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BACKGROUND 
 

 Long-term alcohol use harms brain functioning in adolescence. 

The effects of alcohol are particularly mediated by alterations in 

GABAergic neurotransmission (1).  

 Neuroimaging: simultaneous electroencephalogram (EEG) 

recording with transcranial magnetic stimulation (TMS) enables 

direct, in vivo exploration of cortical excitability and assessment 

of effective and functional connectivity (Figure 1). 

 After motor cortex stimulation, the TMS-evoked EEG potentials 

(TEPs) N45 and N100 are known to reflect GABA-A- and GABA-

B-ergic functioning, respectively (2). 

 

AIMS 
 

 The aim of the current study was to explore whether long-term 

alcohol use in adolescence affects the cortical activity of the male 

and female brain differently. 

 Previously, we have demonstrated that alcohol use in 

adolescence is associated with altered cortical activity (3). 

 

METHODS 
 

 27 (11 males) young adults with heavy 10-year alcohol use in 

adolescence and 25 (12 males) controls with little or no alcohol 

use participated in TMS-EEG measurements.  

 61-channel EEG was registered 

 TMS targeted to the motor cortex (M1); 150 stimuli 

 Intensity of TMS was 90% of the resting motor threshold of 

the abductor pollicis brevis muscle  

 Data analysis: MATLAB with the EEGLAB toolbox  

 Statistical analyses: IBM SPSS Statistics, version 22 

 Linear mixed model with 2 groups (users vs. controls)  and 

3  anterior-posterior regions (frontal, central, parieto-

occipital) was used for statistical analyses. 
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RESULTS 
 

 Global-mean field power (GMFP): The total activity of EEG was 

significantly increased in the male alcohol users’ group between 

52 – 77 ms (p<0.05) (Figure 2). 

 Females and males tested separately with Linear mixed model    

 TEP N45 amplitude: In both genders, a significant group*AP 

interaction was found (females: p=0.003, males: p<0.001). 

The significant difference was located frontally in both 

genders, the N45 amplitude being larger in alcohol users 

(left panel in Figure 3).  

 TEP N100 amplitude: In males, a group*AP difference was 

encountered (p<0.001), which can be seen in dissimilar 

topographic distribution (upper right panel in Figure 3). 

CONCLUSIONS 
 

Our results support the hypothesis that alcohol use affects the 

developing brain differently in males and females.  

 

Interestingly, in males, alcohol use was associated with more 

pronounced findings: altered GMFP and  GABA-A- and GABA-

B-ergic cortical functioning, whereas in females the alterations 

were found only in the GABA-A-ergic activity. The relationship 

between sex hormones and neurotransmission should be 

further studied.  
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Figure 1. TMS-EEG. Figure 2. GMFP in females (left) and males (right).  

Standard deviation presented with dotted lines. Significant difference marked with a blue box.   

Figure 3.  The N45 and N100 components at the time of  

group specific mean latencies. 
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