
From a scientific perspective, addiction is an example of motivation taking a maladaptive direction, in many cases
leading to altered functional connectivity in the brain [1]. In this context, electroencephalography (EEG) has been
widely used to non-invasively investigate the neural correlates of addictive behaviors, and recent research has
provided a number of biomarkers of altered brain activity, which hold promise in both the diagnosis and treatment
of addiction disorders.

For example, EEG-based methods have been proposed in the investigation of the disruptive effects of alcohol
abuse such as neurochemical imbalances [2], deficiency in attention [3], new information processing deficits [4]),
and impaired information retrieval from memory and attention [3]. Other research suggests that EEG can provide
objective measures of medication effects on structural and functional recovery [5] or even identify individuals
with the highest risk for relapse [6, 7].  

Evidence for altered EEG has also been widely reported in drug users. For example, in crack cocaine-dependent
subjects examined during the withdrawal state, quantitative EEG (QEEG) revealed widespread delta activity
deficits [8] and increased alpha activity in the anterior region of the scalp, which have been proposed to be linked
to altered dopaminergic transmission in the brain [9]. Altered interhemispheric hypercoherence in fast activity,
between occipital regions and between frontopolar regions were also found. Moreover, activity asymmetries in all
frequency bands, were found in this population, with left greater than right magnitude at posterior regions and right
greater than left magnitude at frontal regions [9]. 
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Hypercoherence (increased synchronicity) in the fast-frequency EEG bands have been found in subjects with
internet gaming disorder (IGD) and it has been suggested that hypercoherence in this population may reflect a
state of hyperarousal within the visual system [15]. Individuals with IGD spend significant amounts of time
playing videogames, which has been proposed to induce a restless state, even after playing sessions, during a
resting state with the eyes closed. 

Interestingly several studies have demonstrated that the Brain-derived neurotrophic factor (BDNF) is elevated in
patients with pathological gambling [16-18]. More specifically, it has been suggested that the increased BDNF in
pathological gamblers is related to changes in dopaminergic transmission in the ventral tegmental area and nucleus
accumbens, two key components of the reward system [19, 20]. 

Positive correlations between serum BDNF level, the severity of pathological gambling and beta band activity in
the frontal and central regions have also been observed. Interestingly, the positive correlation between beta band
activity and the severity of the disorder may be associated with hyperexcitability and increased cravings [15]. 

These findings suggest a link between objectively measured markers of a specific neurophysiological state and
behavioural manifestations in gambling disorder, and may be key in establishing evidence-based clinical
assessments/interventions. 

Conclusions

In individuals with addiction, EEG anomalies have been widely demonstrated suggesting that EEG methods can be
highly valuable for the screening of altered brain activity and related neurochemical imbalances in this population.

This suggests that EEG mapping should be routinely used to selectively detect non-normative brain activity, devise
ad hoc interventions, and regularly monitor treatment response.

 

In terms of behavioral addictions, there is EEG evidence for
abnormal connectivity in the brain of individuals with
compulsive buying behavior [10] or internet addiction [11].
Studies investigating frequency changes (typically decreased
beta and increased gamma) in behavioural addiction suggest a
link between increased impulsivity and imbalances of
dopaminergic transmission, GABAergic disinhibition,
excitatory activation, and cravings [12]. These EEG frequency
changes have also been proposed to underpin a link between
learning processes and impulsivity [13]. More specifically, it
has been proposed that inhibition and punishment-related
learning in individuals with greater impulsivity may be
associated with increased risk-taking behavior [14]. 



Solinas, M., et al., Dopamine and addiction: what have we learned from 40 years of research. J Neural Transm
(Vienna), 2019. 126(4): p. 481-516.
Rangaswamy, M., et al., Beta power in the EEG of alcoholics. Biol Psychiatry, 2002. 52(8): p. 831-42.
Saletu-Zyhlarz, G.M., et al., Differences in brain function between relapsing and abstaining alcohol-dependent
patients, evaluated by EEG mapping. Alcohol Alcohol, 2004. 39(3): p. 233-40.
Klimesch, W., EEG alpha and theta oscillations reflect cognitive and memory performance: a review and
analysis. Brain Res Brain Res Rev, 1999. 29(2-3): p. 169-95.
Parvaz, M.A., et al., Neuroimaging for drug addiction and related behaviors. Rev Neurosci, 2011. 22(6): p.
609-24.
Bauer, L.O., Predicting relapse to alcohol and drug abuse via quantitative electroencephalography.
Neuropsychopharmacology, 2001. 25(3): p. 332-40.
Winterer, G., et al., Quantitative EEG (QEEG) predicts relapse in patients with chronic alcoholism and points
to a frontally pronounced cerebral disturbance. Psychiatry Res, 1998. 78(1-2): p. 101-13.
Alper, K.R., et al., Quantitative EEG correlates of crack cocaine dependence. Psychiatry Res, 1990. 35(2): p.
95-105.
Prichep, L.S., et al., Quantitative electroencephalographic characteristics of crack cocaine dependence. Biol
Psychiatry, 1996. 40(10): p. 986-93.
Lawrence, L.M., J. Ciorciari, and M. Kyrios, Cognitive processes associated with compulsive buying
behaviours and related EEG coherence. Psychiatry Res, 2014. 221(1): p. 97-103.
Kwan Y. and C. S.W., Psychophysiological Characteristics of teenage internet addiction: A resting state qEEG
study. Journal of Health Psychology, 2015. 20: p. 893–912.
Buzsaki, G. and X.J. Wang, Mechanisms of gamma oscillations. Annu Rev Neurosci, 2012. 35: p. 203-25.
De Pascalis, V., V. Varriale, and M. Rotonda, EEG oscillatory activity associated to monetary gain and loss
signals in a learning task: effects of attentional impulsivity and learning ability. Int J Psychophysiol, 2012.
85(1): p. 68-78.
Isles, A.R., C.A. Winstanley, and T. Humby, Risk taking and impulsive behaviour: fundamental discoveries,
theoretical perspectives and clinical implications. Philos Trans R Soc Lond B Biol Sci, 2019. 374(1766): p.
20180128.
Crick, F. and C. Koch, Some reflections on visual awareness. Cold Spring Harb Symp Quant Biol, 1990. 55:
p. 953-62.
Angelucci, F., et al., Enhanced BDNF serum levels in patients with severe pathological gambling. Addict Biol,
2013. 18(4): p. 749-51.
Choi, J.S., et al., Resting-state beta and gamma activity in Internet addiction. Int J Psychophysiol, 2013. 89(3):
p. 328-33.
Geisel, O., et al., Hypothalamic-pituitary-adrenal axis activity in patients with pathological gambling and
internet use disorder. Psychiatry Res, 2015. 226(1): p. 97-102.
Geisel, O., et al., Altered serum levels of brain-derived neurotrophic factor in patients with pathological
gambling. Eur Addict Res, 2012. 18(6): p. 297-301.
Pu, L., Q.S. Liu, and M.M. Poo, BDNF-dependent synaptic sensitization in midbrain dopamine neurons after
cocaine withdrawal. Nat Neurosci, 2006. 9(5): p. 605-7.

References

1.

2.
3.

4.

5.

6.

7.

8.

9.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.


