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ABSTRACT

Introduction: Brain rate is parameter correlated to brain electric and metabolic activity.

Aim: The aim of this study was to analyze the results obtained for brain rate parameter as an indicator
for general mental arousal in anxious patients and to compare them with results of healthy young people
matched in age and gender, as well as with anorectic and hyperactive children.

Material and Methods: The diagnosis for all examinees was made according two statistic manuals (DMS-
IV-R and ICD-10), medical history, neuropsychological assessment, biochemical analysis and QEEG.
In this study we examined the spectra power of the brain waves through quantified EEG (QEEG). The
obtained results were exported to brain rate software and then calculated for each region separately. The
QEEG spectra power data and the brain rate data were analyzed using Statistica software.

Results: According to sagittal and lateral topography maximal values of brain rate parameter were ob-
tained in group of healthy individuals and in group of anorectic patients. The lowest results were obtained
in group of hyperactive children for all three regions.

Conclusions: The general conclusion will be that pathological conditions in childhood, analyzed in this
research, can be defined as conditions of hypoarausal and this can be specific sign of brain dysfunction.
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INTRODUCTION

Mental arousal (as a general activation of the
mind) is characterizing the level of consciousness, ir-
respective of its content [Kahneman, 1973]. In 2005
we introduced a relevant parameter — brain rate (ex-
pressing the mean frequency of brain rhythms i.e.
EEG-spectrum weighted frequency) for calculation
of mental arousal [2].

Brain rate can be considered as an integral
brain state attribute correlated to brain electric, men-

tal and metabolic activity. In particular, it can serve as
a preliminary diagnostic indicator of general mental
activation in addition to heart rate, blood pressure
or temperature, as standard indicators of general
bodily activation.

In our research it was shown that as a measure
of arousal, brain rate can be applied to discriminate
between the groups of under-arousal and over-arous-
al disorders, as well as the subgroups within “mixed”
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disorders, in particular the attention deficit hyperac-
tivity disorder. Also, by comparing eyes closed and
eyes open brain rate values, the diagnosis of inner
arousal can be simply achieved.

In addition, brain rate values can be correlated
to the sleep profile, helping to assess the quality of
sleep. In biofeedback treatment, brain rate can be
efficiently used as a multiband biofeedback parame-
ter, complementary to few-band parameters and skin
conduction. Hereby, it is especially suitable to reveal
the patterns of sensitivity/rigidity of EEG spectrum,
including frequency bands related to permeability
of corresponding neuronal circuits, based on which
the individually adapted biofeedback protocols can
be elaborated.

Brain rate can be calculated by the following
formula:

h=Xrn=Ys V=2

(Where the index i denotes the frequency band (for
delta i =1, for theta 1 = 2, etc.) and Vi is the corre-
sponding mean amplitude of the electric potential
or power).

Interpretations of results of brain rate need
experience and good knowledge of specific QEEG
pattern according to age and developmental stage,
especially during childhood. As very illustrative we
will cite an example from ref. [2] that fb = 4.59 for
an adult would correspond to a very drowsy state (or
mental retardation) and a relaxed state for a child,
while fb=9.58 would correspond to a relaxed state
for an adult, and a very attentive (or anxious) state
for a child.

Starting from the assumption that different
brain rate values are somehow coupled with met-
abolic activity in different disorders, it is very in-
teresting to compare it with the same parameter of
normal (healthy) subjects. The aim of this study was
to analyze results obtained for brain rate parameter,
as an indicator for general mental arousal in young
anxious patients and to compare them with the re-
sults of healthy people on the same age and gender.
Additionally, some comparison between results ob-
tained for ADHD children and anorectic patients
will be discussed.

Generalized anxiety disorder in childhood is
characterized by recurrence of excessive, dispropor-
tionate and intrusive concerns or worries (related to
child’s performance at school, sport activities, phys-
ical health, family financial situation, catastrophes,
possible disasters) in a period of one month at the

least. Abnormalities in brain functioning in anxious
children and young patients are quite often approved
by neuroimaging techniques.

METHODS AND PARTICIPANTS

The examined subjects were divided into two
groups — patients with General Anxiety Disorder, and
control group of healthy children. The first group
comprised 40 anxious young people; mean age 12
(£3.5) years. Girls were 17 (42.5%) and 23 (57.5%)
were boys. The control group comprised 25 healthy
children, selected by chance and matched by age and
gender with the group with GAD.

All subjects were patients of the Department
for Psychophysiology at the University Pediatric
Clinic in Skopje. The diagnosis was made accord-
ing to two statistic manuals: DMS-IV-R (American
Psychiatric Association: Diagnostic and statistical
manual of mental disorders DSM-1V, 4th Ed, 1994)
and ICD-10 (World Health Organization: The ICD-
10 classification of mental and behavioural disorders.
Diagnostic criteria for research, 1993). Medical his-
tory, neuropsychological assessment and QEEG has
been realized in all examinees.

Inclusion criteria were: age between 7 and 18
years; absence of actual neurological impairment and
absence of the use of psychoactive or psychotropic
substances (screened by a previous anamnesis and
clinical examination). All subjects had normal or cor-
rected to normal vision. Informed consent for QEEG
recording has been appropriately obtained from all
participants/caregivers. Anxious group was assessed
with psychological testing comprising Generalised
Anxiety Scale-GASC and Eysenck Personnality
Questionnaire—EPQ in a single session; Subjects
were free of any medication 48 —hours before testing
and were asked to have good sleep a night before
testing. They all had to have a meal before testing
to avoid effects of hypoglycemia on the brain func-
tion. They were seated in a comfortable chair with a
backrest and were instructed not to move their eyes
during the recording.

EEG was recorded with Quantitative EEG
equipment (Mitsar, Ltd.) amplifier of 19 electrodes,
referenced to linked ears (on the International 10-20
system) with 250 Hz sampling rate in 0.3—-70 Hz
frequency range in the following conditions: 1) Eyes
opened (EO) — 5 minutes, 2) Eyes closed (EC) —
5 minutes, 3) Visual continuous performance task
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(VCPT) — 20 minutes and 4) Auditory continuous
performance task (ACPT) — 20 minutes.

The 19 electrode positions were allocated to
three sagittal regions:

\ Frontal — Fpl, Fp2, F3, Fz, F4, F7 and F8.
\ Central — T3, T4, C3, Cz and C4.
\ Posterior — T5, T6, P3, Pz, P4, O1 and O2.

The obtained results were analyzed, exported
to brain rate software and then calculated for each
region separately. The QEEG spectra power data and
the brain rate data were analyzed using Statistica
software (version 10.0). A series of repeated meas-
ures analysis of variance - Factorial ANOVA was
performed using the factors: sagittal topography
(frontal, central and posterior region), measurement
condition (EO, EC, VCPT and ACPT) and group
(disorder and controls) for spectra power values.
Additionally, post hoc Bonfferoni test was performed
to explain significant interactions of obtained data.

RESULTS

Firstly, we will present results for calculated
power spectra for anxious vs healthy children in
different positions.
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Fig 1. Delta power in sagittal topography
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Fig 2. Delta power in lateral topography

As can be seen the main difference is ob-
tained in frontal region, where children with anx-
iety had significant smaller delta power compar-
ing with healthy control.

Calculated post hoc Bonferoni test for del-
ta power shows statistical significance (Table 1).

Table 1. Summary results for post hoc Bonferoni p val-
ues for delta spectral power compared between anx-
ious and control group
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For theta spectral power in both position
significant differences between anxious and con-
trol group were obtained (p< 0,001), which is con-
firmed with post hoc Bonferoni test.
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Results are presented in mean values + SD
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Fig 4. Thetha power in lateral position
Results are presented in mean values + SD
(F=12.52; p<0.001)

Table 2. Calculated post hoc Bonferroni test for p values
for theta power
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Spectra power for alpha bend in sagittal and
lateral position is presented in Fig 5 and Fig 6.

Wik lambdas S5, A 3100 16 176, pe 00000
Efecive ihypofe s decompobion
Wil (e oenene () 545 pondgenge bl

o [P DI LK % A [T B | R |
. =

bt

e — ———1
0 = Frontal-sira
ity romaly 3- Ceriral-aipia
2 4 Posterir-aipha
Group

Fig 5. Alpha power according sagittal position
F=16.18; p<0.001)
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e oS30 Pl T 28 e Finally, obtained spectra power for beta
Efcia hypaests decsmgostion band in both positions is presented in Fig. 7 and 8.
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(F=4.70; p<0.05)

Fig 7. Spectral power for beta in sagittal position

Statistical significance of differences in (F=20.75: p<0.001)

both position for alpha spectral power between
anxious and healthy children is confirmed with R A e e et e
post hoc Bonferroni test (Table 3). e
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Table 4. Post hoc Bonferroni test for p values for beta
waves

ly significant correlation with factor group F
(3,310) = 6.14; p=0.00046 especially for midline

(oM
23 Izon.nal VS 0.000000  0.000034
5% nxious
EC vs. EO 0.000064
2 ECvs. VCPT  0.000000
2
k5]
g ECvs. ACPT  0.000000
%
ij EOvs. VCPT  0.000017
EOvs. ACPT  0.000771

VCPT vs. ACPT

As it was mentioned before, we calculated
the brain rate parameter for an anxious group in
both positions (sagittal and lateral) for measur-
ing general mental arousal.

Brain rate results for anxious patients are
presented in Fig. 9 and 10.

Wilks lambda= 88478, F(3, 310)=13.457, p= 00000
Effective hypothesis decomposition
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Fig 9. Values of brain rate fb parameter according
to sagittal topography in a group of anxious patients and
control group of healthy children (the results are presented
as Mean values £ SD F=13.46; p<0.001)

According to sagittal topography fb pa-
rameter in the anxious group has higher results
only in the frontal region. In a group of healthy
controls the results show statistically significant
higher values for central and posterior regions.

The values of brain rate fb parameter ac-
cording to lateral topography have statistical-

0.000264 0.000000 0.000866
0.000555

0.001579 0.000015
0.001870 0.002711

0.011706 0.004050

region. However, the healthy group showed a
higher brain rate (higher arousal).

‘Wilks lambda= 94393, F(3, 310)=6.1379, p=.00045
Effective hypothesis decomposition
wertical bars denote 0.95 confidence intervals
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Fig 10. Values of brain rate fb parameter according to lat-
eral topography in a group of anxious patients and con-
trol group of healthy children (the results are presented as
Mean values £ SD F=6.14; p<0.0046)

In Table 5 post-hoc Bonferroni P-values
for brain rate difference between groups, regions
and conditions (group of anxious patients and
control group of healthy children) is presented.
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Table 5. Summary of significant post-hoc Bonferroni
P-values for brain rate difference between groups, regions
and conditions (group of anxious patients and control
group of healthy children)
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In a previous research we evaluated groups
of anorectic and ADHD children using the same
methodology. For comparison with anxious chil-
dren, we show some statistical calculations of
evaluated groups.

According to lateral topography the
ANOVA/MANOVA test showed positive cor-
relation of fb parameter values with factor
group with significantly higher values in healthy
group. The higher values were obtained for the
anorectic group, followed by anxious and then
ADHD children. It means that arousal is higher
in healthy children which was not expected.

According to lateral topography, as was
showed, maximal fb parameter values were ob-
tained in anorectic group and a group of healthy
controls F =22.51; p=0.0000.
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Fig 11. Values of brain rate fb parameter according to
sagittal and lateral topography for anorexia, anxiety and
ADHD vs. control

(Results are presented as Mean values £ SD F=26.36,
p<0.001 for sagittal; F=22.51; p<0.001 for lateral posi-
tion)

According to sagittal topography maximal
/, parameter values were registered in a group
of healthy individuals F' =26.36, p=0.0000 in
central and posterior region, while in the frontal
region maximal values were received in a group
of anorectic and anxious patients. The lowest f,
parameter values were obtained in a group of hy-
peractive children for all three regions.

Post hoc Bonferoni-test was used for estab-

lishing the differences between groups according
to different regions and different conditions.
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Table 6. Summary of significant post-hoc Bonferroni
P-values for brain rate difference between groups,
regions and conditions (group of anxious, anorectic
and hyperactive patients and control group of healthy
children)

Lateral Midline Lateral
Frontal Central Posterior left right
Normal V8. 0.035903 0.004402
Anorexia
Normal vs. Axious 0.000000 0.000000 0.000602 0.000000 | 0.004262
Normal s 0.000000 0.000000 0.000000 0.000000 | 0.000000
Hyperactive
Anorexia vs. | 0.000004 0.044061 0.000406 0.000085
Axious
2 .
= Anorexia V8- 10.004850 0.000000 0.000000 0.000000 0.000069 | 0.000000
Hyperactive
£y Axi
2 X10US V8. 0.000044 0.000000 0.000001 0.041795 | 0.000004
G} Hyperactive
EC vs. EO 0.006212 0.000000 0.000000 0.000000 | 0.000001
EC vs. VCPT 0.014808 0.000000 0.000131 0.000000 | 0.001054
EC vs. ACPT 0.005622 0.000000 0.000005 0.000000 | 0.000043
2 EO vs. VCPT 0.014948
Q
&=
(0]
£ EO vs. ACPT
%
5
O VCPT vs. ACPT

In this research we started from the hy-
pothesis that anxiety behavior which is basic
for all three conditions (anxiety, anorexia and
ADHD) can be the result of excess in beta activi-
ty. Accordingly, we expected that the results will
suggest the condition of hyperarousal in exam-
ined patients vs healthy controls. The obtained
results were opposite — we received low spectral
power for all four bands (delta, theta, alpha and
beta), especially for slow bands which could be
assumed as specific marker for brain dysfunc-
tion. In general, the highest results for brain rate
parameter were obtained in a group of healthy
children and the lowest results for the group of
hyperactive children.

The general conclusion which follows is
that pathological conditions in children analyzed
in this research, can be defined as conditions
of hypoarausal and this can be specific sign for
brain dysfunction. However, we must be aware
that results obtained with QEEG and brain rate
computing are just the framework for further sci-
entific investigation. However, every child is in-
dividual story and the treatment must be adjusted
according to the individual results and individual
based protocols.

Brain rate parameter according to sagittal
topography has higher values for anxious group
only in the frontal region related to increased
mental tension. As it is known, anxiety is defined
as a subjective sense of worry, apprehension, fear
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and distress. When severe, it can affect a child’s
thinking, decision-making ability, and percep-
tions of the environment, learning and concen-
tration. Basal instability in cortical arousal, as
reflected in measures of quantitative electroen-
cephalography (QEEG), is common in most of
the anxiety disorders. According to Clark et al.
resting electroencephalographic (EEG) measures
tend to correlate with symptom sub-patterns and
be exacerbated by condition-specific stimulation
[5]. There is not much literature for detection of
the anxiety states through EEG, and they are
considered as complex emotional states [6,7].

Additionally, we analyzed the results be-
tween the groups according to sagittal topography
and maximal values of brain rate parameter were
obtained in a group of healthy individuals in the
central and posterior region. Only for anorectic
and anxious group of children we received statis-
tically significant higher brain rate values in the
frontal region which probably explains increased
mental tension, because the frontal region con-
tains most of the dopamine-sensitive neurons in
the cerebral cortex. In the frontal region the max-
imal values were obtained in a group of anorec-
tic patients — F (9, 1416.6) = 26.36; p=0.0000.
According to the lateral topography again, the
maximal values were obtained in a group of ano-
rectic and healthy individuals. The lowest results
were obtained in a group of hyperactive children
for all three regions — F (9, 1416.6) = 22.51 p
= 0.0000. According to the conditions the maxi-
mal brain rate parameter values were obtained in
eyes closed condition which reflects the state of
“inner-arausal” already noted in previous stud-
ies of Pop-Jordanov and Pop-Jordanova [19] and
Cooper et al. [20].

We started from the assumption that dif-
ferent brain rate values are somehow coupled
with metabolic activity in the brain region. Low
metabolic activity specific for mental disorders
is the explanation for lower values of brain rate
in comparison with healthy controls.

According to all these findings about the
meaning of some EEG markers in the assessment
of brain functions in the childhood we would like
to promote the brain rate — fb as an indicator of
general mental activity which can allow us to put
the analyzed groups in the group of underarousal
disorders. Of course, further research is needed.
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Pe3ume

IMAPAMETAPOT BRAIN-RATE KAJ JEITA
CO I'EHEPAJIN3UPAHO AHKCHUO3HO PACTPOJCTBO

Anera Jlemepyuuena' u Hana ITon-Jopaanosa?

' Aunbanem Cucruna, Cxorje, Penyonuka Makegonuja
2 MakenoHCKa akaJieMuja Ha HaykuTe 1 yMmeTHoctute, Ckomje, Penyonuka Makenonuja

Bogen: Brain rate npercraByBa nmapaMeTep KOpeJarpaH co MeTaboJIHATA U eICKTPUYHATA AKTUBHOCT
HA MO30KOT.

Heun: Lenta Ha HCTpaXKyBameTO € J]a ce MpecMeTa U Jia ce CIOPEIr mapaMeTapoT brain rate Kako
WHJ/IMKATOP 3a OMIITara MO304Ha BO30Y/ICHOCT Kaj AaHKCHO3HH TTAIUEHTH U PE3YATATHTE J]a CE CIIOPEIaT Co
OHHE Kaj 37paBH, KaKO U Kaj JIeIa CO aHOPEKCH]a U ACPUITUT Ha BHUIMAHHUETO.

Marepujan n metoa: /lujarnosara kaj cuTe UCIUTAHUIM € TIOCTaBeHa BP3 OCHOBA HA JIBa CTa-
tuctnaky npupadnuim (DMS-1V u ICD-10), MegunuHCcKara KCTOPHja, HEBPOIICHXOJIOIIKATa MPOLeHa,
ounoxemuckute ananu3u u QEEG. Bo oBaa cTyauja e ucnutyBaHa CrieKTpajiHaTa MOKHOCT Ha MO30UHUTE
OpanoBu npeky kBantutaruBHo EEI. JloOnenure pe3ynTaru ce eKCropTUpaHu Bo codTBep 3a brain rate u
IpecMeTyBaHu 3a cekoj perroH noceoHo. [Tonarounte onq QEEG u brain rate ce ananu3upanu co Kopuc-
TEHE Ha CTATUCTUYKH COPTBEP.

Pesynraru: Criopen caruranHara M jiaTepajiHara Tonorpaduja, MaKCUMajaIHH BPEJHOCTH Ha mapa-
MeTapoT brain rate ce J00MEHH Kaj TPYNUTE 3/ApaBH UCIIMTAHUIM U Kaj OHHE CO aHopekcuja. Hajaucku
pe3ynTatu ce J0OMEHH Kaj XUIIepaKTUBHUTE Jella BO CUTE TPH PETHOHH.

3akaydok: ONmT 3aKITy4OK € JIeKa CUTE MATOJIONMIKA COCTOjOM BO JIETCTBOTO (0OCOOCHO aHKCHO3-
HUTE) aHAIM3UPAHU BO OBA HCTPAKYBAKE MOXKE Ja ce IeUHUPAAT KaKo COCTOjOM Ha CMaJicHa MCHTAJTHA
BO30YICHOCT, IITO MOXeE Jla Oujie creruduueH 3HaK 32 MO304Ha JUChYHKITH]a.

Kayunu 360poBu: QEEG, brain rate





