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Abstract: Anxiety is defined as a subjective sense of worry, apprehension,
fear and distress. When severe, it can affect a child's thinking, decision-making ability,
perceptions of the environment, learning and concentration. Basal instability in cortical
arousal, as reflected in measures of quantitative electroencephalography (qEEG), is
common in most of the anxiety disorders.

Subjects and methods: The sample was composed of 26 children and teenagers
aged 11.73 + 4.03 years, F: M =1 : 2. The group was diagnosed as having Generalized
Anxiety Disorder (GAD). EEG was recorded with Quantitative EEG equipment — Mit-
sar-amplifier with 19 electrodes with 250 Hz sampling rate in the 0.3—70 Hz frequency
range in the following conditions: eyes opened and eyes closed, at least 5 minutes each.

Results and conclusions: A statistically significant difference of spectra power
in alpha band between left and right hemisphere was obtained. The right frontal asym-
metry is specific to the right-handed. In eyes-open condition the percentage of children
manifesting right asymmetry is up to 92.31% and in the eyes-closed condition it is
88.46%. Left frontal asymmetry was typical of left-handed children. We did not confirm
the posterior right asymmetry suggested by other authors. The correlations between
asymmetry and hand preference of children was very strong (r = 0.68—0.85) and statisti-
cally significant (p < 0.05) only for frontal regions of the brain. For parietal regions this
was weak and statistically not significant.

Key words: General Anxiety Disorder, quantitative EEG (electroencephalography),
Alpha spectra power, alpha asymmetry.
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Introduction

Anxiety is defined as a subjective sense of worry, apprehension, fear
and distress. When severe, it can affect a child's thinking, decision-making abi-
lity, and perceptions of the environment, learning and concentration. Brain ima-
ging and functional studies have shown some evidence of abnormal function in
several regions of the brain.

Among the techniques of functional brain imaging, quantitative electro-
encephalography (QEEG) offers many advantages. The ideal temporal resolution
in the millisecond time domain characteristic of neuronal information proces-
sing, no ionizing radiation, noninvasive images, both excitatory and inhibitory
cortical neuronal activity rather than secondary haemodynamic processes, and
relatively inexpensiveness and portability are the advantages. [1].

Many authors have reported specific electrophysiological patterns for
anxiety disorders. The basal instability in cortical arousal, as reflected in mea-
sures of qEEG, is common to most of the anxiety disorders. Resting electroen-
cephalographic (EEG) measures tend to correlate with symptom sub-patterns
and be exacerbated by condition-specific stimulation [2].

Bruder et al. (1997), investigated a model of asymmetric hemispheric
activity in depression and anxiety, and reported that anxious and nonanxious
depressed patients differ on electroencephalographic (EEG) measures of parie-
totemporal activity. As predicted, depressed patients with an anxiety disorder
differed from those without anxiety in alpha asymmetry. Nonanxious depressed
patients showed an alpha asymmetry indicative of less activation over right than
left posterior sites, whereas anxious depressed patients showed evidence of
greater activation over right than left anterior and posterior sites. [3].

Frontal EEG asymmetry has been studied as a state related to acute
affective response. Authors have used experimental factors to induce emotions,
like evocative film clips, and produced asymmetric patterns of EEG activation.
In these experiments, a negative affect was associated with relatively higher
right frontal activation, whereas positive emotional states were associated with
greater left frontal activation [4—6].

Frontal brain asymmetry has been conceptualized as a biological sub-
strate for the fundamental dimensions of emotion, approach and withdrawal [7—
8]. There was very interesting work by Fox, 1991, [9] related to brain asym-
metries (as measured by scalp-recorded EEG activity) localized to the frontal
region and associated with the generation of emotions even in infants.

The goal of our study was to evaluate EEG alpha power and alpha
asymmetry in children with anxiety from 7-18 years of age. OUR HYPOTHE-
SIS is that there is a significant difference in spectral power in the alpha activity
between the left and right sides of the brain in children with anxiety disorders.
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In addition, the asymmetric alpha activity was found to be associated with rela-
tively higher right frontal activation predominant in the frontal but not the pos-
terior regions in children with anxiety disorders.

Methods and patients

Subjects

The sample comprised 26 children and teenagers, average age 11.73 +
4.03 years; 65.28% (or 17) of patients were males and 34.62% (or 9) were fe-
males. The diagnosis as GAD (Generalized Anxiety Disorder) was made accor-
ding to ICD-10 criteria. The manifested symptoms comprised:

v" Excessive concerns about the quality of one’s performance in areas
such as schoolwork, sports or everyday life;

v' Excessive concerns about physical health (despite good health);

v" Excessive concerns about non-health themes (money, family, disa-

sters...);

Free floating anxiety unrelated to specific situations;

A frequent need for reassurance;

Marked feelings of tension, inability to relax or to concentrate, ner-

vousness, difficulty falling asleep, autonomic symptoms ( such as palpi-

tations, sweating, dry mouth, etc.);

v Recurrent somatic complaints.

AN

Inclusion criteria were: age between 7 and 18 years; absence of actual
neurological or mental impairments and absence of the use of psychoactive or
psychotropic substances (screened by a previous anamnesis and clinical exami-
nation). EEG was recorded with qEEG equipment (Mitsar, Ltd.) amplifier from
19 electrodes (on the International 10—20 system) with 250 Hz sampling rate in
0.3-70 Hz frequency range in the following conditions:

1) eyes open (EO) — at least 5 minutes, and

2) eyes closed (EC) — at least 5 minutes.

Recorded results were referred and analysed as data base montage.

Scale: 50 mcV/cm, speed — 30 mm/sec, time constant — 0.3 sec, low fre-
quency filter — 30 Hz. The analysis was made after eliminating artifacts resul-
ting from movements, large scale muscle tension, sweat, and large eye move-
ments. Vertical and horizontal eye movement artifact correction was done by
means of Independent Component Analysis (ICA). ICA is an information maxi-
mization algorithm that derives spatial filters by blind source separation of the
EEG signals into temporally independent and spatially fixed components.
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Then recordings for two conditions — eyes closed and eyes open — are
sufficient for calculation of spectra power values for every 19 electrodes for all
5 bands: delta, theta, alpha, betal and beta2.

Table 1

Results for spectra power in eyes-open condition for 11-year-old girl

Montage | Delta yV> | Theta yV> | Alpha gV | Beta 1 yV> | Beta 2 pV>
Fpl-AvW 11.86 3.68 3.02 1.57 3.02
Fp2-AvW 11.68 3.58 3.43 2.79 9.26
F7-AvW 6.07 2.09 1.97 1.01 2.18
F3-AvW 6.58 2.73 2.78 2.00 2.89
Fz-AvW 8.96 3.41 2.74 1.42 1.24
F;-AvW 7.48 272 3.02 2.77 4.54
Fg-AvW 7.08 2.19 2.19 1.26 2.30
Ts-AvW 8.04 3.33 3.77 422 3.16
C5-AVW 6.71 3.11 4.83 3.25 1.61
Cz-AvW 11.39 422 422 1.70 1.18
C4-AVW 2.72 1.18 1.62 0.68 0.68
T4+-AvW 7.78 3.30 3.96 2.74 2.45
Ts-AvW 9.31 3.93 6.35 2.81 4.64
Py-AvW 8.34 3.45 5.58 1.53 1.77
Pz-AvW 7.39 2.96 3.40 1.13 0.73
P,-AVW 7.26 3.30 7.27 222 1.15
Te-AvW 9.09 3.71 9.54 2.93 1.60
0;-AvW 11.70 4.86 12.32 3.99 2.40
0,-AvW 15.73 5.96 18.45 4.98 4.98

The spectra power or spectral analysis is computed using fast Fourier
transformation (FFT) algorithm. The averaged (over time of recording) spectra
are calculated for each EEG channel separately. EEG rhythms are expressed in
the form of spectra peaks.
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Figure 1 — Alpha asymmetry for 11-year-old girl, eyes-open condition

Asymmetry is defined as a functional difference between the left and
right hemispheres measured from absolute amplitude which exists between the
homologous electrodes located on these hemispheres [10]. It was calculated
from the equation:

P(L) - P(R)/ P(L) + P(R),

where P(L) corresponds to the alpha power of the electrode located on the left
hemisphere, and P(R) to the alpha power on the right hemisphere. These asym-
metry data were submitted to statistical analysis.

EEG asymmetry scores can be computed either as the difference
between natural logarithm (In) of EEG alpha power at the right recording site
and the left recording site (In (right) — In (left); e.g. F3/4 = In (F4) — In (F3).

Brain activity is an inverse measure of alpha power activity, meaning
less alpha power represents more brain activity and vice versa [11]. Conse-
quently left EEG asymmetry values indicate greater left relative to right brain
activity, and right EEG asymmetry values yield the opposite activity pattern.
EEG asymmetries were evaluated for mid frontal (F3, F4), lateral frontal (F7,
F8), and parietal (P3, P4) pairs of sites.

The qEEG spectra power data and data for alpha asymmetry were ana-
lysed using Statistica software (version 7.0). The results were calculated for two
condition s- eyes closed and eyes open.
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Results

A statistically significant difference was found in E.C. condition from
calculated alpha power in frontal (Fs/F4; F4/Fs), parietal (P5/Py4), temporal (Ts/Ts)
and occipital region (0,/O,).

Table 2

Difference in spectra power in alpha band for paediatric anxious patients in E.C.

Variables t-value P
Fpl vs. Fp2 0.942731 0.350352
F;vs. Fy 2.709538 0.009204*
F;vs. Fg 3.668533 0.000592*
C3vs. Cy 0.151996 0.879802
Ty vs. Ty 1.656083 0.103969
P; vs. Py 2.310308 0.025036*
Tsvs. Tg 4.098149 0.000153*
0 vs. O, 4.859354 0.000012*

*significance level p < 0.05

In E.O. no statistically significant difference was found.
Table 3

Difference in spectra power in alpha band for paediatric anxious patients in E.O.

Variables t-value p

Fpl vs. Fp2 —0.990310 0.326791
F; vs. Fy 0.144898 0.885374
F;vs. Fg 0.932772 0.355420
C;vs. Cy —0.803280 0.425615
Ty vs. Ty 0.027787 0.977943
P; vs. Py —1.34584 0.184425
Ts vs. Ts —0.810602 0.421436
0;vs. 0, —0.435178 0.665306

Alpha asymmetry was calculated using formula: P(L) — P(R) / P(L) + P(R) in 26
patients:
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Table 4

Results from alpha asymmetry in frontal and parietal regions for 26 patients

Patients | Fs/Fseo0 F4/Fg eo P3/P4 eo0 F3/F4 ec F4/Fg ec
1. 0.034 0.04 0.026 0.069 0.182
2. 0.267 0.088 —0.249 0.025 0.045
3. 0.043 0.048 —0.131 0.1 0.125
4, 0.111 0.125 —0.031 0.129 0.166
5. 0.026 0.203 0.071 0.1 0.075
6. 0.001 0.266 -0.117 0.0007 0.189
7. 0.252 0.252 -0.771 0.203 0.229
8. 0.38 0.105 —0.584 0.401 0.096
9. -0.029 0.313 —0.127 -0.062 | —0.073
10. 0.084 0.512 0.179 0.198 0.263
11. 0.075 0.092 0.117 0.054 0.053
12. 0.046 0.008 0.044 0.04 0.131
13. —-0.116 —-0.104 —-0.101 -0.121 | -0.079
14. 0.069 0.043 -0.294 0.044 0.132
15. 0.326 0.165 —-0.016 0.123 0.136
16. 0.008 0.062 0.064 0.013 0.038
17. 0.057 0.261 0.196 0.056 0.261
18. 0.029 0.025 —0.203 0.019 0.049
19. 0.098 0.196 —0.131 0.094 0.275
20. —0.086 0.119 —-0.163 0.059 0.031
21. 0.061 0.151 0.031 0.078 0.321
22. 0.007 —0.183 —0.092 0.012 | —0.053
23. 0.109 0.019 0.034 0.069 0.019
24, 0.081 0.396 —-0.116 0.044 0.365
25. 0.119 0.428 —0.163 0.084 0.202
26. 0.048 0.019 -0.16 0.02 0.057

These results showed that in eyes-open condition asymmetry was as follows:
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Table 5

Percentage of patients with right and left alpha asymmetry in E.O.

F3/F4 eyes-open condition
92.31% (24 patients) Right Asymmetry
7.69% (2 patients) Left Asymmetry

F;/F3 eyes-open condition
92.31% (24 patients) Right Asymmetry
7.69% (2 patients) Left Asymmetry

P;/P4 eyes-open condition
65.38% (17 patients) Left Asymmetry
46.15% (9 patients) Right Asymmetry

In E.C. condition the results are as followed:

Table 6

Percentage of patients with right and left alpha asymmetry in E.C. condition

F;/F, eyes-closed condition
92.31% (24 patients) Right Asymmetry
7.69% (2 patients) Left Asymmetry

F,/F3 eyes-closed condition
88.46% (23 patients) Right Asymmetry

11.54% (3 patients) Left Asymmetry
P;/P, eyes-closed condition

50% (13 patients) Left Asymmetry

50% (13 patients) Right Asymmetry

Table 7

Correlations between alpha symmetry during E.O. and E.C. conditions
(all of calculated results show strong positive correlations significant at p < 0.05)

Asymmetry F;/Fse.c.
Fs/F,e.0. r=0.74
Asymmetry F./Fge.c.
F,/Fge.o. r=10.62
Asymmetry Py/Pye.c.
P3/P4 €.0. r=0.67

Obtained results showed a strong positive correlation between alpha asymmetry
in E.C. and E.O. conditions.
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Correlations between results for alpha asymmetry and left- or righ- han-

ded side of the child.

Table 8

Correlations between alpha symmetry in E.O. and E.C. related to hand preference

CORRELATIONS RH/LH
F3/F4e.0. r =0.85
F,/Fg e.o. r=0.68
P5/Pg e.o0. r=0.31
Fs/F,e.c. r=0.68
F,/Fg e.c. r=0.85
P;/Pg e.c. r=0.21

Correlation: r = .84699

Scatterplot: R/LH vs. F3/F, eo (Casewise MD deletion)
Fy/F,e0 =-74.75 + .75000 * R/LH

2524

Fiy/F, eo

R/LH

100.8 101.0 101.2 101.4 101.6

101.8

102.0 102.2

“o__95% confidence

Figure 2 — Correlation (r = 0.85) between hand preferance and alpha asymmetry
in eyes — open condition in frontal region (F3/F )
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Figure 3 — Correlation (r = 0.68) between hand preferance and alpha asymmetry
in eyes — open condition in frontal region (F /F)
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Figure 4 — Correlation (r = 0.68) between hand preference and alpha asymmetry
in eyes — closed condition in frontal region (F /F )
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Scatterpbt: R LH vs. F7/ Fg ec (Casewnse M D dekt bn)

F,/Fg ec = -74.75 + . 75000 * R LH
orrebatbn: r = . 84699
2.
- o \ \ \ \ \ I
r 1 1 r r ot
is8 | _ PR —
o
© 1.6 -7
©
w 1.4
\r\
T8 1.2
1.0
o.8 - [ |
100. 8 101. 2 101. 6 102. O
101. O 101. 4 101. 8 102. 2
R LH

Figure 5 — Correlation (r = 0.85) between hand preference and alpha asymmetry
in eyes — closed condition in frontal region (F /F )

For the parietal region correlation is weak and statistically not signi-
ficant. However, for frontal regions correlation between localization of alpha
asymmetry and hand preference is very strong and statistically significant.

Discussion

Kropotov J. [12] found that the grand average spectra are quite symme-
trical, but it is not uncommon for a healthy individual to reveal an asymmetry at
the range of 10-50%. Asymmetry larger than 50% might be an indication of
pathology. Some researchers have suggested that approach-related positive
emotions are associated with greater left frontal brain activity and contrasting
withdrawal-related negative emotions are associated with greater right frontal
brain activity [13].

EEG studies used a specialized set of approaches for reducing raw EEG
signals to metrics that provide the correlations between frontal brain activity
and emotions. We used published methods from Allen et al. (2004), for data
processing in this field of research, with a focus on statistical and methodolo-
gical issues.
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Functional interpretation of frontal EEG asymmetry in all studies relies
upon a fundamental assumption that EEG alpha band power is an inverse mea-
sure of cortical activation underneath the recording electrode. These findings
generally support the utility of EEG alpha power as an inverse indicator of re-
gional cortical activation.

The finding that alpha band (8 + 13Hz) has been inversely related to the
activation of the corresponding region of the brain provoked Davidson (1992) to
conclude that anterior alpha asymmetry measurements reflect relative different-
ces in activity between the left and right hemispheres [4]. In general, lower
alpha power correlated with higher activation in the right hemisphere is related
to a more negative affective response.

After qEEG assessment in two conditions — e.o. and e.c. — we found
that a statistically significant difference between left and right sides in alpha
spectra power was found in frontal, parietal, temporal and occipital regions.
There is also asymmetric alpha activity associated with relatively higher right
frontal activation predominant in frontal but not in parietal (posterior) regions in
children with anxiety disorders. Right frontal asymmetry was specific for all
assessed children except for left-handed ones in the two conditions, e.c. and e.o.
For parietal regions there was no specific predominant side for alpha asymmetry
in our group of patients.

The results obtained in our study are in agreement with others who
found that EEG asymmetry of parietal sides has larger variability than EEG
asymmetry of frontal sites.

It is very important that frontal EEG asymmetry appears to serve as an
individual variable related to emotional response in emotional disorders like an-
xiety. It corresponds to the hypothesis of Kim (2006), that regulatory skills and
behaviours developed rapidly during childhood play a critical role in linking
frontal EEG asymmetries to emotional reactivity in children.

Ginette et al. (2006) found that children with relatively greater right an-
terior EEG activity at baseline manifested significantly more anxiety one year
later. It was supposed that greater relative right anterior EEG activity may pre-
dispose a person to thedevelopment of anxiety symptoms in the future. Does
this mean that alpha asymmetry in the frontal region obtained during the asses-
sment of a child with another problem can be indicative for anxiety disorder or
anxiety symptoms in future?

Santesso et al. 2006 [20], reported that children with externalizing be-
haviours exhibited significantly greater relative right frontal EEG activity at rest
compared with children with no externalizing behavioural problems. Higher
relative right-sided activity during the experience of negative withdrawal related
emotions was reported also by De Raedt ez al. in 2008 [21].
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There are few studies concerned with the correlations between alpha
asymmetry and hand preference in children. In our group for frontal regions
correlation between localization of alpha asymmetry and left — or right-handed
of the analysed children is very strong and statistically significant (r = 0.68—
0.85 p < 0.05). For the parietal region correlation is weak and statistically not
significant (r = 0.21-0.31).

This study has some limitations. First, the assessment of alpha asym-
metry was based on a relatively short EEG recording (a total of 10 min — a 5 mi-
nutes’ eyes open and 5 minutes’ eyes closed period). However, obtaining longer
recordings for children with GAD are practically impossible according to their
emotional state, especially fears and worries which are constantly present. Some
authors suggest [22, 23] that even much shorter intervals (2 minutes) provide
reliable information for further analysis. In addition, in the present study anxiety
levels were not assessed, and investigations such as correlation with frontal
EEG asymmetry remain for the future. Further, future investigations might con-
tinue to explore the relations between frontal EEG asymmetry and attachment,
as associations between cognition, emotions and psychopathology.

Conclussions

= There is a difference in the spectra power of the alpha band between
left and right hemispheres which is statistically significant in the e.c. condition
in frontal, parietal, temporal and occipital regions in children with GAD. In e.o.
condition the difference is not statistically significant.

= Right frontal asymmetry is specific to right-handed children with
anxiety disorders, especially with GAD. In e.o. conditions the percentage of
children who have right asymmetry is up to 92.31%, and in eyes-closed condi-
tions is 88.46%. Left frontal asymmetry was typical of left-handed children.
Although many authors suggested that children with anxiety have not only
frontal but either posterior right asymmetry it was not specific for our group.

= Correlations between asymmetry and hand preferance of children was
very strong and statistically significant only for frontal regions of the brain (r =
0.68-0.85; p < 0.05). For parietal sides correlation was weak and statistically
not significant ( r=0.21-0.31).
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Pe3ume

AJI®PA ACUMETPUJA BO KBAHTUTATUBHUTE EETI 3AITNCHU KAJ JTELIA
CO I'EHEPAJ/IM3BUPAHA AHKCHUO3HOCT

Hemepyuesa A., [Ton-Jopxanosa H.

0ooen 3a licuxogusuonozuja, Ynusep3zuitleiticka KIuHUKa 3a oeiticku boaeciiiu,
Ckoiije, P. MakeooHuja

ATmcTpakT: AHKCHO3HOCTA ce IeuHupa Kako cyOjeKTUBHO YYBCTBO HA
3arpUKEeHOCT, BO3HEMHUPEHOCT, CTpaB 1 Tara. Kora e MHOTY HHTEH3UBHA MOXeE J1a
BIIWjac Bp3 pa3MUCIYBAHKETO Ha JIETETO, HEroBaTa CIIOCOOHOCT fa AOHEecCyBa
OJUTYKH, TIepIENIUUTe HAa OKOJMHATa, YUSHETO W KOHIeHTpanwjaTa. Hajrome-
MAOT Gpoj Ha aHKCWO3HW HapyulyBamba MMaaT 0a3allHa HeCTaGMIIHOCT BO KOPTH-
KajHaTa aKTHUBHOCT IIPETCTAaBEHA CO MEPKUTE MOOUEHU Off KBAHTUTATUBHATA
enektpoenuedanorpaduja (QEEG).

Hayuenitiu u meitioou: TTpuMepoKOT ro counHyBaa 26 ferna u THHEjIepn
Ha npoceyHa Bo3gpacT of 11,73 + 4,03 ropuny, of aata nona. llenara rpyna Ha
TIEeAMjaTPUCKY TAIIEHTH Oellle AjarHOCTUIMpaHa KakKo TeHEePaIM3UPaHO aHKCHO3HO
napymyBathe (GAD — Generalized Anxiety Disorder). EEG-To Gelle CHUMaHO CO
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onpema 3a kBanTuduuupano EET-Mutnap ammnuguep co 19 enekrpopgu co 250
Hz cemmuunr u 0,3-70 Hz ¢peksenten panr (Orcer) BO CIEHUTE YCIOBU: OUA
OTBOPEHM M OYH 3aTBOPEHH, Off CEKoja cocToj6a Mo 5 MUHYTH.

Pesyaituaiuu u 3axaywoyu: PaznukaTa Bo cnekTpaiaHaTa MOK Ha anda
CIIEKTapOT NoMery JieBaTa 1 JleCHaTa XeMHuc(epa € CTaTUCTHIKH CATHA(PUKAHTHA
BO (DpOHTAHUTE, MapHUETAIHATE, TEMIIOPATHATE W OKIUMNHTAIHUTE PETHU BO
cocroj6a Ha 3aTBOpeHM oum. JlecHa (ppoHTanHa acmMeTpHja € crenudpuvHa 3a
mecHopakuTe. Bo cocroj6a Ha OTBOpEHH OYM NMPOLEHTOT Ha Jela KOW MaHupec-
THpaar fecHa acmMmeTtpuja € 92,31%, a Bo cocToj6a Ha 3aTBOPEHM OYU TO] MPO-
meHT ¢ 88,46%. JleBo (ppoHTanmHAa acmMeTpHja Oelmre THIMYHA 3a JICBOPAaKUTE
mena. Hue He ja moTBpAmMBMe filecHaTa acHMETpHja BO HOCTEPUOPHATE PETUH IITO
ja mokaxkyBaaT Apyru aBTopu. Kopenanuute nomefy acumeTpujaTa U JOMUHAHT-
HOCTa Ha pakara Kaj fenara Gemie muory cuiHa (r = 0,68-0,85) u craTucTHukm
curnucgukanTHa (p < 0,05) camo 3a (ppOHTATHUTE PErMH HA MO3OKOT. 3a Napu-
TalHUTE peruy Kopenanuure 6ea cnadu U CTaTUCTUYKN HECUTHA(UKAHTHIU.

Kayunn 36opoBm: reHepaim3WpaHO aHKCHO3HO HapyllyBame, KBaHTHTATHBHA
EET (enexrpoennedanorpaduja), angda cnekTpaiHa MOK, anda acuMeTpuja.
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