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Binge Drinking (BD) is a pattern of intermittent intensive alcohol intake which has spread among 

young adults over the last decades. Adolescence constitutes a critical neuromaturation period in 

which the brain is particularly sensitive to the effects of alcohol. However, little is known about 

how BD affects to the brain activity. 

This study aimed to characterize the brain’s functional organization in BD and non-BD young 

population by means of analyzing functional connectivity (FC) and relative power spectra (PS) 

profiles measured with Magnetoencephalography (MEG) during eyes-closed resting state. Our 

sample was composed by73 first-year university students (35 BDs and 38 controls). 

Results showed that the BD subjects displayed a decreased alpha FC in frontal-parietal regions, 

and conversely, an enhanced FC in the delta, theta and beta bands in fronto-temporal networks. 

Besides the FC differences, the BD group showed a decreased PS within alpha range and an 

increased PS within theta range in the brain’s occipital region. 
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These differences in FC and PS measurements provide new evidence of the neurophysiological 

alterations related to the alcohol neurotoxicity and could represent an initial sign of an anomalous 

neural activity caused by a BD pattern of alcohol consumption during youth.   

Keywords: Alcohol, Binge Drinking, Resting State, Functional Connectivity, Power Spectrum, 

Magnetoencephalography 

 

1. Introduction 

 

Alcohol is the psychoactive substance whose use is 

more widespread among students aged between 14 and 

18 years 
1,2

. Over the last decades, a pattern of 

intermittent intensive alcohol intake, known frequently 

as “binge drinking”, has spread among young adults 
3,4

. 

Binge drinking (BD) is characterized by the intake of 

large amounts of alcohol in the same session, mainly 

during weekends, followed by a period of abstinence 
5,6

. 

Although an operational definition of BD has not been 

used consistently, the most widely used definition for 

this term is the one defining it as the consumption of 

60/40 or more grams of alcohol (male/female) 

concentrated in a single session, in which the level of 

intoxication is maintained, at least once within the past 

month 
5,7

. Definitions also refers to the duration of the 

drinking session, usually considering the intake of 60/40 

grams of alcohol in a two-hour interval, resulting in a 

blood alcohol concentration of 0.08 gram percent or 

above 
7,8

. 

For many years, most of the research on alcohol brain 

damage has focused on chronic alcoholism. More 

recently, the interest of neurotoxicity induced by BD 

during adolescence has arisen. Adolescence is a critical 

neuromaturation period during which the brain is 

particularly sensitive to the effects of alcohol 
9,10

. The 

region that experiences the most notable changes is the 

prefrontal cortex (PFC), which does not reach maturity 

until early adulthood 
11

. The maturation of the PFC 

supports the improvement of complex behavioral 

functions and cognitive skills, such as working memory, 

planning, problem solving or inhibitory control 
12

. 

Recent studies reveal that alcohol use disorders (AUD) 

in human adolescents may cause structural damage, 

especially in the PFC and the hippocampus 
13–15

.  

Cognitive deficits consistent with damage in the PFC 

have also been reported in BD population, both with and 

without AUD, especially in working memory, decision 

making, problem solving, flexibility and inhibitory 

control 
16–23

. Furthermore, two studies have found white 

matter integrity damage when measure DTI associated 

to the DB consumption 
24,25

. EEG studies assessing 

event-related potentials (ERP) have provided evidence 

about differences between BD and Control groups 

during performance of different tasks involving working 

memory, inhibition response or processing emotional 

stimuli 
26–32

.  

Considering the need of a more comprehensive research 

within this issue, the aim of this study was to explore 

the potential neurophysiological alterations during 

resting state associated with a BD pattern of alcohol 

consumption. Resting state comprises the activity of 

selective brain regions when the brain is not involved in 

an externally imposed goal-directed activity, and 

constitutes a core feature of brain activity. This 

paradigm is broadly studied nowadays probably due to 

the fact that its degeneration has been associated with 

impairments in different cognitive processes 
33–35

 as 

well as with several neuropsychiatry disorders 
36–39

, 

including alcoholism 
40–42

. Thus, alterations in the brain 

resting state activity could be used to give an indication 

of potential neurophysiological impairments related to 

BD. 

In the present study, eyes-closed resting state was 

recorded with Magnetoencephalography (MEG). The 

MEG is a noninvasive technique which measures 

directly the magnetic fields of the brain activity with 

millisecond accuracy. This system offers a different 

approach to fMRI, which measures directly the 

hemodynamic response, and from this response it infers 

the brain activity. In addition, the MEG has been proven 

to be useful when studying both spontaneous and task-

related brain activities 
35,38,43

. As a first step, we 

calculated the Power Spectrum (PS), which may reflect 

the organized activity in local networks of neurons, but 

per se it does not capture the dynamical interactions 

among the distributed neural assemblies. There is 

increasing evidence showing that the communication 

among these neural networks takes place through the 

synchronization of their activity. This Synchronization 

can be assessed by means of Functional Connectivity 

(FC) 
44,45

, which measures statistical interdependences 

among the physiological signals which emerge from 

different brain areas. Among the numerous algorithms 

which measure the FC 
46

, the most used in neuroscience 

are those that assess the phase of the physiological 

signals. One of them is the Phase Locking Value (PLV) 
47

 or mean phase coherence, which offers a 

straightforward estimation of the averaged phase 

coupling in each frequency band, among different 

electrophysiological brain signals. Therefore, under the 

FC approach, the brain is a complex neural network, 
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where the FC represents the communication that takes 

place among different regions. At the same time, there is 

evidence about the correlation between FC values and 

cognitive functions such as language, attention or 

memory 
48–50

. Thus, the disturbance of synaptic 

transmission, the loss of neurons or the degeneration in 

the integrity of the white matter tracts are some of the 

biological processes that may affect the ability to 

integrate information from different brain regions and 

therefore, may impair the FC. 

FC has showed to be impaired in subjects with chronic 

alcoholism. FMRI studies have revealed that FC 

networks are affected among these patients during 

different task performance 
51–54

, and resting state. 

Chanraud and cols. found a reduction of synchrony 

between posterior cingulate and cerebellar regions in 

alcoholics compared to controls during resting state. It 

must be taken into account that the fMRI studies 

calculate FC from the brain hemodynamic response; on 

the other hand, MEG FC is calculated from the cerebral 

magnetic activity. Therefore, since they are signals of 

different nature, the relationship between them must be 

made cautiously. As far as we know, only one study 

measured with EEG has assessed FC in young students 

with high and regular alcohol consumption during 

resting state 
55

. Bruin and cols. compared heavy alcohol 

drinkers with moderate and light drinkers and they 

found that those students who drank more had higher 

theta and gamma Synchronization Likelihood (SL). 

To the best of our knowledge, this is the first 

neurophysiological investigation that assesses the PS 

profile and FC pattern during brain resting state in BD 

subjects as compared to light-drinker controls. We tested 

the hypothesis that the BD pattern of alcohol 

consumption may induce anomalies in the oscillatory 

and synchronized brain activity, even in early ages. 

 

 

2. Methods and Materials 

 

2.1. Subjects 

 

MEG signals were obtained from 73 first-year students 

of the University Complutense of Madrid: 35 BDs (17 

males and 18 females) and 38 control subjects (21 males 

and 17 females). They were divided into binge drinkers 

(BD group) and a control group according to a 

questionnaire and a semi-structured interview inquiring 

about alcohol and other drug consumption habits. 

Participants were asked to cover a record of daily 

consumption indicating what they drank, the quantity 

and for how long (hours). Their blood alcohol 

concentration (BAC) was calculated based on the 

information of drinking episode of the last 6 months and 

according to the following algorithm: 

 

𝐵𝐴𝐶 =  (
𝐺 𝑜𝑓 𝑎𝑙𝑐𝑜ℎ𝑜𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑖𝑛 𝐾𝑔 ×𝑟
) − 𝑚𝑟 × ℎ𝑜𝑢𝑟𝑠                  (1)  

 

where r is a constant with value 0.68 for male and 0.55 

for female and mr the metabolization rate with value 

0.15 for male and 0.18 for female. We considered the 

BAC value as a rough index representing the BD level 

of each subject. Participants reaching BAC of 0.08% or 

above, which is a binge drinking episode, at least once 

during the last month were classified as BD. On the 

other hand, the control group was consisted of students 

who never achieved that alcohol concentration. The 

average time that the BD group has been drinking is 

14.98 ± 1.17, making it a very homogeneous history of 

consumption, so this question would not be a 

contaminating variable. Demographic data are shown in 

Table 1. 

 
Table 1. Demographic, Tobacco, Drinking and number of trials data 

 
 Control BD 

   

N (males/females) 38 (21/17) 35 (17/18) 

Age 18 18 

Tobacco smokers 0 4 

Grams of alcohol in a BD 
day (BAC)* 

 

0.0147 ± 
0.024 

0.1537 ± 
0.0413 

Number of trials 39.1 ± 7.4 37.6 ± 8.9 

 

The alcohol grams present in a “Standard Unit Drink” 

(SUD) varies from country to country and therefore, 

these differences make it necessary to adapt the criteria 

about number of SUDs to the country in which the study 

is being carried out. As it was mentioned before, the 

consumption of 60/40 or more grams of alcohol 

concentrated in a single session is considered a binge 

drinking episode, and, in Spain, that amount 

corresponds to 5/4 SUD or above 
5
, which produces a 

BAC of 0.08%. 
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All volunteers provided written informed consent prior 

to assessment. Participants were asked to refrain from 

alcohol consumption for, at least, 24 hours prior to 

MEG recordings. Subjects were submitted to a 

breathalyzer test, and the assessment was only 

performed after verifying a 0.00 % breath alcohol level. 

The exclusionary criteria of the study are shown in 

Table 2. In order to minimize the possible influence of a 

genetic predisposition for alcoholism, participants were 

questioned about their personal and family history of 

alcoholism (FHA). Personal history of 

psychopathological disorders (axes 1 and 2) were 

excluded according to DSM-IV-TR criteria and 

psychopathological traits were assessed by the 

Symptom Cheklist-90 Revised questionnaire (SCL-90-

R). In addition, it was verified that subjects neither have 

any disease affecting cognitive functioning or 

neurological disorders nor were taking any medicine 

with psychoactive effects. Besides, they answered the 

Alcohol Use Disorders Identification Test (AUDIT) and 

subjects who scored 20 or above were excluded for 

having alcohol use disorders. Tobacco consumption was 

not an exclusion criterion but a controlled variable. 

According to the Syndrome Nicotine Dependence Scale 

(NDSS-S) 
56

, 4 participants fulfilled the criterion of 

nicotine dependence, all belonging to the BD group. 

Regarding cannabis consumption, although only regular 

users of cannabis were excluded of the sample, no 

subject consumed even occasionally. 

 

 

Table 2. Exclusion criteria applied in this study. 
 

Medical conditions affecting the normal cognitive functioning 

Personal history of neurological disorder 

Personal history of psychopathological disorders (according to DSM-IV criteria) 
Family history of major psychopathological disorders in first degree relatives 

Family history of first or second degree of alcoholism or substance abuse 

Use of illegal drugs (except occasional cannabis consumption) 
Regular consumption of medical drugs with psychoactive effect (sedatives/anxiolytics) 

Motor or sensory disabilities uncorrected 

AUDIT scores ≥ 20 

 

2.2. MEG recordings 

 

Four minutes of resting state with eyes closed were 

acquired at 1000 Hz sampling rate (online bandpass 

filtering at 0.1-330 Hz) with a 306-channel Vectorview 

system (ElektaNeuromag) which combines two 

orthogonal, planar gradiometers, and one magnetometer.  

Only magnetometers (102 channels) information was 

analyzed in this study. The system was housed in a 

magnetically shielded room (VacuumSchmelze GmbH, 

Hanua, Germany) at the “Laboratorio UPM-UCM de 

Neurociencia Cognitiva y Computacional” (Madrid, 

Spain). The head movement was controlled by means of 

four head-position indicator (HPI) coils attached to the 

scalp. The position of HPI coils and subject’s headshape 

placed on three anatomical locations (nasion and both 

preauricular points) was defined using a 3D digitizer 

(FastrakPolhemus). Ocular movements were tracked by 

means of two bipolar electrodes. Recordings were 

submitted to Maxfilter software (v 2.2, correlation 

threshold = 0.9, time window = 10 seconds) in order to 

remove external noise with the temporal extension of  

 

 

 

the signal space separation method with movement 

compensation 
57

. Resting state magnetometer’s data was 

automatically scanned for ocular, muscle and jump 

artifacts with Fieldtrip package 
58

. Artefact-free data 

were segmented into continuous 4-second fragments 

(trials). The MEG PS (1 - 45 Hz) was computed for all 

trials (see below for details). An experienced technician, 

blinded to the subjects’ group, carried out a visual 

inspection over the raw data and the spectra. Those 

trials with noisy raw signal or aberrant PS profile were 

dismissed. Finally, only MEG recordings with at least 

15 clean trials (one minute of brain activity) were kept 

for further analyses. The number of surviving trials did 

not differ significantly between groups (control group: 

(39.1 ± 7.4), binge group: (37.6 ± 8.9), p=0.75). Matlab 

version 8.0 (Mathworks, Natick, MA, USA) was used 

for the analysis with custom-written scripts.  

 

 

2.3. Power spectrum 
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MEG PS were computed through Fieldtrip with a 

variable frequency of interest range of 0.5 Hz steps from 

2 to 25 Hz and 1 Hz steps from 26 to 45 Hz. The 

average frequency-content of each trial was obtained 

through a multitaper method (mtmfft) with discrete 

prolate spheroidal sequences (dpss) as windowing 

function and 1 Hz smoothing. These PS were averaged 

across trials, obtaining for each subject a matrix whose 

dimensions were 102 channels x 67 frequency steps. 

Finally, the PS was normalized with the sum of the 

spectral power in the 2-45 Hz range 
59,60

. 

 

2.4. Phase locking value 

 

In this study, the FC was measured by phase-locking 

value (PLV) 
47

 in the following frequency bands: delta 

(2-3.9 Hz), theta (4.1-7.9 Hz), alpha (8.1-11.9 Hz) and 

beta (12.1-29.9 Hz). First, the time series were filtered 

with a Finite Impulse Response filter of order 300 

designed with a Hamming window. The filter was 

applied using a two-pass procedure over the whole four-

minute registers, in order to avoid phase distortion and 

edge effects. The starting data set consisted in matrices 

with dimensions: 102 channels x 4000 samples x 4 

frequency bands x trials. Then, for each frequency band 

and trial, we have calculated PLV via the following 

procedure: (1) for each sensor j= 1…102, the phase of 

the signal 𝑥𝑗(𝑡) was extracted by means of a Hilbert 

transform: 

 

𝑧𝑗(𝑡) = 𝑥𝑗(𝑡) + 𝑖 ∙ 𝐻𝑖𝑙𝑏𝑒𝑟𝑡 (𝑥𝑗(𝑡)) = 𝐴𝑗(𝑡) ∙ 𝑒𝑖𝜑𝑗(𝑡)      (2) 

 

 (2) the synchronization between a pair of phases 𝜑𝑗(𝑡) 

and 𝜑𝑘(𝑡) was calculated with the following expression: 

 

  𝑃𝐿𝑉 =  
1

𝑀
|∑ 𝑒𝑖(𝜑𝑗(𝑡𝑚)−𝜑𝑘(𝑡𝑚))𝑀

𝑚=1 |                                        (3) 

 

Where M = 4000 is the number of samples in the time 

series (4 seconds sampled at 1000Hz). Finally, the 

results were averaged across trials ending up with 

symmetrical 102 channels x 102 channels connectivity 

matrices for subject and frequency band. 

 

2.5. Statistical analysis 

 

In both cases (PS and FC analysis), the first step 

consisted in transform, prior to the statistical tests, the 

values (power or PLV) by means of 

 

 𝑥 = log(𝑥
1 − 𝑥⁄ )                                                                       (4)                       

 

in order to obtain values following a normal distribution
 

60
. 

 

2.6.1. Power Spectrum Analysis 

 

In order to accomplished a data-driven analysis of the 

power differences between groups we use a 

methodology designed for EEG/MEG data extracted 

from the cluster based non parametric permutation test 

described by Maris and Oostenveld 
61

. A similar 

methodology has been employed successfully in 

previous studies 
59,62,63

.  

First, an exploratory pairwise t-test was calculated per 

each channel in each frequency step. Those comparisons 

which were found to show significant differences 

between groups (p < 0.05) were clustered according to a 

criterion of spatial (each cluster must contain at least 3 

contiguous and significant sensors) and frequency 

adjacency (the difference between pairs of groups must 

remain significant during at least a 2 Hz-interval which 

corresponds to 4 frequency steps). Then, the obtained 

power values were submitted to a non-parametric 

permutation test. This test consisted in assign randomly 

2000 times the power values to the original groups. The 

sum of t-values over each cluster in the original data set 

was compared with the same measure in the randomized 

data. Therefore, for each cluster, the proportion of 

randomizations with t-values higher than the ones in the 

original data corresponds to the final p-value. Finally, 

with the aim of characterizing the significant differences 

between groups in each cluster and frequency range; we 

carried out another t-test between the averaged power 

values in the significant clusters and within the 

significant frequency ranges. This comparison was 

submitted as well to the non-parametric test, which was 

explained before. These are the values shown in the 

results section. 

 

2.6.2. Functional Connectivity Analysis 

 

The FC statistical analysis was based as well in the 

methodology introduced by Maris and Oostenveld. The 

procedure was carried out independently for each 
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frequency band. First, an exploratory t-test was 

calculated per each PLV value. Then, those channels 

with at least two significant links were taken into 

account as members the significant network. These PLV 

values were submitted to the non-parametric test 

explained before. The last step and similarly to the 

power analysis procedure, we calculated another t-test 

between groups with the averaged PLV value across 

each significant network. This comparison was checked 

via the non-parametric test and corresponds with the 

values shown in the results section. 

In addition, Spearman correlation test in the BD sample 

were calculated between the significant average values 

(both, PS and FC) and the BAC score. These scores 

were checked as well by means of corresponding non-

parametric test. 

Finally, the effect sizes of the significant results were 

calculated through the following expression:  

 

∆ =  
𝑋𝐵𝐷̅̅ ̅̅ ̅̅ −𝑋𝐶𝑁̅̅ ̅̅ ̅̅

𝜎𝐶𝑁
                                                                                   (5)  

 

where 𝜎𝐶𝑁 was the standard deviation of the control 

group. The 𝑋𝐵𝐷
̅̅ ̅̅ ̅ and 𝑋𝐶𝑁

̅̅ ̅̅ ̅

 

values corresponded with the 

average significant value (PS or FC) of the BD and 

control group respectively.  

 

3. Results 

 

3.1. Relative Power Spectra 

 

The average relative power in the 1-45 Hz range was 

obtained for each group. We found differences only 

within the first third of the spectra, so only this section 

is depicted in figure 1. The profile of the spectral 

distribution was different for both groups. Both showed 

the maximum peak around 10 Hz frequency and 

significant differences between groups were found 

within two ranges. (1) A range within theta band that 

included frequencies between 4-6 Hz (henceforth called 

theta range), with BD group displaying increased theta 

range power in an occipital cluster of sensors compared 

to the control group (t = -2.014, p = 0.044). (2) A range 

within alpha band that included frequencies between 9-

11 Hz (henceforth called alpha range), where the BD 

group showed reduced alpha range power in a temporal-

occipital cluster of sensors as compared to the control 

group (t = -2.294, p = 0.025). The effect size values per 

the comparison of the average significant power of theta 

and alpha ranges are 0.64 and -0.51 respectively. 

The possible gender influence was tested for all results 

through an extra two way ANOVA test with gender and 

group as main variables. Neither gender main effect nor 

gender by group interaction were found significant (p > 

0.05). 
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Fig. 1. Power spectra results. Top, differences within the alpha band range [9-11Hz]. The cluster in blue color represents a decrease in 

relative power in the binge drinking group in temporal-occipital regions in comparison with the control group. Red and blue lines 

depicted the average relative power spectra for the channels of the blue cluster in the binge drinking group and control group, 

respectively. Highlighted region in blue refers to the frequency range with significant differences in the blue cluster of channels. 

Bottom, differences within the theta band range [4-6Hz]. The cluster in red color represents an increase in relative power in the binge 

drinking group in the occipital region in comparison with the control group. Red and blue lines depicted the average relative power 

spectra for the channels of the red cluster in the binge drinking group and control group, respectively. Highlighted region in orange 

refers to the frequency range with significant differences in the red cluster of channels. Spectra are represented on the “x” axis from 2 

to 30 Hz frequency whilst the “y” axis depicts relative power values. Shaded error bars display corresponding standard error. The 

effects size values per the comparison of the average significant relative power of theta and alpha ranges are 0.64 and -0.51 

respectively. 

3.2. Functional Connectivity 

 

Regarding FC, significant differences were found in 

delta, theta, alpha and beta bands. In delta, theta and 

beta the FC of the BD group was enhanced compared 

with the FC of the control group, whilst in alpha band 

the BD group showed diminished FC.  

In delta band, a hyper-synchronized network in the BD 

group was located by connecting the right frontal and 

right temporal areas (t = -3.3883, p = 0.0012). When the 

FC in theta band was analyzed, a network connecting 

the middle frontal and the middle parietal areas showed 

increased FC in the BD group relative to the control 

group (t = -2.8471, p = 0.0058). Another network with 

enhanced FC was found in beta band, where an 

increased long range FC was found in the BD group 

between right frontal and right temporal regions (t = -

3.6786, p = 0.0005). Finally, the FC analysis in alpha 

band showed diminished synchronization in the BD 

group in a long range network, which connected the left 

frontal and left temporal areas (t = 2.8585, p = 0.0056) 

(see Figure 2). Significant values of FC in alpha band 
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correlated negatively with the BAC value of the BD 

group (rho = -0.56, p = 0.00088), therefore, the more 

BAC, the less alpha FC between the left frontal and the 

left temporal areas.  

The effect size values per the comparison of the average 

significant FC delta, theta, alpha and beta bands are 

0.64, 6.69, -0.65 and 0.87 respectively.  

The possible gender influence was tested for all results 

through an extra two way ANOVA test with gender and 

group as main variables. Neither gender main effect nor 

gender by group interaction were found significant (p > 

0.05).

 

 

Fig. 2. Functional connectivity results. This figure shows the significant network for each frequency band. 3D and 2D models show 

the same networks. The FC of the control group is employed as the reference. Therefore, a line between two channels represents a 

link whose FC value has been found significantly different between both groups. The red/blue color indicates that the FC of the binge 

drinking group has been found enhanced/diminished in comparison to the FC of the control group.  The effects sizes values per the 

comparison of the average FC of the delta, theta, alpha and beta significant networks are 0.64, 0.69, -0.65 and 0.87 respectively. For 

alpha band, the scatter plot depicts the significant Spearman correlation between the average FC of the alpha significant network and 

the BAC score in the binge drinking population (p =0.0002, rho = -0.56). 

 

4. Discussion 

 

The results of the present study showed that FC and 

PS, as assessed by MEG signal during eyes-closed 

resting state, differ between young control and BD 

students. The statistical analysis indicated that: 1) the 

BD group, compared to the control group, depicted 

diminished PS in alpha and enhanced in theta 

frequency ranges in occipital areas; 2) FC analysis 

showed a significant increase in the BD group in delta, 

and beta bands in right fronto-temporal networks, and 

also in the theta band in a middle fronto-parietal 

network, together with a significant decrease in alpha 

synchronicity between left frontal and parietal regions.  

 

4.1. PS differences  

 

Given that several studies evaluating PS during resting 

state in alcoholics have also found an increase in theta 
64

 as well as a decrease in alpha 
65,66

 bands , our results 

seem to indicate that the BDs might exhibit a similar 

spectral pattern as alcoholics in these frequency bands.  

Regarding the theta band, it is known that this 

frequency band decreases across individual 

development 
67,68

. In the same way, reductions in PS of 

theta bands have been related to the reduction that 

naturally occurs in the cerebral gray matter volume 

from childhood to young adulthood 
69

. Inasmuch as 

some studies have associated the BD pattern of alcohol 

consumption in youths with a potential 

neuromaturational delay, i.e., with greater grey matter 

volumes in certain cortical and subcortical regions due 

to a lower synaptic pruning 
70–72

, the greater theta band 

observed in BDs compared with controls could be 

related with a neurodevelopmental delay in these 

subjects. However, this interpretation is still tentative 
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and new studies assessing PS and cortical thickness are 

necessary to test this hypothesis. 

Regarding alpha band, there is considerable evidence 

that a resting state eyes-closed condition in healthy 

subjects induces an oscillatory activity around 10 Hz 

over the posterior scalp regions 
73

. Large alpha power 

in a resting state period has been related to good 

memory performance during a memory task 
49,74

. Thus, 

the decrease in alpha band in occipital areas of the BD 

group may be related to a deficit in memory 

compatible with cognitive studies with this population 

showing deficits in memory tasks 
21,22,75

. 

Besides, a recent study has shown that acute alcohol 

intoxication also affects alpha band, increasing its 

short-term power mainly during eye-closed resting 

state, also measured by MEG 
76

. Therefore, it would be 

possible that a pattern of consumption that includes 

repeated alcohol intoxication, as BD, affects long-term 

PS and, specifically to alpha power. 

To our knowledge, only one study has evaluated PS in 

BDs. In this study, Courtney and Polich (2010) found 

differences in PS measured by EEG signal between 

university students who varied in their alcohol 

consumption 
77

. High-binge drinkers (> 10 drinks in 

under two hours on more than one occasion within the 

past six months) exhibited increased PS in the delta 

and fast-beta (20-35 Hz) bands as compared to non- 

and low-binge drinkers (5/4-7/6 drinks under two 

hours). However, there were no differences between 

non-binge drinkers and low-binge drinkers in these 

frequency bands. In our study, controls (light drinkers) 

and BD subjects display similar patterns of alcohol 

consumption as the non- and low-BDs observed in the 

Courtney and Polich’s study. It must be noted that our 

BD sample is equivalent to the low-BD group in that 

study. Thus, the absence of differences in the delta and 

fast-beta frequency ranges of our study is consistent 

with the results presented by these authors. On the 

other hand, we do find PS differences between our 

groups, unlike the absence of differences between non- 

and low-binge drinkers in their study. The divergence 

between both results might be due to the differences 

between the two studies: EEG vs. MEG recording, 

eyes-open (EO) vs. eyes closed (EC) resting state, or 

the number of subjects in the sample. PS significant 

differences found in this study were mainly located in 

occipital MEG sensors, typical areas where alpha is 

activated during resting state. Differently, Courtney 

and Polich´s EEG differences were found in the Cz 

electrode. Another difference between studies is that 

PS of resting state EC varies form EO and also its 

spatial distribution. The major difference between 

conditions is the reduction of alpha band from EC 

resting state to EO 
78

. New EEG and MEG recordings 

will be necessary to clarify the alteration patterns 

during resting state in young people with a BD pattern 

of alcohol consumption. 

 

4.2. FC differences 

 

As stated in the introduction, the loss of white matter 

integrity associated may entail a lower efficiency in the 

communications among brain regions and therefore, 

we think that it may affect the FC and the PS. In this 

sense, several studies using fMRI have observed 

disturbances in FC in alcoholic patients during resting 

state 
40

 as well as during performance of different 

cognitive tasks 
51–54

. Another study conducted by Bruin 

and cols. (2006) showed impaired synchronization of 

the brain activity (reflected as lower alpha and slow-

beta activity in the EEG) during resting state in a 

population of adults heavy drinkers, whose alcohol 

consumption was between 21 and 53 drinks per week 
79

. However, in this study the main result involved a 

heavy and regular drinker population, which does not 

match with our sample of BDs.  

While these studies in subjects with alcohol 

dependence or abuse report impairments in neural 

networks, it is still questioned whether BD could cause 

connectivity disruption. In this sense, as stated in the 

introduction, two studies from the same laboratory 

observed that white matter integrity was also 

compromised in young BDs in several association and 

projection white matter tracts, such as -occipital and 

fronto-temporal connections 
24,25

. Altered white matter 

integrity could partially underlie functional alterations 

in BD population observed in these regions. To our 

knowledge, no study has evaluated the FC networks in 

this population during resting state. Only one study 

examined the brain FC in young subjects (aged 22-27 

years) with a pattern of consumption of 30 or more 

alcoholic drinks per week during resting eyes closed 

state. This regular and heavy alcohol consumption, 

although different from de BD pattern, seems to induce 

FC disruptions partially similar to those observed in the 

BD group of our study. In that study, the heavy alcohol 

drinkers displayed higher synchronization in the theta 

and gamma bands as compared to the control group. 

The augmented theta synchronization in these heavily 

drinking students resembles the increased theta FC in 

the BDs students of our study.   

Our results also showed a diminished synchronization 

between left frontal and left temporal areas in the BD 

group. As stated above, alpha rhythm is the most 

dominant in resting state, strongly related with several 

cognition processes 
49,50,80

, and it also has an important 

functional role in the inhibitory processes 
81–83

. There is 

growing evidence about the importance of the fronto-

parietal regions in efficient cognitive control 
84,85

. But 

more important seems to be the interaction of alpha 

rhythm with those brain regions which are suppressed 

during cognitive control tasks 
86

. This interaction, 

consisting in a switch between externally and internally 

oriented cognition, is really important for cognitive 
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performance 
87

, even in resting state 
88

. So the 

inhibition role of alpha band could be an effective 

mechanism to regulate the output of cortical networks 
89

. Several studies have found that BD adolescents 

perform poorly in task involving prefrontal activity 
16,18

, and especially in inhibitory control processes 
19,20

. 

In this sense, the diminished FC of the BD group in 

alpha band involving left frontal and temporal areas at 

rest found at this study could represent a sign of neural 

anomaly accountable for the poor performance in 

inhibitory processes in this population. This lack of 

inhibition might increase impulsivity contributing to 

the development, persistence and/or severity of alcohol 

use disorders 
90,91

. 

Furthermore, another proof that reinforces the fact that 

the BD pattern produces a FC decrease in alpha band is 

the negative correlation between this decline and the 

increase of the BAC score, therefore, the more BAC, 

the less alpha FC between the left frontal and the left 

temporal areas. 

Regarding the increased FC in delta, theta and beta 

bands, enhanced FC has also been observed in several 

abusing groups of substances, such as alcohol, opioids 

or cannabis 
63,92–95

. This increased FC has often been 

interpreted as a compensatory mechanism for the 

reduced or altered FC in other regions. Other studies 

with adolescent and young students have concluded 

that BD pattern can lead to a neural over-activation, in 

spite of the absence of behavioral performance 

differences 
29,30,96,97

. This neural hyperactivity has also 

been explained as compensatory cerebral changes in 

order to facilitate normal behavior performance. Thus, 

it is possible to think that the increased FC in delta, 

theta and beta bands might result from a compensation 

of the decrease of alpha band, but we are not able to 

validate it without further neuropsychological 

information. 

A common limitation that affects studies with this type 

of population is that the cross-sectional nature of this 

study makes it difficult to draw a conclusion about 

casual relationships between the neurophysiological 

differences and the binge drinking consumption. It 

cannot be excluded that the differences between groups 

are previous to the consumption. In spite of this 

limitation, we were still able to demonstrate reliable 

neurophysiological differences between a BD group 

and control subjects.   

 

4.3 Conclusions 

 

To the best of our knowledge, this is the first study 

assessing the FC patterns together with the analysis of 

PS profiles measured by MEG in young subjects with a 

BD pattern. Differences found in this study between 

BDs and light or non-drinkers in PS and FC 

measurements could represent an initial sign of an 

abnormal oscillatory and synchronized neural activity 

associated to a BD pattern of alcohol consumption 

during youth. The high prevalence of this behavior 

among the young population increases the necessity of 

further studies in order to confirm the results and to 

clarify the dimension of this problem.  
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