
 

M. Lee et al. (Eds.): ICONIP 2013, Part I, LNCS 8226, pp. 199–206, 2013. 
© Springer-Verlag Berlin Heidelberg 2013 

Biomarker Development on Alcohol Addiction  
Using EEG 

Pham Lam Vuong1, Likun Xia1, Aamir Saeed Malik1, and Rusdi Bin Abd Rashid2 

1 Center for Intelligent Signal and Imaging Research (CISIR) 
Department of Electrical and Electronic Engineering,  

Universiti Teknologi PETRONAS, Malaysia 
2 Department of Psychological Medicine, Faculty of Medicine, University of Malaya 

Abstract. Alcohol addiction is harmful to society, economy and personal 
health. Alcohol addiction treatments intend to help addicted individuals reduce 
and stop compulsive alcohol use. Using biomarker, the clinicians could 
determine if drugs are having a desirable effect much earlier and given in 
correct dose for treatment. This paper will provide an up-to-date review of the 
state of the art in biomarker development for alcohol addiction treatment using 
electroencephalography (EEG) including EEG methodologies and their 
applications. 
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1 Introduction 

Alcohol addiction is characterized by an increased tolerance and physical 
dependence on alcohol that affect individual's ability to control alcohol consumption 
safely and cause withdraw symptoms once stop drinking. The harmful use of alcohol 
results in approximately 2.5 million deaths each year [1]. Alcohol damages almost 
every organ in the body, including the brain. 

The harmful effects of alcohol addiction may be reduced through treatment 
policies. Biomarkers could help increase treatment efficiency by 1) combining with 
other screening tools (CAGE, MINI, …) to identify individuals with alcohol-related 
problems or who are at risk, 2) identifying the subset of abstainers at highest risk for 
relapse [2-3] and 3) evaluating new medications or behavioral interventions by giving 
outcome measures in earlier stage. Electroencephalography (EEG) is a non-invasive 
technique that detects electrical impulses in the brain due to neuronal activity using 
electrodes placed on the patient’s scalp. EEG and related methodologies offer the 
promise of new biomarker for alcohol addiction treatment. 

2 EEG Methodology and Alcoholism 

Over the last decade, there has been a rapid development of EEG study on the 
harmful effect of alcohol addiction to brain. EEG may be recorded with the 
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continuous electroencephalogram (EEG) or with the event-related brain potential 
(ERP) during cognitive and sensory tasks. The study of ERPs with new method of 
time frequency domain analysis, have revealed the phenomenon of event-related 
oscillation (ERO) which provide greater utility in understanding brain function than 
the traditional ERP. 

2.1 Electroencephalogram (EEG) 

Resting EEG is frequency-dependent, spontaneous and continuous neural activity 
during a restful or specific mental state. EEG signal can be decomposed into bands 
with different frequencies reflecting various types of brain activities, most commonly: 
delta (0-3.5 Hz), theta (4-7.5 Hz), alpha (8-12.5 Hz), beta (13-28.5 Hz) and gamma (> 
29 Hz). In several studies, fast bands like alpha, beta, and gamma could be divided 
into sub-bands [2-4].  

Many studies have shown higher tonic theta power in alcoholics than respective 
matched controls, and also in heavy drinkers compared to light drinkers and non-
alcohol subjects. The elevated theta reflects a deficiency in the information-
processing capacity of the central nervous system (CNS). By comparing 307 alcohol-
dependent (AD) subjects with 307 alcohol control (AC) subjects in eyes closed state, 
Rangaswamy [5] found the result of  an increase theta at all scalp loci, prominent at 
the central and parietal in male, and at the parietal in female. Moreover by using 
mental rehearsal tasks for testing frontal activities, Bruin et al [6] stated that heavy 
drinkers had more synchronization in the theta band than light drinkers during an 
eyes-closed condition. On the contrary, there are other studies reporting decreased 
slow bands activity (delta, theta) in their alcoholic patients [2], [4], [7]. Evaluating 
EEG relative power, Bauer [3] showed a slight increase in theta power in relapse-
prone and no different found in abstinent-prone compared with non-alcohol control 
subjects after 6 months monitoring. Some other studies also showed a significant 
decrease in theta power over frontal regions associated with cortical atrophy when 
compared detoxified patients with controls [4], [7] . These results and conclusions 
were not consistent with each other’s about the changes in theta power. However, the 
methodology and participant recruited criteria (alcoholics vs. detoxified patients) used 
by these studies are different. So it may be an indicator of the recovery of alcoholics. 
The relationship between theta power and the developing of alcoholism and, state-
related condition need more investigation. Anyway, changing in resting theta did not 
seem to be present in the offspring of alcoholics, which may indicate a state-
dependent condition.  

Alpha rhythm was also found different between abstainers (the ones who keep 
stopping alcohol consumption after receiving treatment) and relapsers (abstainers who 
fall into addicted in alcohol again). The alpha rhythm is the predominant EEG rhythm 
in the relaxed alert state. Decrease in alpha activity in alcoholics is indicative of a 
deficiency in retrieving information from memory, and in attention. It is obtained both 
with eyes-open and eyes-closed, especially in the eyes-closed condition over the 
occipital regions. Ehlers and Phillips [8-9] suggested that alcohol dependence was 
associated with lower spectral power in the alpha frequency range. However, in their 
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studies, low voltage alpha was recorded to be exited in both alcoholics and controls, 
and there was no significant different between controls and alcoholics. Winterer [2] 
and Bauer [3] also showed especially less frontocentral alpha activity in relapsers 
compared with abstainers. 

One of the robust and consistent resting EEG findings in alcoholism is the 
increased beta band activity in alcoholics and their high-risk offspring. Increased beta 
power in the EEG of alcoholics, particularly the increased fast beta (>20Hz) in the 
relapsers, has been well documented [2-4], [7], [10]. The increased beta power in the 
resting EEG may be an electrophysiological index of the imbalance in the excitation–
inhibition homeostasis in the cortex. The quantitative EEG (QEEG) and relapse 
classification studies of detoxified alcohol-dependent patients as compared with 
normal controls [2] showed good predict ability of beta band power with correct 
classification rates of 83-85% using multilayer perception neuronal network (NN) 
with one layer 2-20 neurons [2] and 74,3% using logistic regression [3]. However, 
Winterer’s study showed poor specificity with just 60-73% correct abstainers’ 
classification. In contrast, Bauer’s study showed improved specificity (85%) but poor 
sensitivity and (61%). Beta band predictive needs more studies and replications with 
different methods to improve its predictive rate, especially in medication treatment. 
The resting EEG beta power [11] also proved that it was more heritable and closer to 
gene action than clinical diagnosis (e.g. alcohol dependence). 

These findings indicate that resting EEG is very promising state biomarker for 
future studies that can help in alcohol addiction treatment by predicting relapse 
patients. 

2.2 Event-Related Potential (ERP) 

ERPs are time-locked voltage fluctuations in the brain in response to a sensory, 
motor, or cognitive event. They are extracted from a set of EEG trial epochs by means 
of filtering and signal averaging. Early components with latency less than 100ms 
reflect sensory processes and contain small amplitude, while later components with 
larger amplitude reflect higher cognitive computations.  

Most ERP studies in investigating the electrophysiological deficits in alcoholics 
and individuals at risk focused on the large positive P300 or P3 component that 
occurs between 300ms and 700ms after a ‘significant’ stimulus and is not related to 
its physical features. The lower amplitude of P3 components are related with the 
inefficient allocation of resources during neural processing and underlying CNS hyper 
excitability in alcoholics and individuals at risk. Many studies [12-16] showed that 
waveform of P3 to task-relevant target stimuli (P3b) are of significantly lower voltage 
and more delayed latency in abstinent alcoholics than in non-alcoholics, particularly 
over parietal regions. P3 deficit occurs in both visual and auditory tasks, but more 
consistent for visual tasks. Suresh [16] indicated that lower P3 amplitude presented 
under effect of alcohol in both genders for auditory oddball task, but more significant 
in male patients. Kamarajan [15] showed that alcoholics manifested low amplitude 
P3b components to not only target (Go) stimuli, but also to rare non-target (NoGo) 
stimuli, and there is less different between these two conditions in alcoholics. 
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Porjesz’s studies suggested that low P3 voltages might not be reversible, but precede 
alcoholism, or recover more slowly after long abstinent periods [17]. Porjesz and 
colleagues also noted that alcoholics who were members of Alcoholics Anonymous 
still manifest low P3 amplitudes after extremely prolonged abstinent (3-10 years). 
However, 63.9% of the participants were correctly classified by Li Wan et al. [18] 
using P3 as the first predictor in the discrimination function. The result indicated that 
there was different in P3b between relapsers and abstainers. Thus, the P3 amplitude 
can be taken as a marker of risk and provides excellent endophenotype for genetic 
studies.  

The P300 response can be divided into two subcomponents based on differing in 
task and subject-state correlates, latency, topography on the scalp and generating 
structure: P3a and P3b. P3a is recorded in response to novel non-target stimuli and 
has more frontal-central distribution with latency from 220-280ms. It is thought to 
reflect the initial signal evaluation. Posteriorly distributed P3b has a longer latency 
300-700ms and is evoked by the rare target stimuli. Marinkovic et al. [13] reported 
about the decrease of P3a following a low dose of alcohol. The study also indicated 
that alcohol had a greater reducing effect on P3a amplitude to unattended rare stimuli 
than to P3b with attended rare stimuli. The result suggested P3a as a potential 
screening tool for alcohol dependent. Anderson [19] examined P3a amplitude as a 
direct predictor of treatment success for substance dependence. By using discriminant 
function analysis, he confirmed that P3a amplitude was a robust predictor of treatment 
completion, and more sensitive than other measures including substance abuse 
severity. 

Stimulus processing is not a simple cognitive process of P300 but is composed of 
different stages with electrophysiological correlates; for example, perception level 
with P100 and N170, attention level with N200, and decision level with P300. The 
P300 is functionally linked to decisional processes and cognitive processing before 
activating the motor response, which is deficient in alcoholics. There are other ERP 
measures that can differentiate alcohol addictions from controls such as Mismatch 
negativity (MMN) and Brain-stem auditory-evoked potential (BAEP). Marco [20] 
reported about the deficit in P50 auditory sensory gating in abstinent chronic 
alcoholics. Curtin [21] indicated the relationship between alcohol and cognitive 
function from the reduced N450 and a more tonic, negative slow wave (NSW) 
associate with behavioral impairment resulted from failure in cognitive control 
function in alcohol consumption. More investigating about the early impairments in 
ERP signal may help to reveal the reason of deficit observed in cognitive processing 
of alcoholic patients. 

2.3 Event-Related Oscillation (ERO) 

For the classical approach to the study of ERP, ongoing EEG is treated as ‘noise’, in 
which the ERP signal is embedded. The ongoing oscillation is canceled out when 
extracting ERP by performing average, which results in the loss of critical 
information about variability upon single trials in neural activity. 
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New studies in time-frequency domain suggested that ERP represent the 
composition of electrical neural activities that evoked from multiple sources in the 
brain, and consist of superimposed event-related oscillation (ERO) of different 
spectral EEG bands that are related to sensory and cognitive processing. ERO can be 
divided into the same bands as spontaneous resting EEG, but with different reflection 
of brain function. Fast frequencies correspond to synchronization of groups of 
neurons in local areas, whereas slow frequencies are involved in larger distances 
synchronization.  

Several studies have demonstrated that P3 responses are primarily the outcome of 
theta and delta oscillations elicited during cognitive processing of stimuli [22-27]. 
Jones et al. [27] indicated that frontally focused theta band activity (4–5 Hz) and a 
posterior distributed delta band activity constitute the P300 ERP waveform. The theta 
component formed the N200 and the early part of the P300 wave, and the delta 
component formed the main part of the P300 wave. These delta and theta EROs were 
derived from several cognitive paradigms, including the oddball task, Go/NoGo task, 
and a gambling task, to study alcoholism and related clinical conditions. Evoked delta 
and theta power were found to be significantly decreased among alcoholics compared 
with control subjects when processing the target stimuli in a visual oddball [26], [28] 
and Go/NoGo paradigm [23-24]. Fein et al. [25] found that the long-term abstinent 
alcoholics (LTAAs) showed a significantly larger theta ERS to the target stimulus 
compared with the non-alcoholic controls (NACs). Fein et al. [28] continued showing 
that theta ERS was larger in both short-term abstinent alcoholics (STAA) and LTAA 
compared to controls. The magnitude of the enhancement in STAA was greater than 
in LTAA. The significant different between long term and short term abstinence may 
be the indicator of brain function recovery from alcohol consumption. Significantly 
lower evoked delta ERO power, total delta and theta ERO power in LTAA provide an 
alternative and comparable representation of the reduced P3b amplitude for assessing 
recovery progress or relapse prediction. About the inherited risk of abusing alcohol, 
Rangaswamy [29] founded the decrease of total theta power and total evoked delta 
power for visual targets in high risk alcoholism’s offspring. 

Rangaswamy [29] and Ajayan [30] highlighted the evoked gamma. The responding 
suppression of gamma band activity to target stimuli observed in the frontal region of 
alcoholics may be associated with cognitive processes [30]. Based on the early phase-
locked gamma oscillation during visual perception and the difference in gamma band 
energies,  Ramaswamy [31-32] proposed evoked gamma as a screening tool and 
confirmed with accuracy of 91.12% using multilayer perceptron NN. 

3 Discussion 

In clinical practice using EEG, there are few reports about early relapse detecting 
method for alcoholic addiction treatment. Resting EEGs and ERPs components have 
been studied for predicting patients with high risk of relapse but the accuracy is still 
not accurate enough for clinical practice. The new EEG phenomenon (evoked theta, 
evoked delta, induced theta ERS, gamma oscillation) of EROs may be candidate for 
assessing treatment progress.  



204 P.L. Vuong et al. 

 

Following the review, there is still no study about the association between a deficit 
in gamma band and the duration of abstinent and its ability for discriminating between 
relapsers and abstainers. 

Regarding the induce theta ERS, its differences between alcoholic and control 
groups have not been well defined [28]. Induced theta activity tends to increase with 
increased memory load and/or allocation of attention to task demands [33][30].  

From these problems we can hypothesize:  

1. The new sensitive and specific EEG biomarker will help increase treatment 
efficiency and to determine if drugs have a desirable effect much earlier. 
2. Induce theta promises a “state marker” by showing different between abstain-
prone and relapse-prone. 
3. Delineating induced theta ERS effects in alcoholics appears to be the nature and 
modality of the discrimination task. 
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