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Objective: Early diagnosis of type I and type II bipolar mood disorder is 

very challenging particularly in adolescence. Hence, we aimed to 
investigate the cerebral cortex function in these patients, using 
quantitative electroencephalography analysis to obtain significant 
differences between them. 
Methods: Thirty- eight adolescents (18 patients with bipolar disorder I 

and 20 with BMD II) participated in this study. We recorded the 
electroencephalogram signals based on 10-20 international system by 21 
electrodes in eyes open and eyes closed condition resting conditions. 
Forty seconds segments were selected from each recorded signals with 
minimal noise and artifacts. Periodogram Welch was used to estimate 
power spectrum density from each segment. Analysis was performed in 
five frequency bands (delta, theta, alpha, beta and gamma), and we 
assessed power, mean, entropy, variance and skewness of the 
spectrums, as well as mean of the thresholded spectrum and thresholded 
spectrogram. We only used focal montage for comparison. Eventually, 
data were analyzed by independent Mann-Whitney test and independent t 
test. 
Results: We observed significant differences in some brain regions and 

in all frequency bands. There were significant differences in prefrontal 
lobe, central lobe, left parietal lobe, occipital lobe and temporal lobe 
between BMD I and BMD II (P < 0.05). In patients with BMD I, spectral 
entropy was compared to patients with BMD II. The most significant 
difference was observed in the gamma frequency band. Also, the power 
and entropy of delta frequency band was larger in the left parietal lobe in 
the BMD I patients compared to BMD II patients (P < 0.05). In the 
temporal lobe, significant differences were observed in the spectrum 
distribution of beta and gamma frequency bands (P < 0.05). 
Conclusion: The QEEG and entropy measure are simple and available 

tools to help detect cerebral cortex deficits and distinguish BMD I from 
BMD II.   
Keywords: Bipolar Mood Disorder I, Bipolar Mood Disorder II, Quantitative 

Electroencephalography, Entropy 
 

 
 

 

Bipolar disorder is one of the severe and chronic 

disorders, involving mood changes, which may 

appear as elevated mood episodes (mania or 

hypomania) to low mood episodes (depression) (1). 

This disorder is often considered to have two ends 

one leading to bipolar I mood or classic disorder and 

the other end being sub-threshold mania or 

depression (2, 3). Bipolar II disorder is generally 

milder than bipolar I disorder, and according to DSM 

IV criteria, the number of criteria described for the 

both disorders is the same (1, 4, 5). The diagnostic 

criteria for these disorders are only based on the 

severity of symptoms; in the BMD II, performance 

will be slightly affected but in the BMD I the patients 

will have psychosis or less functions in various fields  

 

 

 

 

of life (4). However, both disorders have significant 

morbidity and mortality (6). Bipolar II disorder has  

more lifetime prevalence than bipolar I disorder (1, 

4). Although the first accession in this disorder 

appears in late adolescence and early adulthood, this 

disorder is frequently seen in children and 

adolescents (7, 8). Despite the fact that the disorder 

appears in late adolescence and early adulthood with 

clear symptoms as episodic form, adolescents with 

bipolar disorder often have atypical and chronic 

symptoms without the episodes characterized by 

mania, hypomania and depression (7, 8). Therefore 

child or adolescent patients may experience elevated 

or low mood frequently during a day; and it is likely 

that they live with these symptoms without treatment 

for a few years and that the disorder may severely 

Original Article 

Iran J Psychiatry 2015; 10:2: 93-99 



Khaleghi, Sheikhani, Mohammadi, et al 

   Iranian J Psychiatry 10:2, April 2015 ijps.tums.ac.ir 94 

impact their educational and interpersonal 

performance and interfere with their personal and 

social development (8). 

Accordingly, this disorder has a difficult diagnostic 

in childhood and adolescence. Therefore, under 

diagnosis and misdiagnosis is significant in this 

disorder (6, 9). 

The QEEG as a common and reliable biomarker can 

be helpful in identification of neurophysiological 

differences in brain activity which are considered as 

main factors in occurrence of psychiatric disorders 

(10, 11, 12, 13, 14). The QEEG method is defined as 

“The mathematical processing of digitally recorded 

EEG in order to highlight specific waveform 

components, transform the EEG into a format or 

domain that elucidates relevant information, or 

associate numerical results” (15). Although many 

studies have examined the QEEG and brain function 

for several psychiatric disorders, there are a few 

studies on QEEG evaluation in patients with bipolar 

mood disorder (BMD), particularly in type I and type 

II, independently. 

Oluboka and et al. evaluated absolute power and 

coherence differences with EEG signals features 

between patients with bipolar I disorder and 

schizophrenia (16). The results showed that right 

anterior hemisphere disorganization in BMD I 

patients is more than patients with schizophrenia. 

They also observed significant relationships between 

brain waves and presence of family history in the 

patients with BMD I. Bahrami et al. compared the 

fractal dimension of EEG signal in patients with 

BMD I through manic episode and normal subjects 

(17). They reported increases in brain complexity in 

BMD patients. Harmon-Jones et al. compared bipolar 

patients and normal individuals in relatively severe 

mental processes (18). They found higher left frontal 

activation in BMD patients. 

In other studies, using EEG analysis and feature 

extraction from the signals, BMD diagnosis was 

done from other disorders such as schizophrenia and 

ADHD (19, 20, 21, 22). However, these studies were 

conducted without considering the type of bipolar 

disorder. 

To the best of our knowledge, no studies have been 

conducted on patients with BMD I and BMD II and 

on their brain function, using QEEG analysis. While 

in some cases, the diagnosis of BMD I from BMD II 

is a serious challenge for psychiatrists, the aim of this 

study was to assess the differences in cortical 

function in these patients, using their EEG signal 

analysis. 

 

Material and Methods 
Participants 

In this study, 18 adolescents with BMD I (10 boys 

and 8 girls, 15.7 ± 1.50 years) and 20 adolescents 

with BMD II (10 boys and 10 girls, 16.1 ± 1.51 

years), were diagnosed by two child and adolescent 

psychiatrists according to Diagnostic and Statistical 

Manual of Mental Disorders (DSM-IV-TR) criteria 

and were qualified for the study. Criteria leading to 

exclusion of patients from the study were as follows: 

Neurologic diseases such as seizure; head injuries; 

suspect to other mental disorders or having multiple 

disorders simultaneously; patients who took 

benzodiazepines or barbiturates; patients with a 

history of substance abuse; and reluctance of families 

to participate in the study. 
Experiment 

Electroencephalogram signals of the patients were 

recorded by SD-C24 QEEG device in the psychiatry 

and psychology research center in the Roozbeh 

hospital. According to 10-20 international system, 

the EEG signals were recorded by 21 electrodes in 

open and closed eyes at relax conditions and in a 

quiet room for about 10 minutes. The channels 

locations on the scalp were as follows: Fz, Cz, Pz, 

C3, T3, C4, T4, Fp1, Fp2, F3, F4, F7, F8, P3, P4, T5, 

T6, O1, O2, A1, A2. A1 and A2 channels average 

was used as reference. The signals are were filtered 

real time by a band pass FIR filter (a Butterworth 

filter with order 7) between 0.1 and 70 Hz and a 

notch filter at 50 Hz. Sampling frequency was set to 

256 Hz. We had a pre-processing step to noise 

cancellation and artifacts reduction of the signals. 

Afterwards, 40 seconds segments were taken from 

the each pre-processed signals by an experienced 

neurologist using visual inspection (based on (23), 

this is an optimum length to extract the reliable 

spectral features from EEG signal). Thus, the final 

EEG segment had no artifacts such as EMG, EOG or 

head movement artifacts. In the next step, power 

spectrum density (PSD) was estimated from five 

frequency waves [i.e., delta (0.5-4 Hz), theta (4-8 

Hz), alpha (8-12 Hz), beta (14-34 Hz) and gamma 

(34-44 Hz) bands], using periodogram Welch. Then, 

the features including power, mean, entropy (a 

measure of randomness in a signal), variance and 

skewness were extracted from PSD (23). Also, we 

were extracted the mean of the threshold spectrum 

(called component feature or PSD criteria) and the 

mean of the threshold spectrogram using short time 

Fourier transform or STFT (called STFT feature). 

Spectrogram is a visual time-variant spectral map of 

frequencies in the signal, and it is used extensively in 

the signal analysis in biomedical applications (18). 

The spectrogram of time series x(t) is defined as the 

magnitude of STFT. The STFT of signal x(t) is given 

by (24) 

 
where f(t) is a window function with short time 

duration and * indicates the complex conjugate. 

Based on the definition, the spectrogram is expressed 

as follows (18): 

 
Based on the previously studies (18), this threshold 

was set to the maximum value of spectrum 
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multiplied by 0.7. All of mentioned processes for 

EEG analysis were implemented by Matlab 8.2 (The 

Math works, Inc) in this study. 

Statistical Analysis 

According to data distribution, we used parametric 

and non-parametric tests to determine the statistically 

significant differences between patients with BMD I 

and BMD II. Hence, Shapiro-wilk test was used to 

assess our data distribution. Then, normal data was 

analyzed with independent t test and non-normal data 

were analyzed by Mann-Whitney test. We performed 

the statistical analysis using SPSS version 21. 

Significant difference level was set to at 0.05. 

 

Results 
Table 1 summarizes the demographic information of 

the two groups. As shown in Table 1, no significant 

difference existed between the two groups in age and 

gender. Seven mentioned features were extracted from 

a preprocessed EEG segment for each subject. 

Due to stress and excessive head movement during 

recording, analysis was only done on the recorded 

signals in open eyes state. The BMD I had significant 

higher spectrogram criteria value at right prefrontal 

(Fp2) in beta band (P = 0.017), at right temporal (T6) 

in gamma band (P = 0.027), and at left occipital (O1) in 

delta band (P = 0.048). Examples of the spectrogram 

for BMD I and BMD II are shown for P3 electrode in 

Figure 1. 

Although BMD I had higher spectral power in the most 

brain’s lobes, especially in parietal lobe, left parietal 

(P3) in delta band (P = 0.038) and mid-line frontal (Fz) 

in alpha band (P = 0.016) had only significant higher 

values versus BMD II. The average of EEG spectrum 

in the two groups showed significant differences with 

higher value at P3 electrode in delta band (P = 0.000) 

and F7 electrode in alpha band (P = 0.043) for BMD I. 

Also, BMD I had also significant higher PSD criteria 

value at P3 (P = 0.014) and T4 (P = 0.000) electrodes 

in gamma band. The skewness of the frequency bands 

in the two groups was positive. However, BMD I had 

significant greater skewness at O2 electrode in alpha (P 

= 0.000) and gamma (P = 0.034) bands, T3 electrode in 

beta band (P = 0.024), T4 electrode in beta (P = 0.024) 

and gamma (P = 0.034) bands, and T5 electrode in beta 

band (P = 0.000). No significant difference was found 

between both the two groups in variance feature.  

 
 

Table 1: Demographic Information of Adolescents with Bipolar I and Bipolar II Disorders 
 

Parameters BMD I (n = 18) BMD II (n = 20) P-value t (df) 

Age 15.70±1.50 16.10±1.51 0.194 0.986 (37) 
Gender (male, female) 10, 8 10, 10 0.391 -0.521 (37) 
Handedness Right (16), left (2) Right (20)   

 

Table 2. Features with Significant Differences (P < 0.05) between Type I and Type II Bipolar Disorder based on 
Statistical Analysis 

 

P-value BMD II (Mean±S.D) BMD I (Mean±S.D) Features 

0.000 0.010±0.000 0.581±0.298 FP1-gamma-entropy 
0.017 0.651±0.183 0.416±0.185 FP2-beta-stft 
0.006 0.011±0.000 0.393±0.335 F4-gamma-entropy 
0.043 0.831±0.103 0.764±0.043 C3-alpha-entropy 
0.000 0.012±0.000 0.336±0.289 C3-gamma-entropy 
0.027 0.483±0.225 0.645±0.207 C4-gamma-entropy 
0.000 0.022±.069 0.117±0.278 P3-delta-mean 
0.038 0.021±0.009 0.115±0.265 P3-delta-power 
0.048 0.363±0.068 0.399±0.184 P3-delta-entropy 
0.030 0.001±0.000 0.446±0.316 P3-gamma-entropy 
0.014 0.984±0.012 0.976±0.009 P3-gamma-component 
0.030 0.001±0.000 0.471±0.289 O1-gamma-entropy 
0.048 0.496±0.286 0.712±0.234 O1-delta-stft 
0.000 0.990±0.003 0.987±0.002 O2-alpha-skewness 
0.034 0.980±0.005 0.985±0.007 O2-gamma-skewness 
0.000 0.003±0.000 0.274±0.325 O2-gamma-entropy 
0.043 0.010±0.001 0.361±0.245 F7-alpha-mean 
0.014 0.002±0.000 0.383±0.325 F7-gamma-entropy 
0.024 0.936±0.052 0.895±0.043 T3-beta-skewness 
0.024 0.933±0.048 0.895±0.039 T4-beta-skewness 
0.034 0.986±0.005 0.991±0.005 T4-gamma-skewness 
0.000 0.977±0.010 0.966±0.011 T4-gamma-component 
0.000 0.938±0.051 0.904±0.042 T5-beta-skewness 
0.038 0.001±0.000 0.538±0.277 T6-gamma-entropy 
0.027 0.576±0.285 0.328±0.215 T6-gamma-stft 
0.016 0.002±0.000 0.421±0.332 Fz-alpha-power 
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(a) 

 

 
(b) 

Figure 1: An Example of Spectrogram of P3 Electrode for a Patient with (a) BMD I and (b) BMD II 
 

 
Figure 2: Spectral Entropy Values of Gamma Frequency Band in 19 Channels in Type I and Type II of BMD. 
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Table 2 demonstrates the mean and standard deviation 

of all significant features between patients with BMD I 

and BMD II. 

The most number of significant differences between 

BMD I and BMD II groups have were found in spectral 

entropy, particularly in gamma frequency band.  

The BMD I had significantly higher spectral entropy 

values at FP1, F4, F7, C3, C4, P3, T6, O1 and O2 

channels (P < 0.05) in gamma band significantly. Also, 

C3 electrode in alpha band (P = 0.043) and P3 

electrode in delta band (P = 0.048) showed greater 

spectral entropy value in BMD I. Figure 2 displays the 

spectral entropy values of gamma band in all 19 

electrodes for both the two groups. 

 

Discussion 
 

According to our results, significant differences were 

found between BMD I and BMD II in the frontal lobe, 

central lobe, left parietal lobe, occipital lobe and 

temporal lobe. Generally, spectral entropy increases in 

BMD I for each lobe; this finding may indicate that 

gray matter in the BMD I has more deficits than BMD 

II. This observation is consistent with that of Ambrosi 

et al. and James et al. (25, 26). They found decreases in 

gray matter density of patients with BMD I and BMD 

II compared to normal subjects, respectively. 

The frontal lobe is a progressive cognitive center, 

which integrates emotion and information to deal with 

inner and outer environment and extract episodic 

memory in the resting state (27). Based on our results, 

it seems that BMD I and BMD II patients have 

abnormalities in the prefrontal and frontal lobes, and 

this could explain the differences in executive function 

and emotional behavior between the subtypes of 

bipolar disorder. However, previously some studies 

suggested that the frontal and prefrontal regions are 

affected by mental disorders, particularly bipolar 

disorder (25, 28, 29, 30). 

The temporal lobe which contains the hippocampus 

plays an important role in the formation of long-term 

memory; it is the advanced processing center for 

auditory, visual and semantic inputs (31). Temporal 

lobe damage can lead to behavioral changes and 

aggression, as well as lack of attention to the 

surrounding issues (31, 32). Liu et al. using resting 

state fMRI found that temporal gyrus is affected by 

BMD (29). This study revealed significant differences 

between BMD I and BMD II in the temporal lobe that 

either could indicate temporal lobe damage in the BMD 

or could explain some differences between these two 

types of disorders. 

Parietal lobe functions include collection, and combine 

the sensory information from different parts of the 

body and process their relations (31). Parietal lobe 

damage can lead to sensory function and perception 

deficits (32). Also, left parietal lobe damage reduces 

the writing and math skills and sometimes speaking 

ability is also affected (27, 32). The results revealed 

significant differences between BMD I and BMD II in 

the left parietal lobe (P3 channel). However, entropy 

increases in this region for BMD I which may indicate 

more damage in patients with BMD I. However, Liang 

et al. suggested that right inferior parietal lobe is 

damaged with BMD which is inconsistent with our 

observation (27). The results of another study showed 

that patients with BMD have decreased cortical 

thickness within parietal lobe (28) . 

Occipital lobe is the advanced processing center for the 

raw visual information (31). In this lobe, there are 

significant differences between both disorders 

including entropy and data distribution or skewness. 

Entropy increases in the BMD I on this region too. A 

similar observation was reported by Liang et al. (27) in 

the left occipital lobe for BMD. 

 

Limitation 
 

Small sample size was one limitation of this research. 

Thus, we reported preliminary findings, and to have 

more valid and conclusive results, replication of the 

study with larger population is recommended. 

 
Conclusion 
 

In this paper, we presented a preliminary study about 

differences of electrical brain activity between BMD I 

and BMD II by EEG spectral analysis. In general, 

investigation of cerebral cortex function variations, 

using EEG signals, is a useful tool to identify the 

damaged brain regions in the bipolar disorder and 

compare the BMD I and BMD II. Although we used 

QEEG, we could only assess the cerebral cortex 

variations, while we are aware that deep brain damages 

lead to mental disorders. Yet, useful information is 

achieved from the brain damages in these disorders 

using QEEG analysis. Meanwhile, QEEG is always 

simply available and it is cost-effective for the patients. 

In conclusion, The QEEG and entropy measure are 

simple and available tools to help detect cerebral cortex 

deficits and diagnose BMD I from BMD II. 
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