was then equal to
ninety seven. Descriptive statistics are presented in Table 2.
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Fig. 2. Corpus callosum regions in both groups (AVM and VSM). Bar graphs (with 95% CI) of the corpus callosum regions and
the memory profile (normal vs. disordered) in both the AVM and VSM groups. The results were compared to age-adjusted normative
values. (A) Cross-sectional of genu area in patiens with normal and disordered memory; (B) Cross-sectional of anterior mid-body area
in patiens with normal and disordered memory; (C) Cross-sectional of posterior mid-body area in patiens with normal and disordered
memory; (D) Cross-sectional of splenium area in patiens with normal and disordered memory. 95% CI, 95% Confidence interval; AVM,
auditory-verbal memory; VSM, visuospatial memory.

The individuals’ results range from low to high, indi-
cating a very broad range of cognitive capacity, from nor-
mal to disordered. The mean raw data, after comparison,
is equivalent to a point in the middle of the standardized
scores — excluding memory processes, which range from
low to medium.

3.2 Comparisons of Two Scanner Results
There were no statistically significant (p > 0.05) dif-

ferences between the results received from the 1.5 T and
3 T scanners for the cross-sectional area of the whole cor-
pus callosum, the length of the corpus callosum, or any of
its regions (W1–W7), but there were statistically significant
differences related to the perimeter (F = 4.61, p = 0.034),
and circularity (F = 7.23, p = 0.008) of corpus callosum.

3.3 Alcohol-Dependent Men with Normal and Disordered
Memory

The Polish versions of the neuropsychological tests
allow normal and disordered memory range to be distin-
guished. We decided to introduce DCS Trials 1–6 total of
visuospatial memory (VSM group) and CVLT Trials 1–5
total of auditory-verbal memory (AVM group) separately.
Both groups are described in Table 3 (mean and standard
deviation or median and interquartile range).

3.3.1 Alcohol Consumption and Education Variables
MANOVA revealed a statistically significant main ef-

fect of the VSM group for education [F(1, 97) = 9.51, p =
0.003, h2 = 0.093], daily alcohol consumption [F(1, 87) =
4.60, p = 0.035, h2 = 0.052], alcohol abuse duration [F(1,
97) = 6.21, p = 0.014, h2 = 0.063], and severity of alco-
hol use disorder as the MAST score [F(1, 97) = 4.22, p =
0.043, h2 = 0.043]. Pairwise comparisons of VSM group
(with normal and disordered levels of this memory) showed
that the VSM disorder group was characterized with lower
education background, had longer alcohol abuse duration,
had more severe alcohol use disorder, and had the highest
frequency of daily alcohol consumption. There was no sig-
nificant main impact of the AVM group and no interaction
effect of both groups. The duration of abstinence did not
reveal a significant principal effect in each group.

3.3.2 Cross-Sectional Area of Corpus Callosum Regions
MANOVA revealed a statistically significant main im-

pact of the AVM group for the cross-sectional area of the
splenium of the corpus callosum (F(1, 97) = 4.86, p = 0.030,
h2 = 0.050). Pairwise comparisons show that those with
AVM disorder had smaller splenium areas than those with
normal AVM. Despite the lack of statistically significant
principal effect of the VSM group, an interaction effect of
the AVM and VSM groups was observed for the cross-
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Table 3. Demographic and alcohol consumption characteristics of the alcohol use disorder category.
Men with alcohol use disorder
(with normal or disordered memory)

N [%] Age [years] Education [years] ACE-III
Duration of

abstinence [days]
Abuse duration [years]

Severity of use
disorder [MAST score]

Daily consumption [EtOH gram]

Auditory-verbal Memory (AVM)
AVM disorder 37 (38) 42 (7.84) 12 (11–12)a 91 (88–95)a 47.92 (26.96) 12 (8–25)a 36.65 (12.63) 162 (112–267)a

AVM normal 60 (62) 44 (8.67) 12 (11–12)a 95 (90–97)a 30 (21–61)a 12 (7–20)a 37 (29–45)a 168 (109–320)a

Visuospatial Memory (VSM)
VSM disorder 71 (73) 44 (8.64) 12 (11–12)a 91 (88–95)a 31 (21–61)a 15 (8–23)a 37.89 (12.35) 214 (152–320)a

VSM normal 26 (27) 41 (6.91) 12 (12–17)a 97 (93–99)a 47.15 (24.07) 11.19 (6.51) 31.12 (13.06) 139 (88–217)a

Note. amedian and IQR.

Table 4. Demographic and alcohol consumption characteristics of the interaction groups with alcohol use disorder.
Men with alcohol use disorder
(Interaction Group)

N Age [years] Education [years] Duration of abstinence [days] Abuse duration [years]
Severity of use

disorder [MAST score]
Daily consumption [EtOH gram]

AVM disorder & VSM disorder 27 43 (8.48) 12 (11–12)a 46 (28.42) 16 (8–28)a 38 (13.82) 162 (128–315)a

AVM disorder & VSM normal 10 41 (5.77) 12 (11–13)a 53 (23.02) 9 (4.94) 34 (8.82) 176 (86.66)
AVM normal & VSM disorder 44 45 (8.76) 12 (11–12)a 30 (21–61)a 14 (5.5–20)a 38 (11.52) 228 (160–320)a

AVM normal & VSM normal 16 41 (7.71) 12 (12–17)a 43 (24.61) 12 (7.25) 29 (15.05) 136 (90.94)
Note. a Median and IQR; AVM, Auditory-Verbal Memory; VSM, Visuospatial Memory.
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Fig. 3. A regression plots related to patients with normal and disordered memory. (A) Alcohol abuse duration vs. Rostral body
atrophy; (B) Age vs. Rostral body atrophy.

sectional area of the regions of the corpus callosum, such
as the genu (F(1, 97) = 8.93, p = 0.004, h2 = 0.088), the
anterior mid-body (F(1, 97) = 5.86, p = 0.017, h2 = 0.059),
the posterior mid-body (F(1, 97) = 4.60, p = 0.035, h2 =
0.047), and the splenium (F(1, 97) = 8.86, p = 0.004, h2 =
0.087). The data on the interaction effect are presented in
Fig. 2.

MANOVA revealed a statistically significant princi-
pal interaction effect of AVM and VSM group for the total
corpus callosum cross-sectional area (F(1, 97) = 6.95, p =
0.010, h2 = 0.070). Pairwise comparisons showed that both
the normal AVM and VSM groups had larger total corpus
callosum area.

3.4 Multiple Correlations in the Four Groups of Men
Taking into account the results of MANOVA analy-

ses we decided to verify the relationships between control
and alcohol consumption variables and cross-sectional sub-
regions area of the corpus callosum. First, the descriptive
statistics (mean and standard deviation or median and in-
terquartile range) of the four groups of alcohol-dependent
men are introduced below (see Table 4).

3.4.1 Disordered AVM and Disordered VSM
The results initially pointed to a statistically signif-

icant correlation between the alcohol abuse duration and
length of the corpus callosum (rho(27) = 0.406, p = 0.036,
FDR = 0.162), and its subregional area — rostral body
(rho(27) = 0.406, p = 0.036, FDR = 0.162). There was
no statistically significant relationships (p> 0.05) between
the age, level of education, other alcohol consumption vari-
ables and cross-sectional area of the corpus callosum.

A multiple regression analysis correcting for age and
kind of scanner was carried out. Only the alcohol abuse
duration was statistically significant predictor (β = –0.538;
p = 0.026) of the rostral body of the corpus callosum. The
model accounted for 21% of the variance. The results were
shown in Fig. 3.

3.4.2 Disordered AVM and Normal VSM

The results pointed initially to a statistically signifi-
cant correlation between the lower level of education and
smaller cross-sectional area of the corpus callosum (rho(44)
= 0.336, p = 0.026, FDR = 0.117) and its subregional area -
splenium (rho(44) = 0.420, p = 0.005, FDR = 0.045). There
was no statistically significant relationships (p > 0.05) be-
tween the age, alcohol consumption variables and cross-
sectional area of the corpus callosum.

A multiple regression analysis correcting for age and
kind of scanner was carried out. The level of education
wasn’t statistically significant predictor (β = 0.118; p =
0.473) of the splenium of the corpus callosum.

3.4.3 Normal AVM and Disordered VSM

There were statistically significant relationship be-
tween the smaller cross-sectional area of the corpus callo-
sum and higher severity of alcohol use disorder (r(10) =
–0.642, p = 0.045, FDR = 0.108) only in alcohol-dependent
individuals with disordered auditory-verbal memory. In the
posterior part of the corpus callosum, we observed corre-
lations between the higher severity of alcohol use disor-
der (MAST score) and smaller isthmus (r(10) = –0.644, p
= 0.045, FDR = 0.108) and splenium (r(10) = –0.674, p
= 0.033, FDR = 0.108). There was no other statistically
significant relationships (p > 0.05) between the age, level
of education, alcohol consumption variables and cross-
sectional area of the corpus callosum.

A multiple regression analysis correcting for age and
kind of scanner was carried out. The severity of alcohol
use disorder wasn’t statistically significant predictor (β =
–0.591; p = 0.060) of the splenium of the corpus callosum.

3.4.4 Normal AVM and Normal VSM

We verified a statistically significant relationships be-
tween the age and rostral body of corpus callosum cross-
sectional area (r(16) = –0.606, p = 0.013, FDR = 0.117).
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Fig. 4. A regression plots with 95 % CI. (A) Age vs. Memory Z-score; (B) Genu area vs. Memory Z-score; (C) Age vs. Attention
Z-score, (D) Total corpus callosum area vs. Attention Z-score. 95 % CI, 95 % confidence interval.

There was no statistically significant relationships between
the level of education, alcohol abuse duration, alcohol daily
consumption, abstinence, the severity of alcohol use dis-
order and cross-sectional area of the corpus callosum, its
length and its sub-regions (genu, rostrum, rostral body, an-
terior mid-body, posterior mid-body, isthmus, splenium) in
alcohol-dependent men with normal memory (p > 0.05).

A multiple regression analysis correcting for scanner
type was carried out. The older age was a statistically sig-
nificant predictor (β = –0.599; p = 0.020) of the smaller
rostral body of the corpus callosum. The model accounted
for 37 % of the variance. The results were shown in Fig. 3.

3.5 Multiple Correlations between Composite Scores and
the Cross-Sectional Area of the Corpus Callosum

First, there was a statistically significant correlation
between composite scores, ATTENTION vs. MEMORY
(r(93) = 0.50, p < 0.001). Second, the results initially
pointed to a statistically significant correlation between the
corpus callosum cross-sectional area and the ATTENTION
score (r(93) = 0.31, p = 0.002, FDR = 0.008). Third,
there was marginally significant relationship between the
total corpus callosum area and MEMORY score, and there
was no statistically significant relationship between the
length of the corpus callosum and composite Z-scores. We

also verified a relationship between the cross-sectional area
of the particular regions of the corpus callosum (rostrum,
genu, rostral body, anterior mid-body, posterior mid-body,
isthmus, splenium).

In the frontal part of the corpus callosum, the smaller
cross–sectional area of the genu of the corpus callosum was
associated with lower MEMORY (r(97) = 0.27, p = 0.007,
FDR = 0.048) and ATTENTION scores (r(93) = 0.28, p =
0.006, FDR = 0.012); the smaller anterior mid-body of the
corpus callosum was more weakly related to lower MEM-
ORY scores (r(97) = 0.24, p = 0.018, FDR = 0.048), and
strength correlated with lower ATTENTION scores (r(93)
= 0.33, p = 0.001, FDR = 0.008).

In the posterior part of the corpus callosum, we ob-
served a strong correlation between the posterior mid-body
of the corpus callosum and the ATTENTION scores (r(93)
= 0.30, p = 0.004, FDR = 0.011), and a weak relation-
ship with MEMORY scores (r(97) = 0.25, p = 0.015, FDR
= 0.048); the smaller isthmus was associated with AT-
TENTION scores (rho(93) = 0.28, p = 0.008), and the
smaller splenium was also correlated with lower ATTEN-
TION scores (r(93) = 0.24, p = 0.022, FDR = 0.035).

Age correcting multiple regression analysis has indi-
cated which cross-sections can predict the cognitive com-
posite scores. Modelling MEMORY scores indicated that
age (β = –0.284, p = 0.005) and genu area (β = 0.199, p

9

https://www.imrpress.com


Table 5. The Pearson r or Spearman rho coefficient of subregional corpus callosum area and memory indicators.

Corpus callosum sub-regions [mm2]
Visuospatial memory (VSM) Auditory–verbal memory (AVM)

Learning efficiency Learning efficiency Delayed memory

Trials 1– 6 total Trial 6 Trials 1– 5 total Trial 5 SDFR SDCR LDFR LDCR

Anterior CC
Rostrum 0 –0.01a –0.03 –0.06a –0.03 –0.08a –0.09a –0.07
Genu 0.27 0.34a 0.17 0.22a 0.25 0.23a 0.22a 0.24
Rostral body 0.01 0.06a –0.07 0.02a 0 0.03a 0.02a 0.02
Ant. mid-body 0.2 0.29a 0.18 0.23a 0.19 0.22a 0.23a 0.24

Posterior CC
Post. mid-body 0.22 0.28a 0.18 0.18a 0.2 0.19a 0.21a 0.2
Isthmus 0.22a 0.30a 0.09a 0.12a 0.08a 0.03a 0.12a 0.07a

Splenium 0.19 0.23a 0.09 0.14a 0.1 0.12a 0.20a 0.13
Note: Statistically significant andmarginally significant correlation coefficients and p-values are in bold (p ≤ 0.05), aSpearman rho coefficient.
Key: Ant. mid-body, Anterior mid-body; Post. mid-body, Posterior mid-body; SDFR, Short Delayed Free Recall; SDCR, Short Delayed
Cued Recall; LDFR, Long Delayed Free Recall; LDCR, Long Delayed Cued Recall; CC, Corpus Callosum.

= 0.046) were predictors. For MEMORY scores, the age
and smaller genu areas accounted for 13% variance. Mod-
eling the ATTENTION scores indicated that both age (β = –
0.307, p = 0.002) and total corpus callosum area (β = 0.255,
p = 0.010) were predictors, accounting for 17 % variance.
The results were shown in Fig. 4.

3.6 Multiple Correlations between the Components of
Auditory-Verbal and Visuospatial Memory and the Corpus
Callosum Area

Given that the memory process has various compo-
nents, we decided to examine the relations between the cor-
pus callosum regions of interest (ROI) and components of
visuospatial and auditory-verbal memory. The results of tri-
als Nos. 1–5 of auditory-verbal memory included one addi-
tional outlier. The Pearson r and Spearman rho correlation
coefficients, with FDR correction, were calculated and are
presented in Table 5.

There was no statistically significant correlation be-
tween attention span (Trial 1 of visuospatial memory and
Trial 1, Trial B of an auditory-verbal memory) and the data
from our analysis of the corpus callosum’s regions. Due
to the many relationships between Trial 6 of visuospatial
memory and the regions of the corpus callosum, a multi-
ple regression analysis correcting for age was carried out.
Modeling Trial 6 of the DCS scores from the corpus cal-
losum ROI indicated that age (β = –0.303; p = 0.002) and
cross-sectional area of the genu (β = 0.242; p = 0.013) were
predictors. The model accounted for 17% of the variance.

4. Discussion
We report the associations between structural changes

in the brain and cognitive impairments in men with alcohol
use disorder. The results showed that the early memory dis-
orders (visuospatial and auditory-verbal) may be a factors
of corpus callosum atrophy, especially in such subregions
as genu, anterior mid-body, posterior mid-body, and sple-

nium. On the other hand, the smaller cross-sectional area of
the total corpus callosum is positively associated with a vi-
sual attention and the reduced callosal subregion’s, genu at-
rophy, may be responsible for a memory impairment. Other
structural changes in the corpus callosum and its subregions
were found in this study, and their relationships with mem-
ory and attention processes will be discussed.

4.1 Structural Changes in the Corpus Callosum in Alcohol
Use Disorder

The corpus callosum is responsible for the informa-
tion exchange between the two cerebral hemispheres. The
range of information exchange is broad, so the corpus cal-
losum structure plays a role in emotional, sensory, mem-
ory, attention, executive functions [10], and in some aspects
of language functions [48]. Previous studies have reported
that the size of the corpus callosum showed lower param-
eters and ratios in older age categories [49]. Additionally,
significant correlations between the older age and corpus
callosum atrophy were found in alcohol-dependent patients
[50]. The most research indicated on the microstructural
changes in the corpus callosum, but in accordance to our
aims of study, we focused mainly on the macrostructural
changes in the corpus callosum.

4.1.1 Primary Callosal Changes — Role of the Fetal
Alcohol Spectrum Disorders in Children

Atypical cortical trajectories with corpus callosum
reduction have been observed in fetal alcohol spectrum
disorders in children [51–54]. Not only smaller cross-
sectional area of the corpus callosumwas observed, but also
white matter disintegrity e.g. lower value of a fractional
anisotropy indicator in posterior tracts of the corpus callo-
sum— the posterior mid-body, isthmus and splenium [55].
As reported, these callosal structural changes will be found
in adolescents and adults, who suffered from prenatal alco-
hol exposure. Previous studies on fetal alcohol spectrum
disorders in adults have reported that the brain maturation
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may vary from one case to another, and also the corpus cal-
losum, basal ganglia, cerebellum showed smaller volume
in earlier age [56]. Our study found callosal morphology
alterations in alcohol-dependent men with memory disor-
ders. Especially, the areas of the subregions of the corpus
callosum — such as the genu, anterior mid-body, poste-
rior mid-body, and splenium — were seen to be damaged
in alcohol-dependent men with memory visuospatial and
auditory-verbal disorders. Although, in our study, the po-
tential problem of fetal alcohol spectrum disorders in exam-
ined patients did not appear, our results showed that the ca-
pacity of memory processes, probably associated with neu-
rodevelopmental changes, may lead to gradual corpus cal-
losum atrophy (in some subregions in particular) in adult
men with alcohol use disorders.

4.1.2 Alcohol-Induced Callosal Changes in Adults

The reductions in the corpus callosum area in alcohol-
dependent patients with longer abuse duration and greater
severity of alcohol consumption are well-known. The
most studies pinpointed the structural changes in the brain
that were observed in the Korsakoff syndrome, the Wer-
nicke’s encephalopathy, the alcohol-related dementia, and
the Marchiafava–Bignami disease. First, the smaller cor-
pus callosum, medial thalami, and mammillary bodies were
found in theKorsakoff syndrome [6]. Second, there was ob-
served a callosal atrophy with a range from 18.2% to 32.8%
reduction in prefrontal callosum subregions in alcohol-
dependent patients with the Wernicke’s encephalopathy
[5]. Third, the cross-sectional area of the corpus callo-
sum was atrophied in the alcohol-related dementia and the
Matchiafavy-Bignami disease [57]. On the other hand,
Kyle Bullock et al. [2] verified that more severe alcohol
use disorder was associated with lower grey matter density
in the hypothalamus and right superior frontal gyrus, but
only in heavy drinking smokers. Nevertheless, other stud-
ies have reported that the cross-sectional area of the corpus
callosum was reduced in callosal subregions’ such as genu,
body and splenium, both in men and women with alcohol
use disorder; moreover, the life-long alcohol consumption
and age of alcohol-dependent men have been a simultane-
ous predictors of a smaller splenium area [50]. Our study
showed that higher age predict the smaller area of the ros-
tral body of the corpus callosum only in alcohol-dependent
men with normal memory processes, but the longer alco-
hol abuse duration drives the reduction of the rostral body
area of the corpus callosum in alcohol-dependent men with
memory disorder.

4.2 Memory (Normal vs. Disordered) in
Alcohol-Dependent Patients

There is growing evidence that corpus callosum at-
rophy in alcohol-dependent men with normal and disor-
dered memory seem to provide a novel perspective in un-
derstanding their memory functioning. Rather than com-

paring their results to standardized values on the sten, sta-
nine or centile scales, many studies have described visu-
ospatial and auditory-verbal memory difficulties as occur-
ring more frequently in alcohol-dependent individuals than
in control groups. We thought that it is important to dis-
tinguish the level of patients’ memory in relation to age-
standardized data, taking into account the role of the cross-
sectional area of the corpus callosum (a neural correlate
of memory). However, in considering memory processes
as both protective factors and risk factors, it was impor-
tant to verify which aspects of this cognitive function was
disordered and which was normal. The protective role of
the memory was associated with aspects that was well pre-
served in patients, results indicated on the role of auditory-
verbal memory, which was often on the medium level and
maintained its proper psychosocial functioning.

4.2.1 Development of a Memory Disorders

The studies on fetal alcohol spectrum disorders have
reported that brain abnormalities may be associated with
deficits in memory, visuospatial ability, and other executive
and socio-emotional functions [58]. Among children with
prenatal alcohol exposure and postnatal risk factors, the dif-
ferentiation of brain structural changes, including not only
corpus callosum atrophy, but also frontal lobes, caudate,
putamen, hippocampus and cerebellar vermis dysfunctions,
may lead to a broad spectrum of neuropsychological deficits
such as intellectual impairment, visual memory disorders,
lower visuospatial skills, and difficulties in executive func-
tions, attention and language [59]. Additionally, dysfunc-
tion in learning efficiency of the memory processes may
be observed in individuals with familiar risk of alcohol use
disorder, due to the differences in maturation of higher or-
der association cortices that are crucial to on-going develop-
ment in executive function and other socio-emotional func-
tions during adolescence [60]. Other studies showed that
participants in the age range of 11-25 years, with high risk
for alcohol use disorder, characterized by high impulsivity
and significantly different executive functions [61].

These neuropsychological profile of children’s and
adolescents’ functioning may lead to further difficulties in
memorizing new information, and a reduction in learning
efficiency related to the memory processes and some as-
pects of executive functions. There is a risk that neurode-
velopmental disorders will affect adults’ functioning and
will become more intensified in alcohol-dependent men
[62]. Our study foundmore significantly visuospatial mem-
ory disorders than auditory-verbal memory disorders in
men with alcohol dependence. Visuospatial memory dis-
orders have often occurred in patients with lower levels of
education, longer duration of alcohol abuse, more frequent
daily alcohol consumption, and higher severity of alcohol
use disorder. We can assume that more intensified alco-
hol consumption, education negligence (or lack of learning
ability) lead to visuospatial memory disorders. Moreover,
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in alcohol-dependent men with both memory disorders (vi-
suospatial and auditory-verbal) the corpus callosum atro-
phy was observed. Based on our research findings, it can
be concluded that memory disorders in men with alcohol-
dependence may contribute to their inferior functioning,
and finally lead to a gradual structural changes in the corpus
callosum (especially in the genu, anterior mid-body, poste-
rior mid-body, splenium). The severe memory impairments
and higher alcohol consumption may be listed as risk fac-
tors such as for loneliness, occupational and leisure time
mental inactivity. The inferior mental functioning usually
leads to the loss of nerve cells and the gradual atrophy of
brain structures [63], including corpus callosum.

4.2.2 Structural Changes in the Brain Related to Memory
Disorders and Attention Difficulties

Most studies confirm that the corpus callosum dys-
function and other brain structures was positively related to
the cognitive impairments in neurological disease caused by
longer alcohol abuse duration. Among othermechanisms, it
is resulting from a dysregulation of the dopaminergic sys-
tem [64]. On the one hand, the corpus callosum atrophy
often leads to the memory disorders, especially in auditory-
verbal delayed memory [65]. On the other hand, the neu-
ral correlates of visual attention in alcohol use disorder in-
dicated on the functional changes in prefrontal or parietal
lobes [66]. Our study confirms that there is a positive cor-
relation between a visual attention and memory processes,
as in the literature these cognitive domains are interacted
[67].

Studies on patients suffering from the Korsakoff syn-
drome have reported that a reduction in mammillary bodies,
thalamus, hypothalamus, basal ganglia, cerebellar vermis
and damaged white-matter tracts (partially in genu of the
corpus callosum) was responsible for a set of higher-order
cognitive dysfunctions, including verbal working memory,
immediate and delayed verbal recall, verbal and visual
recognition, executive functions, but in attention processes
the difficulties was not observed [68]. However, in spite of
unclear regional brain dysfunction, verbal memory disorder
was seen especially in patients with Korsakoff’s syndrome,
but not in the non-demented alcoholic patients [69]. What
is more, visuospatial abilities (visual attention and visu-
ospatial memory), immediate and delayed auditory-verbal
memory, executive functions were declined in alcohol-
dependent individuals compared to the control group [18].
Previous research projects on alcohol use disorder have re-
ported that smaller genu and splenium of the corpus callo-
sum are weakly correlated with lower visuospatial recogni-
tion (aspect of visual attention), and are not associated with
working memory; additionally, the negative correlations
between age and callosal area (genu and splenium) were
noticed in the alcohol-dependent men population [50]. Our
results showed that the memory capacity, whether over-
all or in terms of the single aspect of visual learning effi-

ciency, has been predicted by age and the genu area , while
the lower visual attention processes have been predicted
by older age and total corpus callosum atrophy. Addition-
ally, the role of the area of the corpus callosum isthmus has
proved to be significant in both visual memory and attention
abilities. Moreover, the atrophy of four subregions of the
corpus callosum area (genu, mid-body, isthmus, and sple-
nium) are associated with lower visual learning efficiency
(Trial 6) and visual attention decline, but only the genu at-
rophy and older age of alcohol-dependent men were predic-
tors of difficulties in visual learning efficiency.

5. Limitations
One of this study constraints related to the heteroge-

neous profile of participants, with their broad age range, de-
spite the fact that only men were included. Ultimately, the
age of the subjects was to cover a smaller range, however,
at the stage of recruiting patients for the study, the age range
had to be extended. Most of the respondents range from 30
and 55 age categories. Only three people are under 30 and
elevenmenwith alcohol use disorder are between 56 and 59
years of age. Additional research constraints is the clinical
status of the study group, the members of which had other,
less significant, factors affecting their health. Another con-
straint of the scope of conclusions drawn from the study is
the number of people in particular groups depending on the
efficiency ofmemory processes. Most people are character-
ized by visuospatial memory disorders, while only 10 peo-
ple have both auditory-verbalmemory disorders and normal
visuospatial memory. This is a small group, so the conclu-
sions should be confirmed by a research in a bigger patient
population. Despite the fact that memory disorders are of-
ten present in people with alcohol use disorder, less studies
focused on the comparison of two groups of patients with
visuospatial and auditory-verbal memory disorders. In neu-
ropsychological diagnosis and therapy, it is key what type
of memory is impaired. Another constraint is a wide range
of abstinence times. However, only two people reported
very long periods of abstinence exceeding 100 days and it
is possible, that in the context of the brain structural change
assessment, the vascularization process will not have a sig-
nificant impact on the corpus callosum atrophy in the pa-
tient group under study. Moreover, in spite of the detailed
MRI analysis and the demonstrated lack of statistically sig-
nificant differences between the total corpus callosum area
(the length and subregions) from the 1.5 T and 3 T scanners,
additionally the analysis was carried out by using only 3T
MRI data. Further research seems to be needed in order to
reachmore certain conclusions regarding the impact of con-
sumption variables and other brain structural changes con-
cerning the memory and attention processes of men with
alcohol use disorder.

6. Conclusions
Our major conclusions are as follows. Visuospatial

memory disorders often occurred in patients with lower lev-
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els of education, longer history of alcohol abuse, higher
daily alcohol consumption, and higher severity of alcohol
use disorder. Additionally, we observed a smaller cross-
sectional area of the total corpus callosum and its four sub-
regions (genu, anterior mid-body, posterior mid-body, and
splenium) in the population of alcohol-dependent men with
both nonverbal and verbal memory disorders. Moreover,
the alcohol abuse duration was a clinical significance in
predicting the rostral body atrophy of the corpus callosum,
only in alcohol-dependent men with disordered memory
(auditory-verbal and visuospatial). Among the individu-
als with normal memory it was observed that the older age
was a significant predictor of the smaller rostral body of
the corpus callosum. On the other hand, the lower learning
efficiency of visuospatial memory was significantly associ-
ated with callosal genu and isthmus atrophy in all alcohol-
dependent men. To sum up, the genu area of the corpus cal-
losum plays a crucial role in the neuropsychological profile,
especially for visual attention, memory capacity (mainly in
learning efficiency of visual modality), and memory disor-
der (auditory-verbal and visuospatial). We also observed
a significant role of the elderly age, that is associated with
corpus callosum atrophy and cognitive disorders.
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