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ABSTRACT
Background: The aim of the study was to examine the characteristics of alpha wave peak 
frequency, power, and coherence in patients with schizophrenia.
Methods: Thirty-one patients with schizophrenia and age- and sex-matched subjects 
with no psychopathology were enrolled. All study participants underwent quantitative 
electroencephalography (QEEG). Alpha-related values, including peak frequency, power, and 
coherence, were evaluated.
Results: Alpha peak frequency on the Oz area was slower in the schizophrenia group 
than that in the control group. However, no differences in absolute or relative power were 
observed between the two groups. Significant reductions in absolute and relative coherence 
were observed at the C3–C4 and T3–T4 nodes in the patients with schizophrenia. Relative 
coherence was reduced at the P3–P4 nodes.
Conclusion: This study focused on alpha variables detected in QEEG as intrinsic values to 
distinguish schizophrenia from a healthy control. The results suggest decreased alpha peak 
frequency of the occipital lobe and decreased coherence between the two hemispheres in 
patients with schizophrenia. A further study could elucidate the causal relationship and 
biological meaning of the variations in alpha waves in patients with schizophrenia.

Keywords: Schizophrenia; Quantitative Electroencephalography; Alpha Peak Frequency; 
Alpha Coherence

INTRODUCTION

Electroencephalography (EEG) is a physiological test that monitors and records electrical 
activity of the brain. EEG abnormalities have been suggested to occur in patients with 
psychiatric disorders.1,2 The emergence of quantitative electroencephalography (QEEG) has 
enabled researchers to extract a multitude of variables that can be quantitatively measured1,3; 
thus, more objective studies on EEG profiles related to psychiatric disorders have become 
possible. The relevant variables include power, frequency, and coherence between two 
arbitrary electrodes.
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Alpha waves originate from the occipital lobe when a person is awake with his eyes closed. 
In general, alpha waves have the largest absolute power among the brain waves and can be 
easily recognized by the naked eye. Furthermore, individual differences are readily apparent 
in alpha waves. However, few studies have investigated the meaning of differences in alpha 
waves among individuals. In recent studies, researchers reported that alpha waves may have 
an important role in the mechanisms of attention and consciousness.4 A close functional 
relationship has been reported between thalamic activity and alpha rhythm in humans 
mediated by corticothalamic loops, which are independent of sensory afferents, supporting 
the thalamus as the generator and modulator of EEG alpha rhythm.5 Several studies have 
reported thalamic abnormalities in patients with schizophrenia. For example, a meta-
analysis performed by Konick and Friedman6 showed a significant reduction in thalamic size 
in patients with schizophrenia; postmortem and in vivo imaging studies indicated metabolic 
changes, including changes in the neurochemical substrate, in the thalamus of patients 
with schizophrenia.7 Andreasen et al.8 developed a model of schizophrenia that defined 
dysfunction in the cortical-thalamic-cerebellar-cortical circuit. Therefore, it can be assumed 
that there may be some changes in the alpha rhythm in patients with schizophrenia and 
related disorders, reflecting the thalamic pathology.

In this research, we investigated the association between alpha wave activity, including peak 
frequency, power, and coherence, and schizophrenia. The hypothesis of the study was that 
patients with schizophrenia would show a significantly different alpha wave profile on a 
QEEG compared with age- and sex-matched controls, indicating dysfunction in brain activity.

METHODS

Subjects
Among the patients who were diagnosed with schizophrenia in the psychiatry department 
of Seoul National University Hospital, 31 patients who underwent QEEG from January 2013 
to August 2016 were recruited for this study. Those with comorbid medical or neurological 
disorders that could affect the electrophysiological results were excluded.

Subjects free of any psychiatric or neurological disorders that could affect the EEG results 
were recruited through advertising and referrals as the control group. The control group was 
age- and sex-matched to the patient group, and they underwent QEEG in January 2013.

To verify the longitudinal stability of the QEEG profile, data of additional 10 patients on 
medication with major depressive disorder, schizophrenia, or post-traumatic stress disorder, 
who underwent QEEG twice from 2013 to 2016, were used in a preliminary analysis.

QEEG data
All QEEG tests were conducted and recorded by one skilled electroencephalographic 
technician using SynAmps2 (Compumedics, Abbotsford, VIC, Australia) and the Neuroscan 
system (Scan 4.3; Compumedics) in the QEEG room at Seoul National University Hospital. 
The participants were seated on a comfortable single sofa located in an isolated sound-
shielded room, in a stable state with their eyes closed. The EEG recording lasted about 20 
minutes. A total of 21 electrodes, including 2 electrooculography electrodes to trace eye 
movements, were placed on the scalp, based on the international 10–20 system (FP1, FP2, F7, 
F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4, T6, O1, Oz, and O2).
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Electrode impedance was < 5 kΩ, and reference electrodes were attached to the mastoids. 
Data were acquired at a frequency of 500 Hz and band-pass filtered at 0.1–60 Hz. The 
recorded QEEG data were analyzed using Neuroguide software (NG 2.7.8; Applied 
Neuroscience, St. Petersburg, FL, USA). The recorded signals were visually inspected to 
eliminate signals disturbed by eye movements or other artifacts, and epochs of 90 seconds 
were selected for spectral analysis.

Statistical analysis
The Wilcoxon signed-rank test was used to verify the effect of use of psychotropic medication 
on QEEG results in the preliminary analysis. For the main analysis, Student's t-test was 
used to detect differences in QEEG alpha peak frequency, power, and coherence between 
patients with schizophrenia and the matched control group participants. All analyses were 
performed using SPSS ver. 21 for Windows (SPSS Inc., Chicago, IL, USA). A P value < 0.05 
was considered significant.

Ethics statement
This study protocol was approved by the Institutional Review Board, Seoul National University 
Hospital (H-1611-029-805). Written informed consent was obtained from all study subjects.

RESULTS

Effect of medication on the QEEG profile
A preliminary analysis was performed using the data of patients who took the QEEG twice 
to verify longitudinal stability of the QEEG profile, and the results are presented in Table 
1. Ten participants were composed of four males and six females (mean age, 42.5 years; 
standard deviation [SD], 10.63 years). The mean time interval between the QEEG analysis 
of the patients was 289 days (SD, 287.68 days). Between the first and second QEEG tests, 
participants could change the dose of antipsychotics (amisulpride, aripiprazole, clozapine, 
paliperidone, and quetiapine) and antidepressants (escitalopram, fluoxetine, paroxetine, and 
venlafaxine). A Wilcoxon signed-rank test showed no significant differences between the two 
recordings for all alpha-related variables used in the current analysis. Therefore, in this study, 
the alpha-related parameters were regarded as independent of time and medication use, and 
they were not considered confounders.
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Table 1. Change of the alpha-related parameters according to time and medication use
Parameters Test 1 (n = 10) Test 2 (n = 10) P value
Peak frequency, Oz 9.75 ± 0.36 9.87 ± 0.30 0.514
Absolute power, Oz 161.28 ± 171.41 136.87 ± 121.16 0.260
Relative power, Oz 64.92 ± 13.40 66.28 ± 12.07 0.767
Coherence O–F 21.18 ± 20.50 22.33 ± 19.84 0.575

O–C 37.78 ± 24.51 39.28 ± 20.83 0.678
C3–C4 71.20 ± 9.01 73.36 ± 10.07 0.515
T3–T4 18.72 ± 16.56 20.01 ± 19.03 0.569
T5–T6 24.33 ± 14.68 22.87 ± 15.34 0.412
P3–P4 68.12 ± 15.16 64.21 ± 15.97 0.305

Coherence (z) C3–C4 0.90 ± 0.46 1.07 ± 0.48 0.374
T3–T4 0.95 ± 1.23 1.49 ± 1.98 0.313
T5–T6 0.54 ± 1.01 0.45 ± 1.33 0.485
P3–P4 0.95 ± 1.16 1.17 ± 0.64 0.405

Values are presented as mean ± standard deviation.
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Demographic data
Table 2 shows the demographic data of the schizophrenia and age- and sex-matched 
control groups. Thirty-one patients (15 males and 16 females; age, 23–44 years) diagnosed 
with schizophrenia were involved in the study. The average time from the diagnosis of 
schizophrenia to performance of the QEEG was 5.39 months, and three of the participants 
were using clozapine at the time of the test. The mean age of the age- and sex-matched 
control participants was 32.96 years.

Analysis of the QEEG alpha variables
Peak frequency, absolute and relative power of alpha wave on Oz area, and absolute and 
relative coherence of the alpha waves between each two nodes were compared and analyzed 
(Table 3). The patient group had significantly lower peak alpha wave frequency at the Oz scalp 
site compared with the control group (mean ± SD, 9.87 ± 0.53 vs. 10.14 ± 0.42, P = 0.026). 
However, absolute and relative powers of the alpha wave at Oz were not different between the 
two groups.

Fig. 1 shows the differences in alpha coherence between the schizophrenia group and the 
control group in absolute and relative values. The coherence values of alpha activity between 
the occipital pole and frontal pole, and the occipital pole and central pole were not different 
between the schizophrenia and control groups. The schizophrenia group showed lower alpha 
coherence between the C3 and C4 poles in both the absolute (68.19 ± 16.81 vs. 79.26 ± 15.45, 
P = 0.009) and relative (0.69 ± 0.82 vs. 3.32 ± 0.73, P < 0.001) coherence values compared 
with the control group. This trend was also true for coherence between the T3 and T4 poles 
(absolute coherence, 16.75 ± 17.86 vs. 35.68 ± 21.07, P < 0.001; relative coherence, 0.89 ± 
1.65 vs. 2.99 ± 1.89, P < 0.001). The absolute coherence value between the T5 and T6 poles 
was significantly higher in the schizophrenia group than that in the control group (25.77 ± 
15.68 vs. 15.78 ± 14.64, P = 0.012), but relative coherence was not different. Only the relative 
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Table 2. Demographic characteristics of the study participants
Parameters Schizophrenia group (n = 31) Control group (n = 31) P value
Age 33.07 ± 5.88 32.96 ± 5.88 0.940
Gender (male) 15 (48.39) 15 (48.39) -
Test time from onset, mon 5.39 ± 4.70 - -
Clozapine use 3 (9.68) - -
Values are presented as mean ± standard deviation or number (%).

Table 3. QEEG findings related to alpha wave of the study participants
Parameters Schizophrenia group (n = 31) Control group (n = 31) P valuea

Peak frequency, Oz 9.87 ± 0.53 10.14 ± 0.42 0.026
Absolute power, Oz 91.30 ± 71.41 82.91 ± 57.50 0.612
Relative power, Oz 54.15 ± 17.54 59.64 ± 14.91 0.190
Coherence O–F 19.40 ± 13.13 18.71 ± 16.06 0.853

O–C 30.14 ± 18.27 22.72 ± 19.46 0.127
C3–C4 68.19 ± 16.81 79.26 ± 15.45 0.009
T3–T4 16.75 ± 17.86 35.68 ± 21.07 < 0.001
T5–T6 25.77 ± 15.68 15.78 ± 14.64 0.012
P3–P4 69.45 ± 12.05 69.02 ± 15.97 0.905

Coherence (z) C3–C4 0.69 ± 0.82 3.32 ± 0.73 < 0.001
T3–T4 0.89 ± 1.65 2.99 ± 1.89 < 0.001
T5–T6 0.53 ± 1.19 0.55 ± 1.01 0.958
P3–P4 0.50 ± 0.96 1.67 ± 0.64 < 0.001

Values are presented as mean ± standard deviation.
QEEG = quantitative electroencephalography.
aSignificant findings at a level of P < 0.05 are in bold.
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coherence value was significantly lower between the P3 and P4 poles in schizophrenia group 
than that in the control group (0.50 ± 0.96 vs. 1.67 ± 0.64, P < 0.001); however, no difference 
in the absolute value was observed between the two groups.

DISCUSSION

This study focused on the EEG alpha rhythm as an intrinsic value of each individual, and 
validated the difference in alpha-related values, including power, coherence, and frequency 
between a schizophrenia group and an age- and sex-matched control group. The analysis 
showed that peak frequency of the alpha wave at the Oz area was significantly lower in the 
schizophrenia group, and the absolute and relative interhemispheric coherence values were 
also lower in patients with schizophrenia than those in the control group. Considering that 
the relative coherence value is more valid because it evaluates normalized data, relative 
coherence was lower in the patient group generally in the central area, including the C3, T3, 
and P3 nodes.

Superior memory performance is related to higher alpha frequency.9 Moreover, significantly 
lower peak alpha frequency is observed in individuals with traumatic brain injury,10 as well 
as in older subjects.11 Our results are consistent with previous analogue EEG findings12; we 
assumed that patients with conditions involving cognitive decline show lower peak alpha 
frequency compared to a control group. Peak alpha frequency in EEG is associated with 
memory performance and cognitive function13; as such, a decrease in peak alpha frequency 
in schizophrenia patients indicates cognitive impairment. The causal relationship could be 
validated with further longitudinal studies.

Previous studies that analyzed coherence of EEG in patients with schizophrenia focused 
on changes associated with cognitive activities or psychiatric symptoms of patients. For 
example, Ford et al.14 identified reduced coherence between the frontal and temporal lobes 
while talking in patients with schizophrenia; changes in alpha coherence according to 
negative symptoms15 or auditory hallucinations16 were also reported. In the present study, 
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Fig. 1. Differences in alpha coherence between the schizophrenia group and the control group. Dashed lines 
indicate a decrease in alpha coherence in the schizophrenia group, and straight lines indicate an increase. (A) 
The absolute values showed significant decrease between the C3–C4 poles, T3–T4 poles, and increase between 
the T5–T6 poles. (B) The relative values showed significant decrease between the C3–C4 poles, T3–T4 poles, and 
P3–P4 poles.

https://jkms.org


alpha variables were intrinsic to each individual and were significantly different between the 
two study groups. Alpha EEG coherence implicates brain functional states and cognitive 
arousal level17,18; however, the exact meaning of alpha coherence in brain electrophysical 
activity remains unknown. One important assumption is that thalamic dysfunction and 
volume reduction in schizophrenia could be associated with both a change in alpha waves 
and the symptoms of perception, thinking, and feeling.19,20 A connection deficiency 
between the left and right hemisphere could be another explanation considering the study 
results, as schizophrenia has often been conceived as a disorder of connectivity of brain 
networks.21,22 Consistent reports have found connection abnormalities in the anterior 
temporal region, including the planum temporale in patients with schizophrenia, suggesting 
that schizophrenia is a misconnection syndrome.23-25 Alpha waves can be easily distinguished 
with the naked eye and digital analysis is accessible. Therefore, if the relationship with 
clinical features and the mechanism of the alpha wave are investigated further, it could be a 
useful clinical marker related to the schizophrenia.

Some limitations of this study should be discussed. First, medication was not controlled. 
According to the previous studies, psychotropic medications, such as antipsychotics can 
affect alpha activity on QEEG.26,27 However, the results of the medication effect on QEEG 
are rather inconsistent.28 Also, only a few participants were taking clozapine in this study, 
which is known to affect the QEEG profile.29 Furthermore, when additional analyses were 
performed after excluding the patients who were taking clozapine, the significance of the 
results did not change. The second limitation is that the patient group was categorized 
only by the schizophrenia diagnosis, and their symptoms or duration of illness were not 
considered. Therefore, it is possible that the patient group was rather heterogeneous. Finally, 
this was a cross-sectional study, so causal relationships between QEEG abnormalities and the 
disease could not be assessed.

In conclusion, alpha activity of the peak frequency in the occipital area and the coherence 
between the two hemispheres are intrinsic values in subjects, and a low peak frequency value 
and reduced absolute and relative coherence values are characteristics of the QEEG profile in 
patients with schizophrenia. The results indicate that the thalamic abnormality, represented 
by the change of alpha coherence and frequency, could be one of the main pathophysiology 
of schizophrenia. Further large sample studies and an evaluation of biophysiological 
mechanisms would help elucidate the pathophysiology of schizophrenia and related 
disorders with regard to brain electric activity.
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