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Figure 5 Calculated spectral asymmetry values (as a relative dif-
ferences in the selected higher and lower EEG frequency band pow-
ers) in P3 channel for individual subjects in depressive and control
groups at 1-, 5- and 30-min lengths of the EGG signal arranged in
descending order.

Discussion

Most critical in the calculations of SA is the balance between
EEG powers in the lower (close to theta) and higher (close
to beta) EEG frequency bands [Eq. (1), Figure 2].

Our results showed positive values of the calculated SA
and consequently an increased relative EEG beta power for
the depressive group compared with negative SA values in
the control group at the normal beta level (Figure 3). This
finding confirms a higher beta power in depression and is in
good agreement with the results reported by other authors
where relative beta was found to be greater in the depressive
patients than in the controls at all scalp sites [12, 20].

A similar SA parameter, a relative difference of the fixed
theta and beta band powers, was used in our previous study
to evaluate the electromagnetic field effect on 18 depressive
subjects [3]. The calculated parameter was positive for 14
and negative for 4 subjects. Such a small variation in the

Table 1 Bonferroni corrected p-values for differences in calculated
spectral asymmetry values between depressive and control groups
(n=18) in different EEG channels at different EEG signal lengths .

EEG p-Values
channel X K _
t=1 min t=5 min t=30 min
FP1 0.011 0.009 0.005
FpP2 0.007 0.009 0.007
T3 0.003 0.024 0.001
T4 0.001 0.010 0.001
P3 0.003 0.001 1E-04
P4 0.001 0.001 2E-04
o1 0.003 0.001 2E-04
02 0.003 0.001 2E-04

results between two experiments on groups of a limited num-
ber of subjects can be caused by chance. Nevertheless, the
effect of the low alpha frequency on SA was obvious and
correction of the theta and beta frequency bands regarding
alpha maximum during preliminary calculations led to posi-
tive values of the parameter for 17 depressive subjects.

A decrease of the SA values in the control group with an
increase of the EGG signal lengths (Figure 3) can be pro-
duced only by a decrease of EEG beta or an increase of theta
power during long-term EEG recordings. Our results for the
control group showed clearly the same trend as reported by
other authors [ 14]. Maltez et al. demonstrated that alpha and
beta power decreased towards the end of the recording ses-
sion during resting conditions, whereas delta and theta power
showed a systematic increase [14].

The slightly modified method applied for SA calculation
in our recent study used decreased length of the window for
calculations of the EEG spectrum and adaptation of the
selected frequency bands to different EEG channels [9]. The
results achieved in another group of subjects were in good
agreement with the current study and additionally confirmed
the ability of SA to discriminate between depressive and
healthy subjects better than inter-hemispheric asymmetry or
coherence [9].

The balance between the higher and the lower EEG fre-
quency bands is sensitive to a number of other factors
besides depression. Therefore, the SA method has some
limitations in its use in evaluating depression.

The main concern is a possible side effect of drugs. Sev-
eral antidepressant drugs can cause changes in the EEG spec-
trum and therefore lead to false unbalance between the EEG
powers in the higher and the lower frequencies of the spec-
trum. Therefore, the SA method can be applied only for
persons not on medication or persons not on long-term med-
ication before the investigation. Furthermore, individuals
under investigation should avoid alcohol, coffee and other
chemical, physical or psychological stressors before EEG
recordings.

Another important limitation is the diversity of the EEG
frequency spectrum for individuals. In the proposed method,
the bandwidths of the higher and lower EEG frequency
bands are selected tuned to the EEG alpha maximum. It takes
into account individual low or high alpha frequency. Nev-
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ertheless, in some cases even such a tuning is not effective
enough (subjects 1 and 10 in the depressive group). Accord-
ing to our results, the individual diversity of the EEG spec-
trum appears even more clearly in the control group. Our
results also revealed alterations in the EEG spectrum
between the different EEG channels: the higher relative theta
power was measured in the frontal channels.

Further investigations are required to select optimal band-
widths for the higher and the lower EEG frequency bands
and EEG channels based on extended databases and several
independent groups. It is very challenging to apply nonlinear
methods for the analysis of EEG with very mild abnormal-
ities in the waveforms.

Our results suggest that SA based on the balance between
the powers of the higher and the lower EEG frequency bands
seems to enable characterization of EEG in depression.
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Abstract— This study is aimed to compare the electroence-
phalographic (EEG) spectral asymmetry index (SASI) calcu-
lated at fixed and individual frequency bands. In addition, the
possible age effect on SASI is analyzed. SASI is based on bal-
ance between the powers of two special EEG frequency bands
selected lower and higher of the EEG spectrum maximum and
excluding the central frequency from the calculations.

EEG recordings were carried out on a group of 18 depres-
sive subjects, a group of 18 age matched controls and two
groups of young controls (15 subjects in each). The individual
and fixed SASI was calculated for 10 minute resting EEG
signals from channel P3.

The individual SASI differentiated the depressive subjects
from all the other control groups. Fixed SASI was not so con-
sistent and performed at poorer quality. The obvious age effect
on SASI was not found, however, variances of results between
control groups of different age decreased with individual tun-
ing of frequency bands. Therefore, while using spectral asym-
metry index for detection of depression or other mental dis-
orders, the individual selection of EEG frequency bands is
recommended.

Keywords— EEG analysis, spectral asymmetry, depression,
mental disorder.

1. INTRODUCTION

The methods of diagnosis of mental disorders have been
traditionally based mainly on evaluation of the intensity of
subjective and clinical symptoms by psychiatrists. Never-
theless, subjective symptoms of disorders are accompanied
by objective changes in the brain bioelectrical activity in the
electroencephalographic (EEG) signal. Therefore the indica-
tors based on the EEG analysis can be fruitful for diagnos-
tics of depression and other mental disorders [1].

The spectral asymmetry index (SASI) was proposed in
our previous study for evaluation of depression [2]. SASI is
based on balance between the powers of two special EEG
frequency bands selected lower and higher of the EEG spec-
trum maximum (alpha band). It provides good results in
detection of depression [2]. The results of additional expe-
riments suggest that the SASI is a promising measure for

evaluation not only of depression but also the effect of mi-
crowave radiation on human brain [3].

While analyzing EEG the majority of studies are using
the classical fixed band system of EEG frequencies. How-
ever, the individual mean alpha frequency varies normally
in the range 9.5-11.5 Hz [4]. It is also recognized that the
maximum alpha frequency changes over the lifespan, in-
creasing until to puberty [5] and decreasing after that [6, 7].
In addition the variations in the EEG measures are ex-
plained by genetic factors [8, 9].

Could it be that inter and intra personal differences in
EEG frequency bands are small enough not to obscure the
results? If that is the case, there is no need to detect and
calculate the individual frequency bands and the calcula-
tions could be more robust and quick. If not, the lower and
higher frequency band limits, calculating SASI, must be
chosen according to the individual alpha maximum.

This study is aimed to comparison of SASI calculated at
fixed and individual EEG alpha frequency bands as well as
estimation of possible age effect on the SASI.

1. MATERIALS AND METHODSITING

A. Subjects

The data analysis was performed on 4 groups of human
volunteers. The first two groups having 18 subjects in each:
a group of female patients with depressive disorder and
aged matched control group (mean age 35 years + 11 years).
The last 2 groups consisted of 15 young healthy subjects
(mean age 22 years + 1 year; mean age 27 years * 4 years).

Subjects with depressive disorder and without antide-
pressant treatment were selected from a hospital inpatient
unit. Subjects with nonpsychotic depressive disorder as
defined by ICD-10 criteria and determined by 17-item
Hamilton Depression Rating Scale (HAM-D) score high-
er than 14 were eligible. The average score for the group
was 22.8 (standard deviation 3.3).

The study was conducted in accordance with the Declara-
tion of Helsinki and was formally approved by the local
Medical Research Ethics Committee.
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Fig. 1 EEG spectrum and positions of the boundary frequencies of the higher and lower specific EEG frequency bands for calculation of SASI. The pa-
rabolic approximation maximum is marked as f; F1 and F2 — lower and higher boundary frequencies of the lower EEG frequency band; F3 and F4 — lower

and higher boundary frequencies of the higher EEG frequency band.

B. Experimental procedure and EEG recording equipment

During the experimental procedure the continuous resting
eyes closed EEG was recorded during 30 min. For the anal-
ysis only the first 10 minutes were used. The measurements
were performed in dark laboratory room; to exclude the
auditory stressors the ear plugs were used.

During the experimental procedure participants were ly-
ing in relaxed position with closed eyes.

Cadwell Easy II EEG measurement equipment was used
for the EEG recordings. The EEG was recorded using 19
electrodes, which were placed on the subject’s head accord-
ing to the international 10-20-electrode position classifica-
tion system. Parietal channel P3 was chosen for analysis.
Raw EEG signals were recorded using the Cadwell Easy
data acquisition system with a frequency band of 0.3-70
Hz. The impedance of recording electrodes was monitored
for each subject prior to data collection and it was always
below 5 kQ. The EEG signal was band-pass filtered 0.5-39
Hz and stored on a computer at the sampling frequency of
400 Hz.

C. EEG Analysis

The previously developed SASI was calculated as a rela-
tive difference between the higher and the lower EEG fre-
quency band power. The balance of the powers characteriz-
es the EEG spectral asymmetry.

IFMBE Proceedings Vol. 39

In order to achieve the balance a comparability of the
powers in the bands is required. The EEG spectrum has
much higher power spectral density in lower (delta, theta)
than in higher (beta) frequencies. Therefore, to provide
required balance, bandwidth of the higher frequency band
should be selected much wider than the bandwidth of the
lower frequency band. The 4 Hz bandwidth (close to tradi-
tional theta bandwidth) was selected for the lower EEG
frequency band and the 24 Hz bandwidth (close to the tradi-
tional beta bandwidth) for the higher band.

Important aspect of the method is exclusion of the central
(alpha) band frequencies from the analysis. While consider-
ing individual frequency bands, the boundary frequencies
were adjusted taking into account the alpha frequency range
in the EEG power spectrum of a particular subject.

Calculation of SASI comprises four main steps: (1) com-
puting of power spectral density of the recorded EEG sig-
nal; (2) selection of boundary frequencies of the lower and
higher specific EEG frequency bands; (3) calculation of the
EEG signal power in the selected bands; and (4) calculation
of the SASI as a combination of the EEG powers in the
selected bands.

*» The power spectral density of the recorded EEG signal
was calculated by means of Welch’s averaged periodogram
method. The signal was divided into overlapping epochs
(50%), with the length of 1,024 and extracted through a
Hanning window. The power spectral density s, was com-
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puted for each subject in each group (indexed by n € [1,
18] orn € [1, 15]).

» The boundary frequencies of the higher and lower spe-
cific EEG frequency bands for individual SASI are shown
on Figure 1 and were selected as follows.

At first, the frequency with the maximum spectral power
fmax in the region of alpha band 8—13 Hz of the recorded
EEG signal was estimated. Thereafter the parabolic approx-
imation was applied to the spectrum of the EEG central
frequency band (f,,x = B) Hz, where B was half-width of
the band. The best parabolic fit was calculated by applying
the Matlab POLYFIT tool, which finds the coefficients of a
polynomial function that fits the data in a least-squares
sense. The maximum point of the fitted parabola f. was
taken as a centre of the central band.

The frequency limits for the lower and the higher specific
frequency bands were determined as follows: the lower
frequency band from F1 = (f. — B - 4) Hz to F2 = (f, - B)
Hz, and the higher frequency band from F3 = (f. + B) Hz to
F4 = (f. + B + 24) Hz. The value of B was 2 Hz.

For the fixed EEG frequency bands, the central band, f,
was 10 Hz. Consequently, the lower frequency band was 4-
8 Hz and the higher frequency band 12-36 Hz.

» The EEG signal powers W), and Wy, in the lower and in
the higher EEG frequency bands, respectively, were calcu-
lated for each subject (indexed by [1, 18] or [1, 15]) as

F2 F4
Wo=D.85: W,=>50
F3

f=F1
* Finally, the SASI was calculated as
w, —W,
SASI, = 1o )
Whn + I/V]n

Signal processing and calculation of parameters were
performed in the MatLab (Signal Processing Toolkit) and
LabVIEW Full Development System (Mathematics and
Signal Processing modules) environment.

III. RESULTS & DISCUSSION

Figure 2 shows the results for the original SASI method
employing the individual frequency bands. All subjects are
sorted according to the SASI value. The figure clearly diffe-
rentiates the depressive group from the healthy groups.
While the depressive subjects have positive SASI values,
except one, a remarkable number of healthy subjects have
negative SASI values. Differences between age matched
and younger controls are smaller than between depressed
and age matched controls.
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Fig. 3 Sorted SASI values calculated for all four groups using fixed fre-
quency bands for all subjects

Figure 3 illustrates the data of SASI values while fixed
frequency bands were used. The values for depressive sub-
jects are still higher than for healthy subjects, however the
difference is not as clear as with individual frequency
bands. It is also possible to see that the results are not as
consistent as those with individual frequency bands. The
range of SASI values for depressive subjects starts from -
0.8 and goes up to 0.8. While looking at the control groups,
more positive SASI values appear and the group differences
between healthy controls is also higher.

The average SASI values for groups are presented in Ta-
ble 1. While looking at the averaged individual SASI val-
ues, only the depressed subjects have positive results, while
all the healthy subjects have negative SASI. With fixed
frequency bands the results of SASI are more ambiguous.
The level of SASI value for depressed subjects is closer to
the healthy groups. In addition, SASI for group 2 of young
subjects is positive, therefore moving closer to the results of
depressed subjects and more far from the other young
group.

The corresponding p-values calculated by the Student t-
test are presented in Table 2. Here we can see, the individu-
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al SASI can differentiate depressive subjects from all the
other groups. The results stay significant after Bonferroni
correction. The difference between various healthy groups
is not significant though. The fixed SASI could differentiate
the depressive group from age matched controls and young
controls from group 1, however it could not differentiate
depressive subjects from the young controls in group 2.

Table 1 Average SASI values for two different calculation methods
(individual and fixed bands) and four different groups: depressive subjects,
age matched controls, first group of young subjects and second group of
young subjects.

SASI Individual fc Fixed fc
Depressive 0,36 0,31
Age matched -0,09 -0,14
Young, group 1 -0,03 -0,02
Young, group 2 -0,04 0,11

Table 2 p-values of a Student t-test for two different calculation methods
(individual and fixed bands) and four different groups: depressive subjects,
age matched controls, first group of young subjects and second group of
young subjects. Significant after Bonferroni correction are marked Bold.

Individual fc  Age matched  Young, group 1 Young , group 2
Depressive 6,01E-07 1,74E-06 8,98E-05
Age matched 0,466 0,121
Young, group 1 0,327
Fixed fc Age matched  Young, group 1 Young, group 2
Depressive 1,65E-04 0,006 0,107

Age matched 0,174 0,018
Young, group 1 0,234

It is clear that by calculating SASI using fixed frequen-
cies the results are more obscured and the ability of SASI to
differentiate depressive subjects from controls is of poorer
quality. Therefore, we can conclude that inter-individual
EEG spectral changes are too big for calculations with fixed
frequency bands and the individual frequency bands are
necessary for calculations of SASI. In case of attention-
deficit/hyperactivity disorder subjects, it was also found that
the increased theta activity and increased theta/beta ratio
largely depended on a subgroup of children with ADHD
who had slow alpha peak frequencies rather than increased
theta activity [10].

The age related differences in SASI are obviously small-
er than these caused by depression. However, variances of
results between control groups of different age decrease
with individual tuning of frequency bands.

IFMBE Proceedings Vol. 39
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IV. CONCLUSIONS

Our results showed that individual tuning of the EEG
frequency bands provides much more consistent results in
calculation of spectral asymmetry index compared to using
of fixed traditional EEG frequency bands. Therefore, while
using spectral asymmetry index for detection of depression
or other mental disorders, the individual selection of EEG
frequency bands is recommended.
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