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Abstract 
Quantitative electroencephalography (QEEG) has been dramatically developed during recent years in cognitive 
neurosciences. It has shown significant potential in the diagnosis of cognitive neurological disorders as well as in 
the evaluation of treatment outcomes and response. Early diagnosis of depression, differential diagnosis, and 
assessing the treatment outcomes and response are currently the main research fields of QEEG in depression. 
Identifying reliable disorder-specific EEG-based biomarkers that have strong correlations with the depression 
specific cognitive functions is one of the major challenges in these fields. Such biomarkers not only allow early 
and cost-effective diagnosis of depression, but also may have differential diagnostic and predictive values for 
treatment response of a variety of treatments. This paper aims at a comprehensive review on the main principles 
of QEEG in developing biomarkers for MDD. The databases of PubMed (1985-2015), Web of Sciences 
(1985-2015), and Google Scholar (1980-2015) were searched using the set terms. The obtained results were 
screened for the title and abstract by two authors and they came to consensus whether the studies are related to 
the review. The main advantages of QEEG for mood disorders are also reviewed. In addition, different 
QEEG-based measures for objective diagnosis of MDD as well as for distinguishing depressed patients from 
healthy subjects are discussed.  

Keywords: major depressive disorder, depression, EEG biomarker index, QEEG, objective diagnosis, 
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1. Introduction 
Depression is among the most common psychiatric disorders worldwide, affected more than 350 million people 
(Lépine & Briley, 2011). Its symptoms include fatigue, boredom, sleeplessness, suicidal thoughts, suicide 
attempts, digestive problems, frustration, anger, loss of sexual desire, isolation, lack of concentration, and 
memory loss (Lépine, 2000; Marcus, Yasamy, van Ommeren, Chisholm, & Saxena, 2012). In addition to these 
symptoms, recent studies and functional imaging techniques have shown that different regions of the brain of 
depression patients undergo significant physiological and functional changes (Anderson et al., 2002; Koolschijn 
et al., 2009; Kwon, Youn, & Jung, 1996). These symptoms affect various physiological and psychological, 
personal, and social aspects of human life so that making the treatment of depressive disorders as one of the 
world's most expensive medical treatments (Ali & Mahmud, 2014; Health, 2010; Lépine & Briley, 2011; Von 
Korff et al., 1998). Effective pharmaceutical or alternative treatments such as electrical and magnetic 
stimulations for depression require early diagnosis of depression. On one hand, depressive disorders have 
different subcategories of disorders including bipolar, major, and seasonal depressions with similar clinical and 
behavioral symptoms, so that conventional psychometric questionnaires such as Beck depression inventory (BDI) 
and Hamilton Depression Rating Scale (HDRS) are not capable of a specific differential diagnosis (Beck, Steer, 
& Carbin, 1988). On the other hand, depression is also accompanied with other psychological and physiological 
disorders, which makes disease-specific and differential diagnosis of the depression against other psychological 
disorders difficult. Therefore, developing objective, sensitive, disease-specific, and differential diagnostic 
techniques are necessary for more efficient management of depressive disorders.  

Psychometric questionnaires and interviews with the patients are mostly used for diagnosis and classification of 
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depressive disorders (Beck et al., 1988; Health, 2010). These diagnostic techniques suffer different drawbacks 
which are associated with significant bias and inaccuracy. Subjective assessment, dependency of the tests' results 
to the mood of the patients, as well as to the interviewer or physician are some of these drawbacks (Goldberg, 
Bridges, Duncan-Jones, & Grayson, 1988; Snaith, Ahmed, Mehta, & Hamilton, 1971). In this regard, new 
objective techniques have been developed for diagnosis of depression. During recent years different anatomical, 
metabolic, and physiological based techniques have been developed for this purpose. These techniques have 
proposed different measures for objective and quantitative diagnosis of MDD. Quantitative EEG (QEEG) is a 
promising technique for objective, differential diagnosis, and treatment response assessment of psychiatric 
disorders such as depression (Arns & Gordon, 2014; Begić, Hotujac, & Jokić‐Begić, 2000; Begić et al., 2011). 

Currently, various studies are ongoing to find reliable new QEEG-based measures for objective and differential 
diagnosis of depression and for assessing treatment outcomes (Hunter, Muthén, Cook, & Leuchter, 2010). The 
present study reviews the main principles of QEEG, its clinical and research applications in depression including 
objective and differential diagnosis. In addition, the main QEEG based measures that have been reported as 
indicative of depressive disorders are reviewed.  

2. Method 
The databases of PubMed (1985-2015), Web of Sciences (1985-2015), and Google Scholar (1980-2015) were 
searched using the following keywords: "depression" or "major depressive disorder" and "EEG", "QEEG", 
"electroencephalogram", and "diagnosis". The obtained results were screened for the title and abstract by two 
authors and they came to consensus whether the studies are related to the review. Because of the immense body 
of literature in this field, this study was not aimed to provide a systematic review; but it provides a 
comprehensive and descriptive overview of principles of QEEG in developing biomarkers for MDD. In addition, 
the different QEEG-based measures for objective diagnosis of MDD as well as for distinguishing depressed 
patients from healthy subjects.    

3. Results 
3.1 QEEG and Depression Objective Diagnosis  

During recent years anatomical, metabolic, and physiological based techniques have proposed different measures 
for objective and quantitative diagnosis of MDD. Decreased cortical volumes in prefrontal brain areas such as 
the dorsolateral prefrontal cortex (DLPFC) or the subgenual gyrus (Bremner et al., 2002; Koolschijn et al., 2009), 
reduced hippocampal volume (Frodl et al., 2006), decreased orbitofrontal volume (Bremner et al., 2002; 
Koolschijn et al., 2009), altered connectivity and activity in frontal and anterior cingulate cortex (ACC) networks 
(Johansen-Berg et al., 2008), altered inflammatory cytokine and growth factor levels (Deschwanden et al., 2011; 
Miller, Maletic, & Raison, 2009; Raison, Capuron, & Miller, 2006) are some of these measures. However, these 
measures have not been entered into routine clinical prognostic applications. The main issues of these measures 
are low availability of the corresponding techniques in routine clinical setting, low specificity, low sensitivity, 
and inter-individual heterogeneity of the measures.  

EEG is a low-cost, non-invasive, and widely available technique with good temporal and spatial resolution. EEG 
provides a temporal resolution in a time scale of milliseconds, which is the time-frame at which neuronal activity, 
and especially cognition, takes place. EEG directly measures and presents the ongoing electric activity from the 
brain that makes this technique a valuable complementary brain imaging method (He, Lian, & Li, 2001; Teplan, 
2002). These features make EEG as one of the most reliable sources of biomarker research. 

EEG is currently used in different clinical settings for routine diagnostic purposes. Current evidence 
demonstrates high reliability and sensitivity of QEEG in diagnosing some psychological and neurophysiological 
disorders such as epileptic foci, depression, ADHD (Roemer, Shagass, Dubin, Jaffe, & Siegal, 1992; Sulg, 1984). 
QEEG in combination with neuro-modulation techniques, techniques involving electrical and magnetic 
stimulation to alter the neural activities, have been used for early diagnosis or prediction of disease status 
(Norouzi, Yadollahpour, Mirbagheri, Mazdeh, & Hosseini, 2016; YADOLLAHPOUR, 2014; 
YADOLLAHPOUR & JALILIFAR, 2014), modulating neurophysiological functions (Ali & Mahmud, 2014; 
ALI, MAHMUD, & SAMANEH, 2015), and developing brain-machine interface protocols (ALI & 
Abdolhossein, 2014). QEEG is a computational analysis of a conventional EEG wave to represent the neural 
activities in numeral format and various parameters like frequency and amplitudes (Roemer et al., 1992; Sulg, 
1984; Teplan, 2002). Using QEEG we can demonstrate the conventional EEG into electroencephalographic maps 
which are functional mapping of the brain. Various studies have been carried out to find the QEEG based 
measures that are depression-specific. Power, asymmetry, coherence, and cordance of EEG signals in different 
regions of the brain are some of these measures.  
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3.2 QEEG Measures Specific of Depression  

Upon the introduction of QEEG in the late 1980s, the American society of clinical EEG and QEEG committee 
indicated QEEG as a valuable diagnostic technique. Various surveys have indicated the efficacy of QEEG in 
clinical and basic research applications.  

The EEG is composed of synchronized synaptic and membrane potentials in the cerebral cortex which are 
recorded as continuous waves (EEG signals) made up of different frequencies and rhythms. The EEG of healthy 
adults in different behavioral conditions contains typical frequencies and amplitude features (Begić, Hotujac, & 
Jokić-Begić, 2001; Olbrich et al., 2012). Accordingly, the EEG of adults suffering a disease affecting the 
functions of central nervous system shows patterns different from healthy counterparts so that these patterns are 
specific to the disease.  

The EEG of adults in a waking state consists mainly of alpha waves in the 8 – 13 Hz frequency range and some 
beta waves in the 14 – 30 Hz frequency range, while there are few theta waves in the 4 – 7 Hz frequency range, 
and almost no visible delta waves in the 0.5 – 3 Hz frequency range. During drowsiness and sleep, the EEG of 
adults consists of more slow (low frequencies) waves.  

In depressed patients left DLPFC shows hypoactivation, characterized by relatively higher left alpha activity, 
while right DLPFC shows hyperactivation which is manifested by relatively lower right alpha activity. Recent 
studies have reported some QEEG-based measures as indicative of depression.Some of these measures are (1) 
The difference in theta power in the frontal areas, (2) left-to-right asymmetric index, (3) different powers of the 
alpha, and beta bands in frontal lobe in depressed patients are different with healthy peers. However, no 
relationship between depression severity and EEG asymmetry has been reported. In addition, absolute and 
relative power in the beta band appeared to differentiate depressed patients and healthy counterparts where 
patients show more beta power than healthy subjects. In addition, decreasing frontal alpha asymmetry has been 
reportedly as an index of recovering from depression. QEEG and LORETA (low-resolution electromagnetic 
tomography) have shown that alpha left-to-right asymmetries of the depressed patients are higher than the 
healthy subjects. These asymmetries have been observed for central, temporal, superior frontolateral and medial 
regions of two hemispheres. For example, the depressed patients have increased alpha current density in the left 
hemisphere compared to the right hemisphere (Allen, Urry, Hitt, & Coan, 2004; Deslandes et al., 2008; Gordon, 
Palmer, & Cooper, 2010; V. Knott, Mahoney, Kennedy, & Evans, 2001). These differences were because that in 
the healthy subjects a balance of the metabolic and physiologic functions between the left and right hemispheres 
exist which is manifested in inhibiting-facilitating circuits. This balance in depression is disturbed and depending 
on the region we observe left-to right asymmetries of the two hemispheres. However, some other studies have 
reported an increased source-current density of the right hemisphere in the delta, alpha, and beta frequency bands 
in depressed patients compared with healthy individuals (Carvalho et al., 2011; Ricardo-Garcell et al., 2009). 
Further studies are needed to shed more light on the exact relationship between the two hemispheric 
asymmetrical indexes of different EEG bands and the status and severity of MDDs. 

3.3 QEEG in Distinguishing Depressed from Healthy Subjects 

The onset of clinical manifestations of depression is usually at mild to severe stages of the disorder which make 
the conventional treatments difficult and even sometimes non-efficient (Lieber, 1988; Lieber & Prichep, 1988). 
For an efficient treatment, early and reliable diagnosis of MDDs is necessary. Currently, psychometric 
questionnaires are the gold standard techniques for diagnosis of MDDs. These tools evaluate the behavioral and 
cognition based criteria to diagnose the disease. However, developing MDDs, early stages of disease, are 
associated with neurophysiologic and metabolic alterations which are followed by cognitive alterations along 
with the development of the disease. Using appropriate techniques to measure such measures associated with 
early stages of the disease is a crucial step for developing a technique for early diagnosis of the disease. QEEG is 
such technique capable of measuring and quantifying neurophysiologic alterations (Lieber, 1988; Lieber & 
Prichep, 1988). In addition, various studies have shown therapeutic delay in antidepressant action of the most of 
antidepressant medications(Papakostas & Fava, 2008; Sackeim, Roose, & Burt, 2005). Furthermore, some of 
antidepressants have reportedly shown their therapeutic effects selectively or on the other hand some depressed 
patients show selective response to common antidepressants. Therefore, developing reliable measure for early 
diagnosis of depressive disorders or differential diagnosis of depressed patients from healthy individuals is of 
clinical importance.  

EEG data contain information about neural activities of different regions of brain at different frequencies. 
Several EEG-based measures have been proposed for distinguishing the MDD and healthy subjects such as 
QEEG, EEG source estimates, left/right hemispheric alpha, beta, and delta asymmetry EEG, non-linear and 
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linear coherence, EEG vigilance, EEG cordance, event related potentials, and sleep EEG.   

Time series analysis methods such as Fourier transformation can also be used to assess the EEG and to reliably 
separate different components such as the power of the main frequency bands: delta (1–3 Hz), theta (4–7 Hz), 
alpha (8–12 Hz), and beta (13–25 Hz). Increased EEG alpha activity during rest in depressed patients is one of 
the most consistent findings reported by recent studies. This increase was reported either in absolute alpha power 
or in relative power (Bruder et al., 2008; Debener et al., 2000; Gordon et al., 2010; Zoon et al., 2013). Increases 
were mainly located to parietal and frontal or occipital sites (Bruder et al., 2008; Debener et al., 2000; Deslandes 
et al., 2008). In a large sample size study, increased alpha as well as theta activities were reported in patients in 
early stages of depression (Grin-Yatsenko, Baas, Ponomarev, & Kropotov, 2010). However, some other studies 
have reported no alpha power differences between MDD patients and healthy controls (V. Knott et al., 2001). In 
addition, some studies have demonstrated decreased relative alpha activity in MDD patients compared with 
healthy counterparts (Pozzi, Golimstock, Petracchi, García, & Starkstein, 1995). These contradictory findings are 
likely because the MDD patients may have other disorders such as dementia or other psychiatric disorders 
including anxiety and stress. Accordingly, studies on this topic should subgroup MDD into different categories. 
Further studies have shown that patients with excess alpha generally show better respond to antidepressive 
treatments (Ulrich, Renfordt, Zeller, & Frick, 1984). On the other hand, post-intervention recordings of EEG 
have shown that antidepressants decrease alpha power in MDD patients (Itil, 1982) which support the important 
role of alpha rhythm in at least a subgroup of MDD patients.  

In addition to alpha power, several studies have highlighted increased slow wave activity as an indicator of MDD 
(Kwon et al., 1996; Lieber, 1988; Lieber & Prichep, 1988); Roemer et al., 1992). However, some studies on 
identification of QEEG-based measures as a treatment-response predictor in MDD have reported that excess 
theta activity is associated with non-response to antidepressant treatments (Bares et al., 2008; Iosifescu et al., 
2009; V. J. Knott, Telner, Lapierre, Browne, & Horn, 1996; Arns, Drinkenburg, Fitzgerald, & Kenemans, 2012). 
Among the fast frequencies, some studies have demonstrated that increased beta range activity is correlated with 
depression severity (Knott et al., 2001; Lieber, 1988; Lieber & Prichep, 1988). One of the main challenging 
issues in developing QEEG in objective and differential diagnosis of depressive disorders is limitations of 
comparisons between different topographic EEG studies due to different references or montages. To overcome 
this challenge, some approaches have been proposed such as LORETA which determines intracortical EEG 
sources (Jaworska, Blier, Fusee, & Knott, 2012; Korb, Cook, Hunter, & Leuchter, 2008; Mientus et al., 2002). 
This technique has been used to provide more robust and complementary measures for objective and differential 
diagnosis of MDDs (Mientus et al., 2002; Mulert, Juckel, Augustin, & Hegerl, 2002; Saletu, Anderer, & 
Saletu-Zyhlarz, 2010). For the future, non-linear time series analysis of EEG in combination with source density 
estimation techniques and neuro-imaging modalities can significantly develop the objective and differential 
diagnosis of MDDs. In addition, developing some techniques to identify those patients who either respond or do 
not respond the treatment has been always of scientific interest. In this regard, some studies have attempted to 
extract some biomarkers, extracted from EEG of patients, which are associated with responding or not 
responding to the treatment like transcranial magnetic stimulation and medications. Recent studies have reported 
that some EEG based indices can appropriately distinguish responders from non-responders before or soon after 
intervention administration (Arns et al., 2012; Cook & Leuchter, 2001; Funk & George, 2008; V. J. Knott et al., 
1996; Mulert et al., 2007). The early studies have shown promising potential of QEEG for treatment-response 
predicting which can significantly improve the treatment and management of the MDDs. 

4. Conclusions 
Present study overviewed the main principles of QEEG, its clinical and research applications in depression such 
as objective and differential diagnosis. Different QEEG based measures have been introduced for objective and 
early diagnosis MDDs, for differential diagnosis of depressed patients from healthy individuals, as well as for 
predicting response or non-response to antidepressant agents. Some of the main EEG extracted measures in these 
fields are EEG source estimates, left/right hemispheric alpha, beta, and delta asymmetry EEG, non-linear and 
linear coherence, EEG vigilance, EEG cordance, event related potentials, and sleep EEG. Non-linear time series 
analysis of EEG in combination with source density estimation techniques and neuro-imaging modalities can 
significantly develop the objective and differential diagnosis of MDDs. 
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