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overconfidence in their interpretations of their experiences.12 
Based on those different interpretations and scales, one might 
conclude that there are more than one types of insight and a cor-
rect measurement of insight requires a correct definition of the 
problem and what is intended to be measured.

A biological correlate or biomarker of insight would not 
only eliminate the confusion due to multiple definitions of 
insight but also eliminate inaccuracies that can arise due to the 
use of self-report questionnaires. In other words, asking some-
one to evaluate the accuracy of his or her own self-evaluation 
is quite paradoxical. Despite this paradox, to the best of our 
knowledge few data on biological correlates of insight are 
available.13-15 As such, it was hypothesized that one of the most 
reliable, replicable, easy to apply, noninvasive, and inexpen-
sive tools for identifying a biomarker of insight could be quali-
tative electroencephalography (qEEG).

The present study we aimed to identify a qEEG marker for 
insight in schizophrenia patients. The study was based on the 
hypothesis that beta-gamma power might be correlated with the 
level of insight, as insight is generally considered a neurocogni-
tive problem and the beta-gamma band, which includes frequen-
cies >12 Hz, is strongly associated with cognitive processes. For 
instance, several studies showed that gamma oscillations are 
related to numerous cognitive functions, including sensory inte-
gration, attention, and memory.16-20 In addition, alterations in 
gamma oscillation were observed in patients with neuropsychi-
atric disorders that are highly associated with cognitive decline. 
For instance, Alzheimer’s patients show a loss of gamma oscilla-
tions compared with healthy controls21,22 and schizophrenia is 
associated with low evoked gamma activity,17 although resting 
gamma activity in the left parieto-temporal lobe was higher in 
patients with schizophrenia than in controls.23 Interestingly, ele-
vated gamma activity is also linked to social problems in mice.16 
These data suggest that resting gamma activity might be a bio-
marker for neurocognitive problems such as insight. Although 
fewer in number than gamma band studies, some studies reported 
impaired beta synchronization in schizophrenia patients. For 
instance, schizophrenia patients exhibit decreased beta activity 
during perception and working memory,24-26 and reduced phase 
synchrony in the beta band.27

Materials and Methods

Participants

This retrospective study included 23 patients diagnosed as 
schizophrenia that were identified in our outpatient clinic data-
base. The diagnosis was based on Diagnostic and Statistical 
Manual of Mental Disorders, fourth edition (DSM-IV) criteria 
and all patients were of paranoid type. A magnetic resonance 
imaging (MRI) was performed to rule out other brain disease 
for all patients. Mean age of the 23 schizophrenia patients (20 
male and 3 female) was 39 years (range: 18-66 years). Seven 
participants were university graduates, 16 received high school 
education, and the rest received only primary school education. 
Duration of illness was at least 6 months, 11 of them were 

hospitalized previously. All patients were medication free for at 
least 3 weeks at the time of qEEG acquisition. All patients were 
previously medicated with at least 1 antipsychotic. The level of 
insight was measured using the Schedule for Assessing the 
Three Components of Insight.6 In addition, patients were 
administered the Scales for the Assessment of Negative (SANS) 
and Positive (SAPS) Symptoms.28,29 The study protocol was 
approved by the Uskudar University Ethics Committee.

We also obtained resting EEG from 11 individuals without a 
history of neuropsychological disorder as control group (mean 
age = 37.5 years, range = 18-55 years, 5 males).

qEEG

All qEEG data were recorded in a quiet, dimly lit room. 
Patients sat calmly with eyes closed during the recording 
time of 3 minutes. In all, 19 electrodes were placed on the 
scalp, based on the international 10-20 system. Linked mas-
toid electrodes (A1-A2) were used for reference during 
acquisition. The data sampling rate was 500 Hz, and the 
acquired signals were band-pass filtered at 0.15-70 Hz and 
notch filtered at 50 Hz. Data artifacts were eliminated manu-
ally off-line for each patient. Data were averaged across the 
recording epochs for each electrode, and the absolute power 
(percentage of total power) was computed for the gamma 
band (30-50 Hz) and beta band (12-25 Hz).

Neuroguide Deluxe v.2.5.1 (Applied Neuroscience, Largo, FL) 
software was used for qEEG analysis. First, gamma and beta pow-
ers were calculated for the 11 electrodes (F3, F4, Fz, P3, P4, Pz, 
C3, C4, Cz, T3, and T4), which correspond to the central regions 
of frontal, temporal, central, and parietal brain regions and found 
to be artifact free after examining EEG files across patients. The 
correlation between beta-gamma power, insight score and Positive 
and Negative Syndrome Scales was calculated using nonparamet-
ric correlation analysis in SPSS. Then, the resulting P values were 
adjusted using the Benjamini-Hochberg method.

Results

qEEG gamma power at Cz, F3, and C3 electrodes and beta 
power at F3 and C3 were significantly correlated to insight 
score (see Table 1). The patients that had higher beta-gamma 
power at these locations had lower insight scores; this negative 
correlation is depicted in the Figure 1. The correlation between 
positive and negative symptoms, and beta-gamma power did 
not reach the level of significance (all correlation coefficients 
<0.22 and P values >.15). These findings indicated that the cor-
relation between beta-gamma power and insight was not medi-
ated by disease severity.

We subsequently checked if the schizophrenia group dif-
fered significantly from the control group on the 6 electrode-
band pairs that we found a correlation between absolute 
gamma/beta power and insight. The analysis showed that there 
was significant between group difference for gamma power in 
C3 (P = .003), and the difference approached significance for 
gamma power in Cz (P = .06) and beta power in F3 (P = .007). 
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The controls had lower absolute gamma or beta powers as com-
pared with patients with schizophrenia (Table 2).

Discussion

The present findings show that schizophrenia patients with 
higher beta-gamma power had a lower level of insight. 
Interestingly, beta-gamma power was not associated with the 
severity of illness (SANS and SAPS scores), but only with 
insight. To the best our knowledge the present study is the first 
to report a correlation between an electrophysiological mea-
sure and insight. The present findings have 2 major implica-
tions. First, the findings imply that qEEG could be used as an 
index of insight. Instead of self-report insight questionnaires, 
qEEG could be used to provide an objective measure of 
insight. qEEG is a noninvasive, time-efficient method widely 
used as an aide in the differential diagnosis of some psychiat-
ric disorders, including depression and attention-deficit/

hyperactivity disorder (ADHD).30-32 Moreover, the present 
findings show that qEEG can also be used to identify subtypes 
of clinical disorders with different insight levels. Additional 
research will be required to further delineate the prognostic 
differences between high gamma and low gamma subtypes in 
schizophrenia.

The second major implication of the present study’s find-
ings is that beta-gamma activity is correlated to insight; 
however, identifying the cause for this correlation will 
require additional research. In general, gamma oscillations 
were found to be decreased in schizophrenia; however, 
symptoms are generally associated with an increase in 
gamma activity. For instance, Lee et al33 reported that reality 
distortion and disorganization are associated with increased 
gamma activity in right hemisphere (see also Uhlhaas and 
Singer,34 for a review). These mixed results could be 
explained in 2 ways: (a) Although gamma activity is gener-
ally decreased in schizophrenia locally increased gamma 

Table 1.  Nonparametric Correlations Between Resting Beta and Gamma Absolute Power, and Insight Scale Score.

F3 F4 Fz C3 C4 Cz P3 P4 Pz T3 T4

Gamma
  Correlation −0.38 −0.26 −0.35 −0.40 −0.25 −0.46 −0.34 −0.16 −0.27 −0.18 0.09
  P .01* .08 .02 .01* .11 .003* .03 .3 .08 .24 .56
Beta
  Correlation −0.42 −0.26 −0.34 −0.42 −0.28 −0.37 −0.33 −0.13 −0.21 −0.09 0.13
  P .006* .1 .03 .006* .07 .02 .03 .39 .18 .56 .39

Corr: Correlation coefficient (Kendall’s tau). “*” represents significance according to the Benjamini-Hochberg procedure.

Figure 1.  Scatterplots for the correlation between insight scale score and gamma absolute power (correlations were calculated 
nonparametrically).
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activity may be responsible for reality distortion and lack of 
insight. Focal increases in high frequency oscillations was 
also proposed as mechanism that could produce other posi-
tive symptoms such as hallucinations.34 Such local increased 
have been previously linked to decreased GABAergic inter-
neuron activity, which is required for gamma oscilla-
tions.33,35 (b) It is possible that schizophrenia patients with 
increased beta-gamma oscillations represent a distinct sub-
type of disease with a unique cognitive profile characterized 
by disturbed cognitive processes. On the other hand, use of 
the Schedule for Assessing the Three Components of Insight 
in the present study did not differentiate between cognitive 
and non-cognitive aspects of insight, which could be consid-
ered a limitation of the study; therefore, the differential rela-
tionship between insight subtypes and gamma power should 
be studied further.

The present study has 2 more primary limitations. The 
patient group was small and as such, the generalizability of 
the present findings need to be confirmed via additional larger 
scale studies. Another limitation is the retrospective design; 
longitudinal studies could help determine if gamma power is 
an important prognostic indicator in schizophrenia patients. 
Although insight is a complex neuropsychological concept 
that is difficult to measure and quantify, the present findings 
indicate that if confirmed by future studies, beta and gamma 
power might be useful as a neuro-biomarker for insight. 
Because of the limitations discussed above, additional 
research is warranted to further clarify whether or not qEEG 
beta-gamma power could be used to measure insight.
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