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SUMMARY

INVESTIGATION OF EEG SIGNALS OF PANIC DISORDER PATIENTS
DURING DIFFERENT AUDITORY STIMULI

Pmar KARAMIKOGLU

Biomedical Engineering Program
MSc Thesis

Advisor: Assist. Prof. Dr. Saime AKDEMIR AKAR

The aim of our study was investigating distinctive features between panic disorder
patients and controls based on EEG signals with the help of advanced engineering
methods. In this study, EEG data were recorded from patients with panic disorder and
healthy individuals during resting, disturbing, and relaxing auditory stimulation periods.
Two type of auditory stimulus were used. Recorded were decomposed into sub bands
such as alpha, beta, delta and theta with using Wavelet Decomposition (WD) and
Shannon Entropy (SE) and these values are calculated in each sub-band, and these
values were compared with the values of healthy controls. After signal processing,
Independent t-test was used to compare extracted features in patient and control groups
and Paired Sample t-test was used to compare feature differences between sequential
periods in each group. In addition, the proposed project with the methods and
perspectives may lead to other studies related to different psychiatric disorders.

Keywords: Panic disorder, EEG, Wavelet Decomposition, Shannon Entropy, Auditory

stimuli, Statistical analysis.
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OZET

FARKLI ISITSEL UYARANLAR SIRASINDA PANIK
BOZUKLUGU HASTALARININ EEG SINYALLERIN
ARASTIRILMASI

Pmar KARAMIKOGLU

Biyomedikal Miihendisligi Programi
Yiiksek Lisans Tezi

Danisman: Yrd.Dog. Dr. Saime AKDEMIR AKAR

Arastirmamizin amact EEG sinyallerine dayanarak panik bozukluk hastalar1 ve kontrol
grubu arasindaki ayiric1 6zelllikleri, ileri mithendislik metodlar yardimiyla arastirmaktir.
Bu calismada, EEG datalari, saglikli bireyler ve panik bozuklugu olan hastalardan
dinlenme, rahatsiz edici ve rahatlatic isitsel uyaranlardan olusan periyotlar sirasinda
kaydedildi. Iki tip isitsel uyaran kullanildi. Kaydedilen sinyaller dalgacik doniisiimii ve
shannon entropi kullanilarak alfa, beta, delta ve teta gibi alt bantlara ayrildi ve saglikli
kontrollerin degerleri ile karsilastirilan bu degerler her bir alt bantta hesaplandi. Sinyal
islemeden sonra, hasta ve kontrol gruplar1 arasinda ¢ikarilan 6zellikleri karsilagtirmak
icin bagimsiz t-testi kullanildi ve her bir grupta ardisik periyotlar arasindaki 6zellikleri
karsilastirmak icin eslenik t-testi kullanildi. Ek olarak, 6énerilen metodlar ve yontemler
ileride yapilacak olan psikiyatrik rahatsizliklarla ilgili ¢alismalara bir 6rnek teskil etme
amaci tasimaktadir.

Anahtar kelimeler: Panik bozukluk, EEG, Dalga analizi, Shannon Entropi, Isitsel

uyaranlar, Istatistik Analiz.

FATIH UNIVERSITESI -BIYOMEDIKAL MUHENDISLIK ENSTITUSU
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CHAPTER 1

INTRODUCTION

1.1 Purpose of the Thesis

To diagnose panic disorder, there are not any laboratory tests or radiological images.
The aim of our study was investigating distinctive features between panic disorder
patients and controls based on EEG signals with the help of advanced engineering
methods. Experts mostly are grading with different scores, so it causes a problem to
decide about disorder for the patient. Therefore, in this thesis it is aimed to look for
electrophysiological methods to diagnose panic disorders. It will help to understand the

degree and treatment of panic disorder.

1.2 Thesis Overview

In Chapter 1 some brief information about panic disorder, purpose of the thesis and

what chapters include are summarized.

It is described what mental disease is and panic disorder which is one of its sub
branches, some information about panic disorder such as classification and defining

feature, diagnosis, treatment, etiology and epidemiology in Chapter 2.

Chapter 3 includes the methodology study of this study. How signals were collected
from subjects, procedure of data collecting, measurement system, information about
EEG, signal processing, transformation, and analysis methods were explained with
details.

The results part are included in Chapter 4. Analysis and statistical results of the study
were explained briefly. Graphs and tables were used to give detailed information. The
discussion part, some recommendations were given and the thesis were concluded In
Chapter 5.



CHAPTER 2

2.1 Psychiatric Disorders

The World Health Organization (WHO) decribes to be healthy in its own constitution,
"Health is only not lack of disease and mal formation, it is well-being of body, soul and
social aspects. Despite all this, mental health and mental disorders are a large part of our
world as important as physical health [4]. Mental illness affects about 450 million
people each year and it is a cause of four diseases of the 10 most important illnesses
which are caused to disability. The rate of this continuous growing disease cause
poverty, disability and economics loses. Mental and behavioral disorder are 12% limit
of the global disease [5]. Epidemiological data shows that psychiatric disorders are
common illness in the society. Anxiety disorders [6], depressive disorders and abuse of
alcohol or other substances are common psychiatric disorders in the developed western

countries [5].

Today, many psychiatric disorders are the fact that it is a brain disease. Very large rate
of population are neglected or ignored. As a result of this position, the most of disease
has missing treatment because of increasing of mental disorder. Small part of this

population can reach the true therapy [4].

DSM (Mental Iliness of Descriptive and Statistical Reference Book) and ICD (World
Health Organization Mental and Behavioural Disorders Classification) are used for

diagnosis in psychiatry. According these, mental illness are categorized and clustered

[7].

2.1.1 Anxiety Disorder

The mean of anxiety is derived from anger is meaning that “blockage”,”get tight”and
“drowning”. Another conception is fear that is mentioned with anxiety. Fear is a term
from German. The word of origion in this language means waiting, to lie in ambush and
attack [8].



Anxiety is the sense which is similar to the fear and people have this feeling
occasionally. The person perceive as having bad news, living disaster lack of reason, a

non-specific distress and feeling anxiety [9, 10].

Anxiety is sophisticated and widespread disorder. It is related with crucially morbidity
and social cost [11]. Anxiety disorders are more current in women than they are in men
[12] and the lifetime prevalence of anxiety is 13.6% in Europe [13]. Actually anxiety is
pathological condition that partners’ somatic symptoms are based on hyperactivity of
the autonomic nervous system. Actually anxiety is pathological condition that partner’s
somatic symptoms are based on hyperactivity of the autonomic nervous system. It
separates from fear in response to the cause [14]. Anxiety is limited expectation of

danger unlike scare [15].

2.1.2 Symptoms of anxiety

It is under two headings are physical and psychological in symptomatology. Tremors,
chills, back and headaches, muscle tension, hyperventilation, fatigue, startle response,
flushing and fading, tachycardia, palpitations, sweating, cool hands; diarrhea, dry mouth
dryness, frequent urination, paresthesia and difficulty in swallowing are physical
symptoms. Psychological symptoms include a feeling of fear, difficulty in
concentration, hypervigilance, insomnia, decreased libido, knotted feeling in the throat
and stomach are feeling contractions. Psychological symptoms include a feeling of fear,
difficulty in concentration, hypervigilance, insomnia,decreased libido, knotted feeling in

the throat and stomach are feeling contractions [14].

Anxiety is most comman disoder in population. Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) restructured the anxiety disorders into these

groups:
Anxiety disorder;

> Panic disorder

> Generalized anxiety disorder

> Social anxiety disorder

Y

Agoraphobia

Y

Specific phobia



> Separation anxiety disorder

> Selective mutism

> Substance/medication induced anxiety disorder

> Anxiety disorder due to another medical condition [16].

Panic disorder is described is common disease as a person consult to healty care is in
between first step. Panic disorder is distinguished as new category from anxiety
neurosis by Klein. He distinguishes panic attacks which respond to imipramine is
tricyclic antidepressant and generalized anxiety which not respond to imipramine.
Based on this distinction, panic disorder is categorized. This is pharmacological
dissection [17].

2.2 Panic Disorder

Panic (Panikos) word is derived from Pan of Greek God. In encyclopedia, it defined as
horror, fright without rational reason in person or a community. The upper body of Pan
is human; the lower past is god of herds of goats. It’s fear appearance cause the escape

of nymphs of water and forest [18].

Anxiety disorders, the most current psychiatric conditions. This disorder is huge part of
scientific researchs. All the same, panic disorder is the best-studied anxiety disorder. It
has high rate of lifetime prevalence [19, 20]. Panic disorder is based on either biological
or psychological disease [21]. This is related with increased risk under the anxiety
disorder [22].

Patients with panic disorder develop an icrease awareness and fear againts some
variations unlikee another anxiety disorders. In patients with panic disorder, sensitivity
of anxiety loses for late time or it never loses. The lack of get used to worry is said in
patient. Normal person as physiological get used the stimulus of anxiety, but panic
disorder patient is not [23]. It is a common psychiatric illness that causes noteable short-
and long-term morbidity [24]. This disorder is associated with important escalation in
life quality and psychosocial conditions [25]. Panic disorder is usually onset between
pubescence and 30 years. The avarage of onset age is 25 [26]. Panic disorder is very
effective illness. It affects up to 5 % of the population [19]. Panic disorder is related
with of a high percentage of social, physical and vocational disability secondly being
health complaints [27].



On the other hand, panic disorder is uncomfortable situtation of anxiety life. It can be
acute or intense experiences. It is acceptable appearance psychological of panic and its
attack related with behavior about escape. The reason of escape is to release panic
attack. Patients can escape. At the same time panic disorder patients can not escape.
Instead of escape, they can walk or talk at the al time. This anxiety is usually
anticipatory type. It reason general arousal state of continuity in patient with panic
disorder [8].

Panic attack is criteria for panic disorder. PD consists of unexpected attacks [28]. It
must occur more than 1 month of subsequent worry about another attacks, or behavioral
changes related to the attack according to the Diognosis and Statistical Manual of
Mental Disorder, Fourth Edition [29]. These attacks have anxiety, fear, autonomic and
respiratory symptoms. When the patient have panic attacks, they show respiration
problem [28]. Actually, The Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5), have no important changes. Panic attacks change into 2

categories which are expected and unexpected attacks [16].

Physiological things are symptoms of general anxiety. These attacks may takes from ten
minutes to several hours. Time and place are not determined. After attack, patients
sense profound fatigue and weakness. On the other hand some patients may sleep for

hours. Nocturnal panic atttacks awaken the person from sleep [30].

Panic disorder is heterogen disease which has panic attacks class noctural, respiratory,
vestibular, cognitive and fearless according to different symptom clusters [31]. Noctural
Panic attacks which increases the severity of the disease [32]. The respiratory subtype
of panic atttacks is shortness of breath, chest pain, fear of death, choking sensation,
numbness [33]. Panic attacks that to put patient out about professional and social

functioning occur for 15-20 minutes. It sometimes goes on approximate a hour [34].

2.2.1 Etiology

The reason of panic disorder is not defined. This is accepted the product of
psychological, behavioral, and biological forces. It is combined stress and conflict. This

disorder is genetically influenced.

It is related with biological condition strongly. Figure 2.1 shows that brain structure
change in patients with panic disorder [35, 36]. The amygdala is known to have 13
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nuclei. It is categorized into 3 groups which are lateral, basal and central subregions
[37]. A nucleus of the amygdala is separeted into groups are laterobasal subgroup,
centromedial subgroup, and cortical subgroup. These are related with fear [38]. The
lateral subgroup receives information from the cortical and subcortical areas, the basal
subgroup inter-connects the lateral and central subgroups, and sends the output to the
cortical areas, and the central subgroup conveys the information to the brain regions
including hypothalamus and periaqueductal gray [38]. The laterobasal and central
subgroups are also connected with bed nucleus of the stria terminalis, which also

projects to hypothalamus, cerebellum, and brain stem areas [3].
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Figure 2.1 Schematic diagram of inputs to outputs from the amygdala,
relevant to panic disorder pathogenesis [2, 3]

The relation is occurred in the locus caeruleus, B-aminobutyric acid (GABA) system
benzodiazepine receptorcomplex, septohippocampal region, and ventromedullary center
[39]. In central nervous system, 50 % of noradrenergic receptors are the locus caeruleus.
When this area is stimulated, sympathetic arousal and an outpouring of catecholamine
are generated. It is one of panic disorder symptoms [40]. GABA is a neurotransmitter.
This neurotransmitter reduces excitability of neuron. GABA has a result hyperpolazition
of neuron. It reduces in anxiety. Benzodiazepines are effective for GABA. They
improve the action of GABA. So it produces a calming influence [41]. The
septohippocampal region supply to moderate input from external and internal

environments. Mismatch of a input cause activity inhibition [42].

Septohippocampal region may be hypersensitivity in panic disorder patients. The
mismatch between the right and left parahippocampal regions is found for panic



disorder patients according to the tomography studies. On the other hand, it isn’t found

in patients lack of panic disorder [43].

In patient with panic disorder, positron emission tomography represent of increasing of
flow of the right parahippocampal region and reducing of serotonin type 1A receptor
binding in the anterior and posterior cingulate [44]. Magnetic resonance imaging (MRI)
evidence panic disorder patients have smaller temporal lobe voliime despite normal

hippocampal volume [45].

Some studies show that, chronic hyperventilation and carbon dioxide receptor
hypersensitivity cause panic disorder [46]. A significant blood-barrier that is responsible
for PCO2, pH, and acetate levels is not found in the ventromedullary center in the
blood. The sensivity of carbon dioxide and lactate levels is very great in panic disorder
patients than the person lack of panic disorder [47].Panic disorder is the anxiety
disorder. It is best-showed passage of genetic according to studies having a panic
disorder.

In first and second kinds of panic disorder patients defined 4 or 10 times [48]. It is
genetically inherited neurochemical dysfunction. The genetic rates are estimated to 0.3
% to 0.6 %. According to the segregation analyses, there is no distinct deoxyribonucleic
acid (DNA) linkages are known. All the same time, some chromosomal regions like
13q, 14q, 22q, 4931- g34 and probably 9g31 are related with phenotype of panic
disorder according to the genetic studies [49]. On the other hand, culturel and
unfavorable environment may be effect having a panic disorder in addition to genetic
factors [48].

2.2.2 Natural History

Panic disorder has varies stage. These are six stages. Chronicity is generally found in
this disorder [50].

Some panic disorder patients may stay in one stage, whereas other patients may
progress rapidly through all six stages. Half of the patients stay in stage 1 that is limited-
symptom attack. These patients show less than the four signs needful for diagnosis of
panic disorder. The other half of panic disorder patients are in stage 2. This stage has

panic attacks. In stage 2, patients have four or more of the symptoms according to



researchs, the patients are in stage 1 and 2, properly treated and the panic disorder is
less likely to progress [51].

The third stage of this disorder is hypochondriasis. A patient in this stage, concerns
about medical illness, despite medical assurances. The panic attacks may depend on
with environmental stimuli. It is determined as phobic avoidance behavior. This is
known as phobic avoidance behavior. Driving car, going to stores or shopping malls are
the most frequent fears 19. The phobic avoidance like agoraphobia improve in stage 4
[52]. The other stage is 5. Some phobic behaviour develops in this stage. The patients
are in this stage, may become housebound. The final stage is 6 that is secondary
depression. It is believed to result from progressive disability a demoralization [53].

2.2.3 Classification and Defining Features

Panic disorder is characterized by recursive, unexpected panic attacks. Three or fewer
symptoms determine limited-symptoms attacks whearas four or more of the symptoms
describe the full-blown attacks in Table 2.1. The frequency and intensity of panic
attacks vary among patients. Table 2.2 defines the three types of panic attacks found in

patients which have panic disorder [29].

Panic attacks can be seen in many cases disease like panic disorder [54]. But for
diagnosis of panic disorder, panic attcaks progress spontaneously and it must be
repetitive. These attacks look like showing escape or war reaction of patients. But really

and trigger stimulation is absent for panic attack [55].
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Table 2.1 Symptoms of panic attack

Symptoms of panic attack;

A panic attacks ocur spontenously. They reach a peak within 10 minutes lack
of hazard. The four or more of the following symptoms ocur during attack:

palpitations, pounding heart or accelerated heart rate

sweating

trembling or shaking

sensation of shortness of breath or smothering

feeling of choking

chest pain or discomfort

nausea or abdominal distress

feeling dizzy, unsteady, light-headed or faint

derealization(feeling of unreality)or depersonalization(feeling of being
detached from oneself)

e fear of losing control or going crazy
o fear of dying
e chills or hot flushes

Table 2.2 Major three types of panic attacks

Situaitionally Almost always A patient who Frequent in panic
bound occurs always panics | disorder.Experienced
(cued) nearlyupon when in a by the majority of
Panic encountering, crowded patients with social

shopping mall | and specific phobias
Frequent in panic
Situationally Often, but not | A patient who is disorder.
predisposed always, occurs more likely to Experienced by
panic in response to a panic when many patients
situational cue standing in a with generalized
supermarket line | anxiety disorder and
post-traumatic stress
disorder
Unexpected Appears (to the A patient who Necessary for
panic patient) to occur | panics but can’t diagnosis of panic
spontaneously or identify any disorder
‘out of the blue’ trigger for the
attack
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Panic disorder generally co-ccurs with agoraphobia [56]. Panic disorder with or without
agoraphobia tell the concept of an acquired fear of bodily sensations, particularly
sensation related with autonomic arousal [57]. It associated with significant escalation
in quality of life [58]. Table 2.3 defines the DSM-IV diagnostic criteria for panic
disorder. The panic attacks must not based on only effects of psychoactive substance
(intoxication or withdrawal), medication or a general medical condition (e.g.

hyperthyroidism, vestibular dysfunction).

Panic disorder with agoraphobia (PDA) is a very psychosocial problem for individuals
and society [59]. Panic disorder lack of agoraphobia (PD) is characterized by recurrent
panic attacks and panic disorder with agoraphobia (PDA) includes besides these attacks
avoidance of their triggering situations. Panic disorder with agoraphobia may start with

the panic attacks.

Table 2.3 Diagnostic criteria for panic disorder and agorafobia [29]

Diagnostic criteria for panic disorder and agorafobia
Panic disorder;

e One or more full-blown panic attacks, occurring in the absence of real hazard
e The attacks are not due to a general medical condition
e Attacks are followed by a month or more of any of the following:
= insistent worry about having more attacks
= worry about the influences or consequences of the attacks
= behavioural changes as a result of the attacks (e.g. avoidance
of work or school activities)
Agoraphobia;

e Anxiety about being in places or situations from which escape might be
difficult or embarrassing

e Avoidance of a wide range of situations, including:
= being outside the home
= being alone at home
= Dbridges
= elevators
= travelling by car, train, bus or aeroplane
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2.2.4 Epidemiology

The prevelance rate of panic disorder is very high in community [60]. A trouble factors
are in the course of panic disorder prevalance rate of 3.5 % [61]. PD without
agoraphobia has 3.7% prevalence rate, and PD with agoraphobia has 1.1% prevalence
rate. The prevalence of panic disorder is high. Despite this prevalence, it is relatively
low in community. It is nearly 2.7% for 12 month. The prevalence rate of primary care

in society substantial higher. It is raughly 6.8% [62, 63].

Panic disorder is effective raughly 1-5% of adolescents [20]. Panic disorder (PD) is a
prevalent anxiety disorder affecting 1-8% of the U.S [64]. Panic attack’s prevalance
rate is 3.5-6 %.

Panic disorder has generally with mood symptoms and mood disorder. For example
prevalence rates of major depression may be as much as 50-60% lifetime. Panic
disorder may share important comorbidity like chronic obstructive pulmonary disorder,
irritable bowel syndrome, migraineheadache, obsessive-compulsivedisorder, restlessleg

syndrome, fatigue, specific phobias, social phobia and agoraphobia [65, 66].

Cardiovascular disorders like mitral valve prolapse, hypertension, stroke are also
comorbidities with panic disorder [67]. Panic disorder patient with coronary disease,
they may have myocardial ischemia during panic event [68, 69].

Panic disorder bring back sudden death [70]. However, 30 % panic disorder patients
have chest pain and normal finding on angiograhy. 5-40 % of patient with asthma have
panic disorder. 15% of patients with headache, 20% of patients with epilepsy, and 10%
of patients in primary care settings have also panic disorder. Additionaly, panic disorder
patients have low oxygen consumption and low exercise tolerance together with general

population [71].

The rate of substance abuse with panic disorder in patient is 7-28 %. The risk is 4-14
times greater than normal population. The 8-15% people who are in alcohol treatment
program have panic disorder. Pregnant woman may have panic disorder like preterm
labor and infants of smaller birth-weight for gestational age [72]. Women effect from
panic disorder than men. The prevalence estimates is 0.7 % for women, on the oher

hand it is 0.3% for men at one-month time. Panic is more widespread than men and
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women who are pregnant or during the postpartum period have lower panic than normal
situtation. But it is less current during pregnancy. Panic disorder can occur any age in
people. Especially it generally develops between 18- 45 ages. If the onset age of panic
disorder is late, people have lower comorbidity, hypochondriasis. They have better

handle than panic disorder occurs in early age [73].

2.25 Treatment

Panic disorder is very serious problem and it undermines the quality of life of
individuals. In recent years, there are wide studies about pathophysiology and treatment
of panic disorder. In result of these studies, effective method occur for panic disorder
[74]. Before 1980s, treatment wasn’t usually effective. Three-quarters of patients could
not get well [75].

General anxiety disorder and panic disorder require long-time treatment. Although after
a long-time treatment, symptoms of disorder may go on persistently [34]. Patient
education, behavioral therapy and pharmacologic therapy are avaliable for treatment of
panic disorder. Psychotherapy effect is not indicated for treatment of panic disorder
[76].

Before starting treatment; doctor should listen, supply a common terminology between
patient-doctor. Details of disease is given to patient and doctor should give information
of side-effects, if the pharmacological treatment is applied to patient [77]. The
psychopharmacological treatment has some phase according to some studies up to date

and experiences of clinicians. These are;
1. Acute phase of treatment,

2. Stabilization phase,

3. Maintenance phase,

. Acute phase of treatment: This phase includes elimination of panic attacks, decreasing
anxiety and phobic complaining significantly and furthering the highest good condition
to patient.

2. Stabilization phase: This phase takes 2-6 months. The main goal is to prevent patients
from environment can be created attacks and behaviour of avoidance. In a result, to

reach the patient healty life is aimed.
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3. Maintenance phase: When the patient responds to acute treatment, sustaining the
treatment for a few months is ectremely important. This phase supply to toughen
benefits which gained in acute phase, isolation of social life and get over to behaviour

of avoidance [34].

Cognitive-behavioral therapy (CBT) or one of four types of medications are approved in
the American Psychiatric Association’s treatment guidelies for treatment of panic
disorder [78]. Years have shown that CBT is an effective treatment for panic disorder
[79] that is with agoraphobia or without agoraphobia [80]. It includes interoceptive
exposure is the psychological treatment of choice for panic disorder [27]. This
treatment is most widely used for mental disorder like panic disorder according to more
than 50 years [81]. However sometimes CBT may not be effective because of some
reasons which are long distances for weekly appointment in rural areas. This extra
travel time may create some problems like financial and rejection to the treatment [82].
At the same time the general and specific neurobiological effects of CBT are still

widely unknown [83].

Additionally pharmacotherapy may also be beneficial for panic disorder despite not
producing significant utility of the combination of cognitive-behavioral treatment with
medication, either treatment alone [84]. That is to say cognitive—behavioral
psychotherapy and pharmacological options are therapeutical strategies. Serotonin
reuptake inhibitors (SSRI), serotonin noradrenalin reuptake inhibitors (SNRI), tricyclic

and benzodiazepines [85].

Drug treatment is effective for panic disorder patients in the short-term. It is nearly 6-8
weeks. Benzodiazepines and antidepressants have been established for treatment. Effect
of long-term drug treatment is not adressed. Most data is based on benzodiazepines for
long-term efficieny. Effects of triazolobenzodiazepine, alprazolam are reviewed
together with some other effective drugs like clonazepam. On the other hand tricylic
antidepressants are also effective for a long-time treatment of panic disorder.
Monoamine oxidase inhibitors is not clearly determined[86]. On the other hand, some
drugs are used with together, that time the efficiency can occur like using tricyclic
antidepressants and monoamine oxidase inhibitors which have blocking panic attacks
for treatment of panic disorder and agoraphobia [87]. Actually lately, drug treatment
which is based on benzodiazepines is not effective for treatment of panic disorder

with/withoutagoraphobia. As noted tricyclic antidepressantsand monoamineoxidase
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(MAO) inhibitor antidepressants are effective beside benzodiazepines which are best-
known [88]. Benzodiazepines were used for limited efficiency until using alprazolam
that is most widely used benzodiazepines. It is approved for panic disorder in United
States. Clonazepam is high-potency benzodiazepines like alprazolam. At the same time
it is used for generalised anxiety disorder. However it is effective during sedation
daytime [89]. Lorazepam and diazepam are less potent agents. They may be effective
using with higher doses to be antipanic agents [90]. When the benzodiazepines are used
for long-term treatment, their doses should be increased to treat panic and agoraphobic
disorder. If benzodiazepines are used for short term treatment, they are useful for
anxiolytic or hypnotic purposes. Benzodiazepines also produce a variety of side effects.
They are sedation, reduced coordination, and impaired cognition which change

according to quantity of dose and duration of treatment [91].

2.3 Panic Disorder and Electrophysiology

Psychiatric conditions derived from psychological processes [92]. Anxiety disorders are
related with an increase in cardiovascular mortality. Researches prove increased heart
rate (HR) and QT interval variability and a relatively increased sympathetic function in
anxiety [93]. Anxiety disorders like panic disorder have abnormalities autonomic
control [94]. Panic disorder patients have panic attacks. These attacks are related with
several autonomic symptoms, chest pain, heartpounding, tachycardia, and shortness of
breath. These conditions are associated with autonomic dysfunction. Recent studies
show that this relationship increase risk and anxiety cause death and cardiovascular
mortaliy [95]. EEG signals reflect the collective activity of brain cells. Generally EEG
signal occur with four main waves which are alpha waves (8-13 Hz), beta waves (13-30
Hz), delta waves (0-4Hz) and theta waves (4-7 waves). These waves in EEG, show any
pathological condition about brain [96]. Since the 1980s, a high rate EEG abnormality
has been reported for patients with PD. It is approximately 15-30% [97, 98]. Brainstem
evoked potentials (BEP) and event-related late evoked potentials are studied in panic
disorder with EEG. So far the studies show that brainstem and limbic region are related
with occuring panic disorder [99]. Topographic EEG abnormalities are widespread in
patients with panic disorder and they don’t focus on single part. These neuroelectric
finding are related with brainstem in subcortical region [100]. However EEG studies in

panic disorder show brain abnormalities but exactly structure of brain can not be stated
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[101]. 29% non-epileptic EEG abnormalities are found in other study, and these
abnormalities of limbic system are proven in MR [101]. Abnormalities of EEG are
related with temporal lobe show the parahippocampal asymmetry in PET [102]. Lepola
and his friend prove that panic disorder patients have 24% non-epileptic EEG
abnormalities [103]. EEG abnormalities can be found in panic disorder patients. Stein
and Uhde states 14% EEG abnormalities which are not epileptic in patient with panic
disorder [97]. Beauclair and Fontaine determine EEG abnormalities that are epileptic

Y4 of patients with panic disorder [104].
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CHAPTER 3

MATERIAL &METHOD
In this section, information about subjects, the procedure of research such as

Process of experiment, auditory stimuli, EEG registration and signals processing

methods are included.

3.1 Subjects

10 patients were taken from Bezmialem Vakif University Faculty of Medicine
Department of Psychiatry and controls were taken from people of Fatih University. The
protocal was approved both university and Bezmialem Vakif University Faculty of
Medicine. Made for this study was Bezmialem Foundation ethical approval from the
university. (Appendix A). 10 patients who are diagnosed with panic disorder according
to DSM-IV criteria and the patients were diagnosed and evaluated by Dr.Erdem Deveci.
Ten age-matched control subjects were involved for this study as shown table 3.1.
Volunteers signed concent form to participate this experiment. (Appendix B).
Volunteers filled the questionnaire of sociodemographic characteristics (Appendix C),

Beck Anxiety Scale Test (Appendix D) and Beck Depression Scale Test (Appendix E).

Table 3.1 Demographics and self-report measures of subjects

Features Panic Disorder Patients Controls
Number 10 10
Male/Female 4/6 6/4

Age (Mean+SD) 33+14,61 30.1+6.20
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Inclusion Criteria:

o Between 18 — 55 years old
o Diagnosed with PB according to DSM-IV

o Giving written, informed consent
Exclusion Criteria:

o Having any other mental disorders

o Having pathological, endocrinological, cardiovascular disorders

o Psychotropic medication usage

o Cardiovascular medication usage

o Having head trauma or other neurological disorder

o Having cardiac pacemaker or any device that affect cardiac autonomic function
o Having substance abuse disorders (including alcohol abuse)

o Having hearing loss

o Being pregnant or lactation period in females

o Epilepsy history about patient or among relatives

3.2 Procedure and Auditory Stimuli

The EEG signals were recorded between 9.00 AM and 17.00 PM. In order to get the
good quality data quiet and illuminated room is provided at Bezmialem Hospital,
Department of Psychiatry. The subjects were quietly sitting on chair in relaxed position
and they close their eyes during process like Figure 3.1. They did not move until end of
the EEG recording. So some artifacts prevent during recording. BrainAmp recording
program is used for EEG recording in panic disorder patients. Electrodes are attached
on frontal (F3, F4), central (C3, C4), parietal (P3, P4) regions of brain. Figure 3.2 shows
regions of electrodes. Each subject was exposed to 10 minutes EEG registration. Figure
3.2 shows the channels location. There are five channels that consist of 2 minutes
periods. Figure 3.3 shows process of experiment. First period was resting period with 2
minutes duration and labeled with R1. Second period is first auditory stimuli period and
lasted 2 minutes that are chosen as voice of an ambulance in our study [105]. It is
labelled with N. Third period is resting period with 2 minutes duration and labeled with
R2. Fourth period is music period that is chosen with natura sound [106]. Last one is

resting period. It takes 2 minutes and it is labeled with R3. Recorded data were
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decomposed into sub bands such as alpha, beta, delta and theta with using WD and SE
and these values are calculated in each sub-band, and these values were compared with

the values of healthy controls.

Figure 3.1 Eyes of subjects are closed Figure 3.2 Location of channels

during process application

N N

Resting Disturbin Resting Relaxing Resting
Period g Sound Penod Sound Perlod
1

VAV

Figure 3.3 Process of experiment
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3.3 Signal Description and Measurement System

V-Amp DC model of Brain Vision Product is used electroencephalogram measurements
in Figure 3.4. It is used also measurement of EOG, ECG, EMG. The auxiliary ports
consist of sensors for peripheral signals like GSR, blood flow, temperature interface.

Figure 3.4 V-Amp DC model of Brain Vision Product [1]

3.4 Electroencephalograph (EEG)

Hans Berger recorded electroencephalography (EEG) in 1929 for the first time. It is
bioelectrical activity of cerebral by electrodes are placed on scalp [107]. A number of
sensors are attached to the head and hooked by wires to a computer. The computer
records the electrical activity of the brain for a long period of time [108]. EEG measures
the changes of the electrical activity in term of voltage fluctuations of the brain [109]. It
is also a graphic record of the activity of a huge number of neuronal-membrane

potentials. It is mostly used for the diagnosis, monitoring, and management of
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neurological disorders including epileptic seizures, which are characterized by
frequently occurring of spikes in EEG signal [110]. However, EEG is very weak signal
[111]. It is easily influenced by biologic, technological extrinsic artifacts [111] and
other noise. This may be a problem for diagnosis [112, 113]. Figure 3.5 shows that
EEG is the most commonly recorded according to the international 10-20 electrode
placement system. The 10-20 system was developed to standardize the collection of
EEG[114].

WERTEX

LEFT SIDE . TOP

Figure 3.5 The International 10-20 electrode placement system [124].

3.5 Signal Processing

Signal processing is used for analysing the EEG data. Before signal processing,
recorded data is shown Figure 3.6.

Mm m 'LWMWW "
WMNM fis WMQT

Figure 3.6 The raw EEG signal which is recorded from healthy person
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3.5.1 Wavelet Decomposition

Approximation and detail components are defined by wavelet decomposition [115].
This decomposition process is renewed and it uses successive approximations. These
approximations give signal that is broken down into many lower resolution components.
Wavelet transform (WT) is a good preference for the area which is related with non-
stationary signals [116]. Wavelet is a multi-resolution analysis which provides a good
localization properties in time and frequency domain [117]. Theta, alpha, beta and
gamma waves in brain can be extracted by this transformation [118]. A wavelet
transform decomposes the wavelet components. These are time-domain signals and

they supply more detailed information [119].

3.5.1.1 Discrete Wavelet Transform

A time-scale representation of a digital signal is occured by digital filtering techniques
in a discrete wavelet transform (DWT). Different cut-off frequencies fiters are used for
analyzing a signal that is on different scale [120]. The x[n] is the original signal to be
decomposed and h[n] and g[n] are low pass and high pass filter and | 2 denotes
subsampling [121] in Figure 3.7. The f is showed at each level as the bandwidth of the
signal [122]. The basic principle of wavelet theory is expressed in Gabor's paper in 194
[123].

i[n] f=0-z

f=2l-n
Lievel [
DWT corfficients L

[=nl4 - 7/2

Level 2

DWT coefficienss | SI0 hfn]

i - 24 Pl ~

Leval 3

DWT cowfficients aes

Figure 3.7 The subband coding algorithm [124]

21



In discrete wavelet analysis, a multi-resolution description is used to decompose a given
signal Xx(t) into increasingly finer detail based on two sets of basis functions, the
wavelets and the scaling functions, as follows:

X(t) = ZZjO’Zajo (K)p(2"t—k) + z ZZ“zdj (K)w(2't k) j, (3.1)
i=io K

where functions ¢ (t) and y (t) are the basic scaling and mother wavelet, respectively.

In the above expansion, the first summation represents an approximation of x(t) based

on the scale index of j, while the second term adds more detail using larger j (finer

scales). The coefficients in this wavelet expansion are called the discrete wavelet
transform (DWT) of the signal x(t) [125].

3.6 Shannon Entropy

Entropy is defined as a measure for information theory by Claude E.Shannon. Applied
to EEG analysis, Shannon entropy measures the predictability of future amplitude
values of the EEG based on the probability distribution of amplitude values already

observed in the signal.

It quantifies the probability density function of the distribution of values. Probability
density functions are simple histograms of the amplitude values versus the number of
samples at each value in the sampled signal [124]. Figure 3.8 is example of Shannon
entropy. It shows that the probability density function of amplitude values is quantified.
During the awake state, amplitude values vary to a greater degree compared to
anaesthesia, when there are less different amplitude values.

Awake Anaesthesia

Al LT

Voltage

Count

Figure 3.8 The probability density function of amplitude values during awakestate and
anasthesia [126]

Information theory dealt with the nascent science of data communications. Shannon

entropy (H) is given by the following equation:

H=-> p,logp, (3.2)
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where pk are the probabilities of a datum being in bin k. It is a measure the spread of the
data. Data with a broad, flat probability distribution will have high entropy. Data with a
narrow, peaked, distribution will have low entropy. As applied to EEG, entropy is the

statistical descriptor of the variability within the EEG signal [127].

3.7 Statistical Analysis

3.7.1 The Indepent Sample Student’s t-test

When two groups compared independently, independent sample student’s t-test is used.
In this this study, SE valuesof patients and controls groups are compared in each periods
(R1, N, R2, M, R3) at F3, F4, C3, C4, P3, P4 regions by independent t-test. The test

first pooled standart deviation has to be calculated by,

gz_(n ~1s’ +(n, -1)s,’
P n+n,-2

(3.3)

Where n, +n, —2 is the degree of freedom. The equation for calculation t value become

[128].

t — Xl — X2
sP? sp? (3.4)
7_’_7
nl n2

3.7.2 Paired Sample Student’s t-test

The paired sample t-test is used for samples that are in same group. The SE values of
patients are compared between sequential periods by Paired sample t-test and the SE
values of controls are compared between sequential periods by Paired sample t-test and

produce a t value;

>d

t= N : (3.5)
ZdZ_(zd)

N(N-1)

N

In formula, d is the difference between matched samples and N is number of samples
[128].
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CHAPTER 4

RESULT

In this chapter, results of analyzed EEG signals exist. EEG was recorded from F3, F4,
C3, C4, P3 and P4 regions of brain. These signals were recorded from 10 panic disorder
patients and 10 healthy people. Recorded EEG data were decomposed into alpha, beta,
theta and beta sub bands by DWT. After that, SE was calculated in each sub bands.
MATLAB® software algorithms (v. 7.6.0. R2008a) was used to signal processing and
SPSS® (v.20) software was used to do statistical analysis. It includes independent
sample t-test which used to compare SE values in patients and healty people. At the
same time paired sample t-test was used to compare values between periods in each
group. We chose these tests because of feasibility of normal distribution. Before these

analyses, EEG signals were recorded by Brain Amp System and Brain-Amp Software.

Table 4.1, 4.2, 4.3, and 4.4 show calculated SE and p values in each periods (R1, N, R2,
M, R3) between patients and controls in each sub bands respectively alpha, beta, delta,

theta in F3 region.

Table 4.1 Comparison of SE and p values of alpha band during all measurement periods
between patients and controls in F3 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Alpha R1 -0,469710 £0,038164 | -0,534720 +0,170145 0,254

Alpha N -0,527530+0,175948 | -0,553136+0,196653 0,758

Alpha R2 -0,439210+0,024073 | -0,585670+0,204107 0,050*

Alpha M -0,509650+0,166622 | -0,474570+0,162167 0,639

Alpha R3 -0,448710+0,046617 | -0,451450+0,111367 0,944
*p< 0,05 is accepted for significant difference
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Table 4.1 shows that the significant difference is at R2 state for alpha band in F3

channel.
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Figure 4.1 (a) shows that changes in the alpha band with column graph and (b) shows
that changes in the alpha band with line graph of F3 channel in patient and control
groups

Figure 4.1 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls at R1 period. While groups are listening the noise, there is no significant
difference between patiens and controls but the mean of SE of patients is higher than

controls at R2 periods. In M period, mean of SE of controls is higher than patients.
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On the other hand, there is no significant difference between patients and controls in R3

periods. Values of patients and controls are equal at R3 state.

Table 4.2 Comparison of SE and p values of beta band during all measurement periods
between patients and controls in F3 channel

Mean £Std Deviation | Mean + Std Deviation
Bands | Periods Control Patient p value
Beta R1 -0,238490+0,093198 | -0,429070+0,246209 | 0,042*
Beta N -0,230850+0,068005 | -0,435370+0,291755 | 0,056*
Beta R2 -0,238540+0,140543 | -0,462890+0,301840 | 0,053*
Beta M -0,239990+0,078559 | -0,379890+0,208612 | 0,063*
Beta R3 -0,219750+0,051100 | -0,386270+0,219608 | 0,031*

*p< 0, 05 is accepted for significant difference. p < 0, 08 is accepted closest

value for significant difference

Table 4.2 shows that the significant difference is at all state for beta band in F3 channel.
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Figure 4.2 (a) shows that changes in the beta band with column graph and (b) shows
that changes in the beta band with line graph of F3 channel in patient and control groups
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Figure 4.2 (continue) (a) shows that changes in the beta band with column graph and (b)
shows that changes in the beta band with line graph of F3 channel in patient and control
groups

Figure 4.2 shows that red column and line graphs indicate controls, grey column and
line graphs show patients. The mean of SE of patients is higher than controls at all
periods. The mean of SE of patients is decreasing after R2 state. While the groups are

listening the relaxing music, only mean of SE of patients decrease at M state.

Table 4.3 Comparison of SE and p values of delta band during all measurement periods
between patients and controls in F3 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Delta R1 -0,156860+0,025671 | -0,225090+0,228862 0,361

Delta N -0,152430+0,015918 | -0,238120+0,267062 0,325

Delta R2 -0,238540+0,140543 | -0,462890+0,301840 0,053*

Delta M -0,162840+0,020002 | -0,165570+0,043453 0,859

Delta R3 -0,160700+0,019515 | -0,175570+0,053672 0,247
*p< 0, 05 1s accepted for significant difference

Table 4.3 shows that the significant difference is at R2 state for delta band in F3 region
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Figure 4.3 (a) shows that changes in the delta band with column graph and (b) shows
that changes in the delta band with line graph of F3 channel in patient and control
groups

Figure 4.3 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls at R1, N, and R2 periods. In M and R3 periods, there is no significant
difference between control and patients groups. The mean of SE of groups are almost

the same. The mean of SE of patients is highly increasing at R2 state.
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Table 4.4 Comparison of SE and p values of Theta band during all measurement periods
between patients and controls in F3 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Theta R1 -0,420650+0,035741 | -0,524890+0,166075 0,068*

Theta N -0,419480+0,035127 | -0,518080+0,169886 0,089

Theta R2 -0,450820+0,058354 | -0,524130+0,172372 0,219

Theta M -0,466950+0,067309 | -0,422630+0,105000 0,276

Theta R3 -0,436310+0,041743 | -0,423800+0,106115 0,733
*p< 0, 05 is accepted for significant difference. p <0, 08 is accepted closest value for
significant difference

Table 4.4 shows that the significant difference is at R1 state for theta band in F3

channel.
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Figure 4.4 (a) shows that changes in the theta band with column graph and (b) shows
that changes in the theta band with line graph of F3 channel in patient and control
groups
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Figure 4.4 (Continue) (a) shows that changes in the theta band with column graph and
(b) shows that changes in the theta band with line graph of F3 channel in patient and
control groups

Figure 4.4 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls at R1, N, and R2 periods. In M and R3 periods, means of SE of patients are

lower than controls.While groups are listening the relaxing music, the mean of SE of

controls is increasing.

Table 4.5, 4.6, 4.7, and 4.8 show calculated SE and p values in each periods (R1, N, R2,
M, R3) between patients and controls in each sub bands respectively alpha, beta, delta,

theta in F4 region.
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Table 4.5 Comparison of SE and p values of alpha band during all measurement periods
between patients and controls in F4 channel

Mean £Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Alpha R1 -0,445760+0,024343 | -0,563840+0,164631 0,050*

Alpha N -0,462640+0,084292 | -0,559780+0,201770 0,177

Alpha R2 -0,444470+£0,019066 | -0,590240+0,212843 0,059*

Alpha M -0,467080+0,049508 | -0,468390+0,128620 0,976

Alpha R3 -0,459180+0,065145 | -0,531170+0,182147 0,264
*p< 0, 05 is accepted for significant difference

Table 4.5 shows that the significant difference is at R1 and R2 states for alpha band in

F4 channel.
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Figure 4.5 (a) shows that changes in the alpha band with column graph and (b) shows
that changes in the alpha band with line graph of F3 channel in patient and control
groups
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Figure 4.5 (Continue) (a) shows that changes in the alpha band with column graph and
(b) shows that changes in the alpha band with line graph of F3 channel in patient and
control groups

Figure 4.5 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, M, R2, and R3 periods. After R2 state, the mean of SE of patients
decrease at M period while the mean of SE of controls is increasing at M state. In N
state, the mean of SE of patients is increasing and the mean of SE of controls is

decreasing. At the same time, control’s mean of SE doesn’t change in large at all

periods.

(b)
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Table 4.6 Comparison of SE and p values of beta band during all measurement periods
between patients and controls in F4 channel

Mean £Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Beta R1 -0,229600+0,080996 | -0,492600+0,249299 0,009*

Beta N -0,224420+0,080846 | -0,485920+0,273542 0,015*

Beta R2 -0,215410+£0,063412 | -0,498120+0,272355 0,010*

Beta M -0,239070+0,107614 | -0,416170+0,200202 0,024*

Beta R3 -0,227970+0,078425 | -0,493360+0,278207 | 0,015*
*p< 0, 05 is accepted for significant difference

Table 4.6 shows that the significant difference is at all states for beta band in F4

channel.
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Figure 4.6 (a) shows that changes in the beta band with column graph and (b) shows
that changes in the beta band with line graph of F4 channel in patient and control groups
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Figure 4.6 (a) shows that changes in the beta band with column graph and (b) shows
that changes in the beta band with line graph of F4 channel in patient and control groups

Figure 4.6 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in all periods for beta band in F4 channel. The mean of SE of patients is

decreasing at M periods. After M state, the mean of SE of patients is increasing in F4

channel.

Table 4.7 Comparison of SE and p values of delta band during all measurement periods
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between patients and controls in F4 channel

Mean +Std Deviation | Mean + Std Deviation
Bands | Periods Control Patient p value
Delta R1 -0,149730+0,015316 | -0,215770+0,145183 0,186
Delta N -0,159650+0,019167 | -0,258967+0,250417 0,269
Delta R2 -0,162110+0,031726 | -0,265010+0,256630 0,239
Delta M -0,183580+0,057933 | -0,194430+0,092074 0,756
Delta R3 -0,175820+0,049806 | -0,254210+0,264249 0,369

*p< 0, 05 is accepted for significant difference

Table 4.7 shows that there is no significant difference at all states for delta band in F4

channel.
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Figure 4.7 (a) shows that changes in the delta band with column graph and (b) shows
that changes in the delta band with line graph of F4 channel in patient and control

groups
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Figure 4.7 (Continue) (a) shows that changes in the delta band with column graph and
(b) shows that changes in the delta band with line graph of F4 channel in patient and
control groups
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Figure 4.7 shows that t while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, N, R2, and R3 periods between patients and control groups. There is a
little difference in M periods between groups. After R2 state, The mean of SE of
patients is decreasing.

Table 4.8 Comparison of SE and p values of theta band during all measurement periods
between patients and controls in F4 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Theta R1 -0,424520+0,037233 | -0,503820+0,180883 0,191

Theta N -0,419430+0,038523 | -0,491550+0,175971 0,222

Theta R2 -0,420870+0,035169 | -0,520580+0,185803 0,128

Theta M -0,448040+0,056542 | -0,408760+0,100413 0,295

Theta R3 -0,444090+0,032367 | -0,479950+0,187746 0,559
*p< 0, 05 is accepted for significant difference

Table 4.8 shows that there is no significant difference at all states for theta band in F4

channel.
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Figure 4.8 (a) shows that changes in the theta band with column graph and (b) shows
that changes in the theta band with line graph of F4 channel in patient and control

Figure 4.8 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, N, R2, and R3 periods between patients and control groups. In M period,
mean of SE of patients is lower than SE value of controls. At M period, the mean of SE

(b)

groups

value of patients is decreasing.
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Table 4.9 Comparison of SE and p values of alpha band during all measurement periods
between patients and controls in C3 channel

Mean £Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Alpha R1 -0,449500+0,031988 | -0,531540+0,163590 0,163

Alpha N -0,480450+0,069192 | -0,541870+0,183991 0,184

Alpha R2 -0,461400+0,049188 | -0,590310+0,206334 0,206

Alpha M -0,472090+0,046337 | -0,457710+0,138535 0,139

Alpha R3 -0,450430+0,055822 -0,441680+0,116572 0,116
*p< 0, 05 is accepted for significant difference

Table 4.9 shows that there is no significant difference at all states for alpha band in C3

channel.

C3 Channel
8 0,7
3
m 0,6 T
S o5 -
o
< 04 -
£
o 0,3 - = Patient
S
= 0,2 - m Control
>
w 0,1 -
[9p]
c 0-
é R1 N R2 M R3

Periods

(@

Figure 4.9 (Continue) (a) shows that changes in the alpha band with column graph and
(b) shows that changes in the alpha band with line graph of C3 channel in patient and
control groups
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Figure 4.9 (Continue) (a) shows that changes in the alpha band with column graph and
(b) shows that changes in the alpha band with line graph of C3 channel in patient and
control groups

Figure 4.9 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, N, and R2 periods. In R2 period, the difference is higher than other
periods. There is a little difference at M and R3 periods between groups.

Table 4.10 Comparison of SE and p values of beta band during all measurement periods
between patients and controls in C3 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Beta R1 -0,223510+0,062100 | -0,478180+0,215157 0,005*

Beta N -0,222090+0,073003 | -0,447010+0,219834 0,007*

Beta R2 -0,204580+0,045169 | -0,470110+0,255498 0,009*

Beta M -0,217560+0,056692 | -0,403380+0,207214 0,014*

Beta R3 -0,220950+0,070823 | -0,410880+0,225583 0,021*
*p< 0, 05 is accepted for significant difference

Table 4.10 shows that the significant difference is at all states for beta band in C3

channel.
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Figure 4.10 (a) shows that changes in the beta band with column graph and (b) shows
that changes in the beta band with line graph of C3 channel in patient and control

groups
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Figure 4.10 (a) shows that changes in the beta band with column graph and (b) shows
that changes in the beta band with line graph of C3 channel in patient and control
groups
Figure 4.10 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls at all channel between groups. The mean of SE values of patients is decreasing

at M state.
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Table 4.11 Comparison of SE and p values of Delta bandduring all measurement
periods between patients and controls in C3 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Delta R1 -0,166430+0,036559 | -0,231480+0,183667 0,298

Delta N -0,183180+0,060377 | -0,239520+0,240530 0,482

Delta R2 -0,164640+0,030728 | -0,279640+0,273668 0,218

Delta M -0,175500+0,047137 | -0,161370+0,044196 0,498

Delta R3 -0,176030+0,041325 | -0,169460+0,050396 0,754
*p< 0, 05 is accepted for significant difference

Table 4.11 shows that there is no significant difference at all states for delta band in C3

channel.
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Figure 4.11 (a) shows that changes in the delta band with column graph and (b) shows
that changes in the delta band with line graph of C3 channel in patient and control
groups
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Figure 4.11 (Continue) (a) shows that changes in the delta band with column graph and
(b) shows that changes in the delta band with line graph of C3 channel in patient and
control groups

Figure 4.11 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, N and R2 periods. The significant difference is shown at R2 period. The

mean of SE values of patients is decreasing at M state.

Table 4.12 Comparison of SE and p values of Theta band during all measurement
periods between patients and controls in C3 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Theta R1 -0,433050+0,048065 | -0,474830+0,204157 0,537

Theta N -0,427710+0,041117 | -0,476930+0,203971 0,464

Theta R2 -0,439470+0,040157 | -0,490830+0,215968 0,469

Theta M -0,457760+0,051716 | -0,432910+0,107231 0,518

Theta R3 -0,448830+0,048965 | -0,429830+0,107510 0,617
*p< 0, 05 is accepted for significant difference

42



Table 4.12 shows that there is no significant difference at all states for theta band in C3

channel
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Figure 4.12 (a) shows that changes in the theta band with column graph and (b) shows
that changes in the theta band with line graph of C3 channel in patient and control
groups
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Figure 4.12 (a) shows that changes in the theta band with column graph and (b) shows
that changes in the theta band with line graph of C3 channel in patient and control
groups
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Figure 4.12 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE value of patients is higher than
controls in R1, N, and R2 periods. The mean of SE value of patients is increasing from
R1 to R2 periods. The mean of SE value of patients are decreasing M and R3 periods.

Table 4.13 Comparison of SE and p values of Alpha band during all measurement
periods between patients and controls in C4 channel

Mean +£Std Deviation | Mean %+ Std Deviation

Bands | Periods . value
Control Patient P

Alpha R1 -0,450480+0,056659 | -0,582710+0,198961 0,070*

Alpha N -0,472020+0,063873 -0,577320+0,186858 0,120

Alpha R2 -0,482590+0,076652 | -0,539410+0,178513 0,367

Alpha M -0,488690+0,078960 | -0,499340+0,156474 0,850

Alpha R3 -0,493310+0,086801 -0,469690+0,159909 0,686

*p< 0, 05 is accepted for significant difference. p <0, 08 is accepted closest
significant difference

Table 4.13 shows that the significant difference is at R1 state for alpha band in C4
channel.
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Figure 4.13 (a) shows that changes in the alpha band with column graph and (b) shows
that changes in the alpha band with line graph of C4 channel in patient and control
groups
Figure 4.13 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, N, R2, and M periods. There is no significant difference between

periods. The mean of SE value of patiens is decreasing at M period.
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Table 4.14 Comparison of SE and p values of Beta band during all measurement periods
between patients and controls in C4 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Beta R1 -0,219120+0,077655 | -0,489530+0,276130 0,013*

Beta N -0,219260+0,076411 | -0,523410+0,271522 0,006*

Beta R2 -0,210820+0,062200 | -0,514860+0,287866 0,009*

Beta M -0,238810+0,117785 | -0,446460+0,220212 0,017*

Beta R3 -0,220670+0,076284 | -0,466230+0,220068 0,007*
*p< 0, 05 is accepted for significant difference

Table 4.14 shows that the significant difference is at all states for beta band in C4

channel.
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Figure 4.14 (a) shows that changes in the beta band with column graph and (b) shows
that changes in the beta band with line graph of C4 channel in patient and control
groups
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Figure 4.14 (Continue) (a) shows that changes in the beta band with column graph and

(b) shows that changes in the beta band with line graph of C4 channel in patient and
control groups

Figure 4.14 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in all periods. The mean of SE values of patients is decresing after R2 periods.

It is again increasing at R3 period.

Table 4.15 Comparison of SE and p values of Delta band during all measurement
periods between patients and controls in C4 channel

Mean £Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Delta R1 -0,155310+0,027111 | -0,194690+0,134740 0,377

Delta N -0,163840+0,024550 | -0,228640+0,250105 0,426

Delta R2 -0,152030+0,016182 | -0,225620+0,245929 0,358

Delta M -0,158410+0,019471 | -0,161410+0,044369 0,847

Delta R3 -0,158760+0,020577 | -0,161470+0,044623 0,863
*p< 0, 05 is accepted for significant difference

Table 4.15 shows that there is no significant difference at all channels.
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Figure 4.15 (a) shows that changes in the delta band with column graph and (b) shows
that changes in the delta band with line graph of C4 channel in patient and control
groups
Figure 4.15 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, N, and R2 periods. The mean of SE values of patients is decreaing M

period.
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Table 4.16 Comparison of SE and p values of theta band during all measurement
periods between patients and controls in C4 channel

Mean +Std Deviation | Mean + Std Deviation
Bands | Periods Control Patient p value
Theta R1 -0,422860+0,048175 | -0,525090+0,154466 | 0,061*
Theta N -0,422520+0,040759 | -0,519690+0,167444 0,091
Theta R2 -0,437730+0,058318 | -0,464725+0,064445 0,365
Theta M -0,442030+0,058664 | -0,432160+0,103173 0,796
Theta R3 -0,450350+0,063935 | -0,414620+0,097775 0,346

*p< 0, 05 is accepted for significant difference

Table 4.16 shows that the significant difference is at R1 state for theta band in C4

channel.

Figure 4.16 (a) shows that changes in the theta band with column graph and (b) shows

C4 Channel
8 06 -
S
m 05 -
8
@ 04 -
|_
£ 03
» m Patient
(D)
S 0,2 A
c_>u M Control
o 01 -
(7p]
c 0-
S R1 N R2 M R3
>

Periods

(@)

that changes in the theta band with line graph of C4 channel in patient and control

groups
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Figure 4.16 (Continue) (a) shows that changes in the theta band with column graph and
(b) shows that changes in the theta band with line graph of C4 channel in patient and
control groups

Figure 4.16 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE values of patients is higher than
controls in R1, N, and R2 periods. The mean of SE values of patients is decreaing after

R2 periods.

Table 4.17 Comparison of SE and p values of alpha band during all measurement
periods between patients and controls in P3 channel

Mean +Std Deviation | Mean + Std Deviation
Bands | Periods Control Patient p value
Alpha R1 -0,440340+0,028934 | -0,513410+0,172616 0,203
Alpha N -0,471250+0,038692 | -0,540420+0,174582 0,250
Alpha R2 -0,465800+0,043232 | -0,533720+0,169224 0,235
Alpha M -0,473550+0,037729 | -0,438500+0,108938 0,349
Alpha R3 -0,468270+0,045435 | -0,446900+0,112901 0,586

*p< 0, 05 is accepted for significant difference

Table 4.17 shows that there is no significant difference at all states for alpha band in P3

channel.
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Figure 4.17 (a) shows that changes in the alpha band with column graph and (b) shows
that changes in the alpha band with line graph of P3 channel in patient and control
groups
Figure 4.17 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE values of patients is higher than
controls in R1, N, and R2 periods. The mean of SE values of patients is decreaing at M

State.
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Table 4.18 Comparison of SE and p values of Beta band during all measurement periods
between patients and controls in P3 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Beta R1 -0,203360+0,032362 | -0,435110+0,229242 0,011*

Beta N -0,198120+0,029304 | -0,487560+0,257456 0,006*

Beta R2 -0,194700+0,033316 | -0,456030+0,258382 0,011*

Beta M -0,196030+0,031880 | -0,370650+0,130203 0,001*

Beta R3 -0,200260+0,037341 -0,355880+0,140897 0,003*
*p< 0, 05 is accepted for significant difference

Table 4.18 shows that the significant difference is at all states for beta band in P3

channel.
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Figure 4.18 (a) shows that changes in the beta band with column graph and (b) shows
that changes in the beta band with line graph of P3 channel in patient and control groups
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Figure 4.18(Continue) (a) shows that changes in the beta band with column graph and
(b) shows that changes in the beta band with line graph of P3 channel in patient and
control groups

Figure 4.18 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls at all periods. The highest SE value of patients is at N period. During M period,

the mean of SE values of patients is decreasing.

Table 4.19 Comparison of SE and p values of Delta band during all measurement
periods between patients and controls in P3 channel

Mean +Std Deviation | Mean + Std Deviation
Bands | Periods Control Patient p value
Delta R1 -0,161410+0,026589 | -0,222670+0,238777 0,431
Delta N -0,192450+0,045510 | -0,234900+0,254128 0,609
Delta R2 -0,178960+0,047550 | -0,234700+0,266245 0,523
Delta M -0,188810+0,044881 | -0,164810+0,045942 0,253
Delta R3 -0,182380+0,054861 | -0,162070+0,045279 0,379

*p< 0, 05 is accepted for significant difference

Table 4.19 shows that there is no significant difference at all states for delta band in P3

channel.
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Figure 4.19 (a) shows that changes in the delta band with column graph and (b) shows
that changes in the delta band with line graph of P3 channel in patient and control
groups
Figure 4.19 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, N, and R2 periods. The mean of SE values of patients is decreaing after

R2 periods.

54



Table 4.20 Comparison of EEG Theta band features during all measurement periods
between patients and controls in P3 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Theta R1 -0,427280+0,064611 | -0,498760+0,180052 0,253

Theta N -0,433090+0,049211 | -0,493180+0,175449 0,311

Theta R2 -0,441210+£0,034978 | -0,507740+0,177696 0,261

Theta M -0,475470+£0,066964 | -0,424680+0,106322 0,217

Theta R3 -0,455620+0,047995 -0,412940+0,108629 0,271
*p< 0, 05 is accepted for significant difference

Table 4.20 shows that there is no significant difference at all states for theta band in P3

channel.
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Figure 4.20 (a) shows that changes in the theta band with column graph and (b) shows
that changes in the theta band with line graph of P3 channel in patient and control
groups
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Figure 4.20 (Continue) (a) shows that changes in the theta band with column graph and
(b) shows that changes in the theta band with line graph of P3 channel in patient and
control groups

Figure 4.20 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, N, and R2 periods. The mean of SE values of controls is increasing after

R2 periods.The mean of SE values of patients is decreasing at M period.

Table 4.21 Comparison of SE and p values of Alpha band during all measurement
periods between patients and controls in P4 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Alpha R1 -0,451160+0,039008 | -0,533630+0,164473 0,140

Alpha N -0,481490+0,069642 | -0,551640+0,183367 0,273

Alpha R2 -0,466980+0,067989 | -0,540130+0,190741 0,268

Alpha M -0,518050+0,080574 | -0,452610+0,122731 0,176

Alpha R3 -0,497360+0,075029 | -0,427550+0,101820 0,980
*p< 0, 05 is accepted for significant difference

Table 4.21 shows that there is no significant difference at all states for alpha band in P4

channel.
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Figure 4.21 (a) shows that changes in the alpha band with column graph and (b) shows
that changes in the alpha band with line graph of P4 channel in patient and control
groups
Figure 4.21 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE values of patients is higher than
controls in R1, N, and R2 periods. The mean of SE values of patients is decreaing after

R2 period.
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Table 4.22 Comparison of SE and p values of beta band during all measurement periods
between patients and controls in P4 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Beta R1 -0,214310+0,072233 | -0,470690+0,223563 0,006*

Beta N -0,217900+0,071763 | -0,457220+0,220448 0,004*

Beta R2 -0,210050+0,063493 | -0,468010+0,241922 0,008*

Beta M -0,219380+0,075994 | -0,379550+0,106446 0,001*

Beta R3 -0,214520+0,060784 | -0,410800+0,212207 0,012*
*p< 0, 05 is accepted for significant difference

Table 4.22 shows that the significant difference is at all states for beta band in P4

channel.
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Figure 4.22 (a) shows that changes in the belta band with column graph and (b) shows
that changes in the beta band with line graph of P4 channel in patient and control groups
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Figure 4.22 (Continue) (a) shows that changes in the belta band with column graph and
(b) shows that changes in the beta band with line graph of P4 channel in patient and
control groups

Figure 4.22 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE values of patients is higher than
controls at all periods. After M period, the mean of SE values of patients is increasing.

The highest mean of SE values of patients is in R2 state.

Table 4.23 Comparison of SE and p values of Delta band during all measurement
periods between patients and controls in P4 channel

Mean +Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Delta R1 -0,153460+0,017462 | -0,194350+0,133534 0,350

Delta N -0,162220+0,023339 | -0,232580+0,254595 0,396

Delta R2 -0,155300+0,022588 | -0,235600+0,263798 0,350

Delta M -0,168370+0,045050 | -0,164850+0,042999 0,860

Delta R3 -0,173090+0,044359 | -0,166190+0,044544 0,733
*p< 0, 05 is accepted for significant difference

Table 4.23 shows that there is no significant difference at 111 states for delta band in P4

channel.
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Figure 4.23 (a) shows that changes in the delta band with column graph and (b) shows
that changes in the delta band with line graph of P4 channel in patient and control
groups
Figure 4.23 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE values of patients is higher than
controls in R1, N, and R2 periods. The mean of SE values of patients is decreaing after

R2 periods. The mean of SE values of groups is nearly same at R3 state.
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Table 4.24 Comparison of SE and p values of Theta band during all measurement
periods between patients and controls in P4 channel

Mean £+Std Deviation | Mean + Std Deviation

Bands | Periods p value

Control Patient

Theta R1 -0,411370+0,061208 | -0,502600+0,169819 0,127

Theta N -0,427130+0,044452 | -0,498920+0,168676 0,210

Theta R2 -0,441220+0,051852 | -0,492640+0,177354 0,390

Theta M -0,452850+0,071349 | -0,432580+0,111976 0,635

Theta R3 -0,465620+0,056132 | -0,398690+0,091784 | 0,065*
*p< 0, 05 is accepted for significant difference

Table 4.24 shows the significant difference is at R3 state.
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Figure 4.24 (a) shows that changes in the theta band with column graph and (b) shows
that changes in the theta band with line graph of P4 channel in patient and control
groups
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Figure 4.24 (Continue) (a) shows that changes in the theta band with column graph and
(b) shows that changes in the theta band with line graph of P4 channel in patient and
control groups

Figure 4.24 shows that while red column and line graphs are indicating controls, grey
column and line graphs show patients. The mean of SE of patients is higher than
controls in R1, N, and R2 periods. The mean of SE values of patients is decreaing after

R2 periods. The mean of SE values of groups are nearly same at M period.

Paired sample Student’s t-test was applied to data, for analyzing the difference between
sequential periods in patients and controls. Significant difference was approved when p
value is less than 0, 05. Statistical comparisons were performed within each channel. P
values mean and standart deviation comparisons between periods of each channel of
patients are shown in Table 4.25-36. p values, mean and standart deviation comparisons

between periods of each channel of healty groups are shown in Table 4.37-48.
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Table 4.25 Comparison of extracted features in F3 region EEG data (alpha and delta

band) between sequential periods in patients

Mean+ p Mean=+ P

Bands | Periods| Std. Dev. |Value|Bands|Periods| Std. Dev. |Value

De RN [ 0,013030+ [0,313|PH | R1-N | 0012380+ | 0,348
0,038582 0,039525

D | Rz [ 0,016830+ | 0,157 [P | N-R2 | 0063330+ | 0,218
0,034465 0,151112

E:rl,ts R2- M [-0,089380+ | 0,238 Q;rﬁ’ga R2-M | -0,111100+ |0,256
0,223689 0,289580

De 1 \1.R3 [-0,020340+ | 0,547 | APM | MR | -0,023120+ | 0,485
0,102870 0,100356

DEt | R1-R2 [ 0,029860+ | 0,002 [APH | R1-R2 | 0,050950+ | 0,320
0,050110 0,153031

Eaerl]? R1-M |-0,059520+ | 0,343 Q;ﬁga R1-M | -0,060150+ |0,526
0,187985 0,288037

DEt | R1-Rs |-0,079860+ | 0,252 | APH? | R1-R3 | -0,083270+ | 0,347
0,206467 0,265458

Eaer']tj‘ N-M |-0,072550+ | 0,337 g‘;ﬁga N-M | -0,047770+ | 0,608
0,225997 0,284038

DE | N-R3 |-0,092890+| 0,252 | APH | N-R3 | -0,070890+ | 0,429
0,240096 0,270752

Ejr'fj‘ R2-R3 |-0,109720+ | 0,170 Q;ﬁga R2-R3 | -0,134220+ | 0,163
0,232798 0,279537

Table 4.25 shows that there is no significant difference for alpha and delta bands

between sequential periods for patients in F3 channel.
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Table 4.26 Comparison of extracted features in F3 region EEG data (theta and beta

band) between sequential periods in patients

Mean+ p Mean=+ P

Bands | Periods| Std. Dev. |Value|Bands | Periods| Std. Dev. |Value

Tt | R1-N |-0006810+| 0,667 [ | R1-N | 0,006300+ | 0,842
0,048355 0,096816

Theta | N-R2 | 0,008050= 0,734 P53 | N-R2 | 0027520+ | 0,389
0,054645 0,096133

Theta | Ro- M [-0,101500+ | 0,265 o | R2- M | -0,083000+ | 0,289
0,269893 0,232871

Iﬁﬁé"" M-R3 | 0,001170+ | 0,955 Eaert]?j M-R3 [ 0,006380+ |0,751
0,063808 0,061647

Theta | Ri-R2 [-0,000760+ | 0,976 [ o | R1-R2 | 0033820+ | 0,343
0,077302 0,106906

T | R1-m |-0,102260+ | 0,248 [ o4 | R1-M | -0,049180+ | 0,529
0,261854 0,237555

I;‘ﬁ;a R1-R3 |-0,101090=| 0,259 | ot | R1-R3 | -0,042800% | 0,612
0,265422 0,257752

ThE ] M |-0,095450<| 0,288 o | N-M | -0,085480+ | 0445
0,267222 0,219666

Theta | N-R3 [-0,004280+ | 0,202 [ | N-R3 | -0049100+ | 0,518
0,266307 0,230819

The'2 | Ro-R3 [-0,100830+ | 0,266 [ o | R2-R3 | -0076620+ | 0,373
0,267261 0,258398

Table 4.26 shows that there is no significant difference for theta and beta bands between

sequential periods for patients at F3 channel .
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Table 4.27 Comparison of extracted features in F4 region EEG data (delta and alpha

band) between sequential periods in patients

Mean:+ Y Mean=+ p

Bands | Periods| Std. Dev. |Value|Bands | Periods| Std. Dev. | Value

RI-N

E;r!&a R1-N | 0,041620+ | 0,192 bA;ﬁQa -0,004060+ | 0,924
0,093215 0,131567

Do | N-R2 [ 0,007620+ | 0,627 |FAPh? | N-R2 | 0030460+ | 0,508
0,047913 0,139595

Eae,!fja R2- M [-0,070580+ | 0,314 bAgﬁga R2-M [-0,121850+ | 0,173
0,209480 0,260036

E;n'ff M-R3 [ 0,059780+ | 0,438 bA;ﬁQa M-R3 | 0,062780+ | 0,505
0,233062 0,285780

Dot | R1-R2 [ 0,049240: | 0,201 | PR | R1-R2 | 0026400+ | 0,549
0,112850 0,133948

DA | R1-M [-0,021340+ | 0578 | FPR | R1-M |-0,095450+ | 0,274
0,116876 0,258982

Dot | R1-R3 [ 0,038440+ | 0,356 [0 | R1-R3 |-0,082670+ | 0,294
0,125029 0,092616

DA M [-0,062960+| 0,356 | FPhd | N-M | -0,091390+ | 0,334
0,204666 0.283035

Do | N-R3 [-0,003180+| 0,837 | FAPh | N-Rg |-0,028610: | 0,470
0,047400 0,119967

Dot | Ro-R3 [-0,010800+ | 0,553 | FAPh? | R2-R3 |-0,059070+ | 0,263
0,055422 0,156323

Table 4.27 shows that there is no significant difference

between sequential periods for patients at F4 channel.
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Table 4.28 Comparison of extracted features in F4 region EEG data (theta and beta

band) between sequential periods in patients

Mean+ p Meanz+ P

Bands | Periods| Std. Dev. |Value|Bands | Periods| Std. Dev. |Value

I:ﬁéa R1-N [-0,012270+| 0,502 E:rt]"; R1-N | -0,004680+ | 0,922
0,055430 0,146897

Iﬁﬁé"" N-R2 | 0,029030+ | 0,403 Eaert]z N-R2 | 0,012200+ | 0,606
0,104524 0,072089

Theta | Ro- M [-0,111820+ | 0,227 [ P52 | R2- M | -0,081950+ | 0,261
0,272933 0,215920

Iﬁﬁé"" M-R3 | 0071190+ 0435 | oy | M-R3 | 0,077100+ | 0,328
0,275233 0,235973

The'a | Ri-R2 | 0,016760+ | 0,655 |y | R1-R2 | 0007520+ | 0,846
0,114605 0,118908

T | Ri-m |-0,095060+ | 0,278 [ oA | R1-M | -0,074430+ | 0,383
0,261120 0,256676

Theta | R1-R3 [-0,023870+ | 0,203 [ o | R1-R3 | 0002760+ | 0,969
0,067625 0,220911

Thet | M [-0,082790+ | 0,348 [ 53 | N-M | 0069750+ | 0,323
0,264335 0,211047

Thet | \.R3 |-0011600+| 0,457 o | N-R3 | 0,007440 | 0,837
0,047243 0,111405

The'a | Ro-R3 [-0,040630+ | 0,184 [ 5 | R2-R3 | -0,004760+ | 0,928
0,089355 0,161103

Table 4.28 shows that there are no significant differences for theta and beta bands

between sequential periods for patients at F4 channel.
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Table 4.29 Comparison of extracted features in C3 region EEG data (alpha and delta
band) between sequential periods in patients

Mean+ p Meanz+ P

Bands | Periods | Std. Dev. |Value|Bands|Periods| Std. Dev. |Value

Eaer::ja R1-N | 0,008040+ | 0,834 Q;ﬁga R1-N | 0,010330+ |0,727
0,118034 0,090817

DA | NR2 [ 0,040120+ | 0,276 [P | N-R2 | 0048440+ | 0,371
0,109486 0,162760

DA | Ro- M [-0,118270+ | 0,154 [P | Ro- M | -0,132600+ | 0,183
0,240494 0,290475

E;r:fja M-R3 | 0,008090+ | 0,266 Q;ﬁga M-R3 | -0,016030+ |0,565
0,021554 0,084896

Dot | R1-Ra [ 0,048160+ | 0,135 [\ | R1-R2 | 0058770+ {0,144
0,092732 0,116231

Do | R1-M |-0.070110+| 0,186 [FPe | R1-M | -0,073830= |0,408
0,154718 0,269081

Do | R1-R3 [-0,062020+ | 0,254 [P | R1-R3 | -0,089860+ | 0,301
0,160963 0,258812

E;r:fja N-M 1-0,078150+ | 0,246 Q;ﬁga N-M | -0,084160+ | 0,328
0,198937 0,257146

E:r:fja N-R3 |-0,070060+ | 0,303 ﬁ;ﬁga N-R3 | -0,200190+ | 0,251
0,202718 0,258223

E;r:fja R2-R3 |-0,110180+ | 0,188 Q;ﬁga R2-R3 | -0,148630+ |0,132
0,244723 0,283851

Table 4.29 shows that there is no significant difference for delta and alpha bands

between sequential periods for patients at C3 channel.

67



Table 4.30 Comparison of extracted features in C3 region EEG data (theta and beta

band) between sequential periods in patients

Mean+ p Mean=+ P

Bands | Periods | Std. Dev. |Value|Bands|Periods| Std. Dev. |Value

RL-N

Thet@ | R1-N | 0,002100+ | 0,015 | 10,031170+ | 0,159
0,060805 0,064259

Theta | N-R2 [ 0,013900+ | 0,608 [ o | N-R2 | 0023100+ | 0,549
0,082661 0,117403

Theta | Ro- M [-0,057920+ | 0,576 [ | R2-M | -0066730+ | 0,417
0,315509 0,248158

Iﬁﬁé"" M-R3 |-0,003080= | 0,834 Eaert]?j M-R3 [ 0,007500+ |0,789
0,045104 0,085963

Theta | Ri-R2 | 0,016000+ | 0,622 o | R1-R2 | -0,008070+ | 0,787
0,098974 0,091532

Igﬁéa R1-M | -0,04192+ | 0,677 Eaert]?j R1-M | -0,074800+ |0,364
0,307521 0,247440

Theta | R1-R3 [-0,045000+ | 0,649 [ 2% | R1-R3 | -0,067300+ | 0,454
0,302210 0,272199

Igﬁéa N-M |-0,044020+ | 0,660 Eaert]?j N-M [ -0,043630+ | 0,611
0,306194 0,262110

Theta | N-R3 [-0,047100+ | 0,635 o | N-R3 | -0036130+ | 0.683
0,302737 0,270832

I;‘ﬁéa R2-R3 |-0,061000+ | 0,541 | oy | R2-R3 | -0,059230+ | 0,516
0,303507 0,277111

Table 4.30 shows that there is no significant difference for theta and beta bands between

sequential periods for patients at C3 channel.

68




Table 4.31 Comparison of extracted features in C4 region EEG data (alpha and delta
band) between sequential periods in patients

Mean:+ p Mean=+ P

Bands | Periods| Std. Dev. |Value|Bands | Periods| Std. Dev. |Value

Do | R1-N | 0,033050+ | 0381 | PR | R1-N | -0,005390+ |0,930
0,116672 0,189877

DA | Rz [-0,008020+ | 0,287 [P | NR2 | 0037910+ | 0,276
0,007530 0,103371

Eaer:ga R2- M |-0,064210+ | 0,344 Q;rﬁ’ga R2- M | -0,040070+ | 0,659
0,203275 0,277492

E;r:fja M-R3 | 0,000060+ | 0,961 Q;ﬁga M-R3 | -0,029650+ |0,159
0,003781 0,061101

Dot | R1-R2 [ 0,030930+ | 0,408 [P | R1-R2 | -0,043300+ | 0,243
0,112901 0,109489

Dot | R1-M |-0,033280+ | 0279 [P0 | R1-M | -0,083870+ |0,363
0,091452 0,275390

Do | R1-R3 [-0,033220+ | 0,282 [1PM | R1-R3 | -0,113020+ | 0,259
0,091796 0,296958

E;r:fja N-M 1-0,067230+| 0,345 Q;ﬁga N-M | -0,077980+ | 0,398
0,207147 0,278126

DA | NRs [-0,067170+ | 0,332 [P | NR3 | 0107630+ | 0,224
0,207200 0,260359

Dea | Ro-R3 [-0,064150+ 0,332 [APM | Ro-R3 | -0,069720+ | 0,451
0,203343 0,279709

Table 4.31 shows that there is no significant difference for delta and alpha bands

between sequential periods for patients at C4 channel.
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Table 4.32 Comparison of extracted features in C4 region EEG data (theta and beta

band) between sequential periods in patients

Mean:+ p Mean=+ P

Bands | Periods| Std. Dev. |Value|Bands | Periods| Std. Dev. |Value

Qﬁ;"" R1-N | 0,061870+ | 0,193 Eaert% R1-N | 0,033880+ | 0,364
0,138907 0,112180

Theta | N-R2 [-0,003020+ 0,287 [ 53 | N-R2 | -0,008550+ | 0,762
0,007530 0,086484

g:r?éa R2- M [-0,064210+| 0,344 | P | R2-M | -0,068400+ | 0,342
0,203275 0,215808

Iﬁﬁé"" M-R3 | 0,000060+ | 0961 | oy | M-R3 | 0,019770+ 0,771
0,003781 0,208532

The'a | Ri-R2 | 0,058850+ 0,206 [ o | R1-R2 | 0025330+ | 0,443
0,136443 0,099937

Igﬁéa R1-M |-0,005360+ | 0,903 Eaert]?j R1-M | -0,043070+ | 0,541
0,135705 0,214521

I;‘ﬁ;a R1-R3 [-0,005300+ | 0,904 Eaert% R1-R3 | -0,023300+ |0,830
0,135672 0,332529

Igﬁéa N-M 1-0,067230+| 0,332 Eaert]?j N-M | -0,076950+ | 0,286
0,207147 0,214632

Theta | N-Rs [-0,067170+ | 0,332 [ o | N-R3 | -0057180+ | 0,529
0,207200 0,276382

Theta | Ro.R3 [-0,064150+ | 0,345 [ 53 | R2-R3 | -0,048630+ | 0,648
0,203343 0,325684

Table 4.32 shows that there is no significant difference for theta and beta bands between

sequential periods for patients at C4 channel.
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Table 4.33 Comparison of extracted features in P3 region EEG data (alpha and delta
band) between sequential periods in patients

Mean=+ p Mean+ P

Bands | Periods| Std. Dev. |Value|Bands | Periods | Std. Dev. |Value

Eaer::ja R1-N [0,007491+ | 0,388 Q;ﬁga R1-N | 0,027010+ |0,298
0,027501 0,077341

t?:r:ga N-R2 1-0,001718 0,706 bA;ﬁQa N-R2 | -0,006700+ | 0,840
0,014659 0,102116

Do | Ro- M |-0,064127:| 0343 | FAPR | Ro- M | -0,095220+ | 0,284
0,213755 0,264232

DA | \1.R3 [-0,002409+ | 0,13 [P | M-R3 | 0008400+ | 0,462
0,004977 0,034554

E;r:fja R1-R2 [ 0,005773= | 0,601 g\gﬁga R1-R2 | 0,020310+ | 0,386
0,035476 0,070477

DeNA | R1-M [-0,058355+ | 0,327 [1PM | R1-M | -0074910+ | 0,402
0,187663 0,269634

Do | R1-R3 |-0,060764+ | 0306 [Pt | R1-R3 | -0,066510+ |0,462
0,186627 0,273833

E;r:fja N-M 1-0,065845+| 0,304 Q;ﬁga N-M [ -0,101920+ | 0,256
0,201638 0,265785

DA | NRs [-0,088255+ | 0,286 [F1PM* | N-R3 | -0,093520+ | 0,308
0,200835 0,273546

Eaen'ff R2-R3 |-0,066536+ | 0,324 Q;ﬁga R2-R3 | -0,086820+ | 0,329
0,212958 0,266281

Table 4.33 shows that there is no significant difference for delta and alpha bands

between sequential periods for patients at P3 channel.
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Table 4.34 Comparison of extracted features in P3 region EEG data (theta and beta

band) between sequential periods in patients

Mean:+ Y Mean=+ p

Bands | Periods| Std. Dev. |Value|Bands |Periods| Std. Dev. | Value

Qﬁé"" R1-N |-0,005580+ | 0,762 Eaer:z R1-N | 0,081255+ | 0,112
0,056438 0,162020

Iahﬁéa N-R2 | 0,014560+ | 0,329 Eae;f‘j N-R2 | -0,064545+ | 0,222
0,044573 0,164466

Thet | Ro- M [ -0,083060+ 0,350 | 2% | R2- M | -0,078555+ | 0,279
0,272004 0,227665

T | M-Rs |-0095400+ | 0,339 [ o | M-R3 | -0,012501+ | 0371
0,298551 0,044618

Thet | p1-R2 | 0,008080+ 0,697 | 2% | R1-R2 | 0,016700+ | 0,502
0,070587 0,079576

g:ﬁ;a R1-M (-0,074080+ | 0,421 Eaert]z R1-M | -0,061845+ | 0,380
0,277551 0,223137

I:ﬁéa R1-R3 |-0,169480: | 0,161 Eae;"é R1-R3 | -0,074436+ | 0,305
0,351230 0,228301

TR N-M|-0068500+ | 0,447 [ A | N-M- | -0,143100+ |0,052%
0,272445 0,214735

Thet | NR3 [-0,163000+ 0,184 |52 | N-R3 | -0,155691+ |0,039%
0,360224 0,217629

Thet | po-R3 [-0,178460+ 0,147 | 2%% | R2-R3 | -0,091145+ | 0,224
0,355186 0,233295

Table 4.34 shows that there is significant differences for theta and beta bands between

N-M (p=0,052) and N-R3 (p=0,039) periods at P3 channel in patients.
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Table 4.35 Comparison of extracted features in P4 region EEG data (theta and beta

band) between sequential periods in patients

Mean:+ Y Mean+ p

Bands | Periods| Std. Dev. |Value|Bands| Periods| Std. Dev. | Value

T | R1-N |-0003680+ | 0,862 [f o | RI-N | 0013470+ | 0471
0,065018 0,056618

e NR [-0.006280+ 0,886 |25 | N-R2 | 0,010790+ | 0,785
0,044557 0,121399

T | Ro- M |-0080060+ | 0,514 o | R2-M | -0,088460+ | 0,287
0,279291 0,220919

I:ﬁéa M-R3 |-0,033890+ | 0,088 Eae;"é M-R3 | 0,031250+ | 0,550
0,056026 0,159287

Z;‘ﬁéa R1-R2 |-0,009960+ | 0,677 Eaert]z R1-R2 | -0,002680+ | 0,936
0,073288 0,103087

Thet | Ri-m [-0,070020+ (0,435 | 2% | R1-m | -0,091140+ | 0,16
0,270803 0,206558

T | R1-R3|-0103910+ | 0,238 [ o | R1-R3 | -0,059890+ | 0,468
0,256600 0,249968

g:ﬁ;a N-M 1-0,066340+ | 0,459 Eaert]z N-M [ -0,077670+ | 0,275
0,270981 0,211292

Tt | N-R3 [-0,100280+ 0,249 [ 2% | N-R3 | -0,046420+ | 0,584
0,256958 0,258765

T8 | Ro.R3|-0093950+ | 0,289 [ o | R2-R3 | 0,057210+ | 0572
0,263811 0,308196

Table 4.35 shows that there is no significant difference for theta and beta bands between

periods for patients at P4 channel.
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Table 4.36 Comparison of extracted features in P4 region EEG data (delta and alpha

band) between sequential periods in patients

Mean+ p Mean+ p

Bands | Periods| Std. Dev. |Value|Bands| Periods| Std. Dev. | Value

Dt | R1-N | 0038230+ 0,862 | H P | R1-N | 0013470+ | 0,350
0,122567 0,056618

Dt N-R [ 0,003020+ | 0,666 || N-R2 | 0010790+ | 0530
0,014608 0,121399

E:r:ga R2- M | -0,070750+ | 0,514 Abma R2-M | -0,088460+ | 0,341
0,222389 0,220919

E:r:ija M-R3 | 0,001340+ | 0,088 Abﬁéa M-R3 | 0,031250+ | 0,688
0,010207 0,159287

Dot | R1-R2 | 0041250+ 0,677 | P | R1-R2 | -0,002680+ | 0,347
0,131550 0,103087

Dot | R1-m [-0,02500+ 0,435 | P2 | R1-M | 0091140+ | 0,387
0,092817 0,206558

Dot | R1-Rg |-0028160= | 0,230 | 2P | R1-R3 | 0059890+ | 0,362
0,092817 0,249968

Dot | N-M|-0067730= | 0,450 | AP | M | 0077670+ | 0,342
0,213438 0,211292

Det | N-R3 |-0,066390=| 0249 | > | N-R3 | -0,046420= | 0,352
0,213761 0,258765

Do | Ro-R3 |-0,069410+( 0,289 | AP | R2-R3 | 0,057210+ | 0,349
0,222262 0,308196

Table 4.36 shows that there are no significant differences for alpha and delta bands

between periods for patients at P4 channel.
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Table 4.37 Comparison of extracted features in F3 region EEG data (alpha and delta

band) between sequential periods in controls

Mean= p Mean: D

Bands | Periods | Std. Dev. | Value | Bands | Periods | Std. Dev. | Value

E;r!&a R1-N |-0,004430+ | 0,621 bA;ﬁQa R1-N | 0,057820+ | 0,372
0,027402 0,194407

Dol | Rz [ 0,008860+ |0,056* |1 | N-R2 | -0,088320+ | 0,159
0,009891 0,181936

E:r!ga R2- M [ 0,003550+ | 0,473 bA;ﬁQa R2-M | 0070440+ | 0,232
0,014981 0,173832

Dot |\ [-0,002140+ | 0,536 [Pt | M-R3 | -0,060940+ | 0,330
0,010526 0,186971

D | R1-R2 | 0,002430+ | 0,827 A1 | R1-R | -0,030500+ |0,024*
0,034209 0,035580

Eae,!? R1-M | 0,005980+ | 0,562 bAJEQa R1-M | 0,039940+ | 0516
0,031410 0,186892

Eaer:ga R1-R3 [ 0,003840+ | 0,709 bA;ﬁga R1-R3 | -0,021000+ | 0,255
0,031539 0,054609

DA | N-M | 0,010410 [ 0,086% [P N-m- | -0,017880+ | 0355
0,015708 0,057988

Dot | NRs [ 0,008270+ | 0,072 [P N-R3 | 0078820+ | 0,249
0,017608 0,202269

E;r:ga R2-R3 [ 0,001410+ | 0,791 bA;ﬁga R2-R3 | 0,009500+ | 0,562
0,016340 0,049840

Table 4.37 shows that there is significant differences for delta band between N-R2

(p=0,056) and there is no significant differences for alpha band between periods at F3

channel in controls.
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Table 4.38 Comparison of extracted features in F3 region EEG data (theta and beta

band) between sequential periods in controls

Mean= p Mean: D

Bands | Periods| Std. Dev. | Value |Bands | Periods| Std. Dev. | Value

TR Ri-N |-0001170+ | 0,891 [ A | R1-N | -0,007640+ | 0,736
0,026184 0,069392

et | NR2 [ 0,031340+ | 0,100 | 2% | N-R2 | 0,007690+ | 0,815
0,054008 0,101109

T | Ro-m | 0016130+ | 0,495 [ 252 | R2-M | 0,001450+ | 0973
0,071708 0,132070

Tt | \1.R3 [ -0,030640+ 0,089+ | P | M-Rs | -0,020240+ | 0,306
0,046978 0,071827

Z;‘ﬁéa R1-R2 [ 0,030170+ | 0,156 Eaer:?j R1-R2 | 0,000050+ | 0,998
0,061551 0,067145

Thet | pi-m | 0,0a63005 | 0,023 | 2% | R1-m | 0,001500+ | 0,965
0,053538 0,104045

Z:ﬁ;a R1-R3 | 0,015660=+ | 0,273 Eaer:?j R1-R3 | -0,018740+ | 0,451
0,042404 0,075249

Z;‘ﬁ;a N-M | 0047470+ 0,040%| 5% | N-M | 0,009140% | 0,607
0,062781 0,054183

et | NRa | o16830+ | 0,163 |2 | N-R3 | -0,011100+ | 0,505
0,035000 0,050615

Z:ﬁéa R2-R3 |-0,014510+ | 0,408 E’:rt% R2-R3 | -0,018790+ | 0,621
0,052924 0,116011

Table 4.38 shows that there is significant differences for theta band between M-R3

(p=0,069) and there is no significant differences for beta band between periods at F3

channel in controls.
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Table 4.39 Comparison of extracted features in F4 region EEG data (alpha and delta

band) between sequential periods in controls

Mean= p Mean: D

Bands | Periods| Std. Dev. | Value |Bands | Periods| Std. Dev. | Value

E;r!&a R1-N | 0,009920+ | 0,198 bA;ﬁQa R1-N | 0,016880+ | 0,568
0,022578 0,090185

E;'ga N-R2 | 0,002460+ | 0,822 bAgﬁga N-R2 | -0,018170+ | 0,523
0,033542 0,086438

E:r!ga R2- M | 0,021470+ | 0,097 bA;ﬁQa R2-M | 0,022610+ | 0,240
0,036622 0,056875

Dot |\ [-0,007760+ | 0,520 [P | MR | -0,007900+ | 0,806
0,036679 0,098888

D | R1-R2 | 0012380+ | 0328 1M | R1-R2 | -0,001200+ | 0,877
0,037820 0,025719

Dot | Ri-m [ 0,033850+ | 0,113 [P Ri-m | 0021320+ | 0271
0,060878 0,057511

D | R1-R3 | 0,026000: | 0176 [0 | R1-R3 | 0,013420+ | 0,563
0,056152 0,070645

D | N-M | 0023930 | 0234 [A1PM | N-m | 0,004440+ | 0,789
0,059368 0,051039

Delta |\ r3 | 0016170+ | 0,302 bA;EQa N-R3 | -0,003460+ | 0,935

band 0,046709 0,130179

Dot | Ro-Ra [ 0,013710+ | 0,127 [P Ro-R3 | 00147105 | 0527
0,025748 0,070621

Table 4.39 shows that there is no significant difference for delta and alpha bands

between periods at F4 channel in controls.
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Table 4.40 Comparison of extracted features in F4 region EEG data (theta and beta

band) between sequential periods in controls

Mean: P Mean< p

Bands | Periods | Std. Dev. | Value |Bands | Periods| Std. Dev. | Value

g:r?(tja R1-N |-0,005000=| 0,642 |°*® | R1-N | -0,005180+ | 0,447
0,033504 band 0,022055

e | NR2 | 0,001440+ | 0,860 |2 | N-R2 | 000901+ | 0,189
0,025055 band 0,020047

g:r?;a R2-M | 0027170+ | 0,107 | **® | R2-M | 0,023660+ | 0,196
0,047930 band 0,053548

I;"ﬁéa M-R3 [-0,003950+ | 0,755 Eae;"é M-R3 | -0,011100+ | 0,511
0,038802 0,051259

Thet | p1-Ro [-0,003650+ | 0,687 |2 | R1-R2 | -0,014190+ | 0,004
0,027687 band 0,023931

g:ﬁ;a R1-M | 0023520+ | 0,176 | o | R1-M | 0,000470+ | 0,582
0,050691 0,052442

Z;‘ﬁéa R1-R3 ] 0,019570+ | 0,079 Eaer:?j R1-R3 | -0,001630+ | 0,886
0,031288 0,035104

I;?;a N-M | 0,028610+ | 0,104 Eaer% N-M | 0,014650+ | 0,265
0,050053 0,038993

T2 | N.R3 | 0024660+ |0,008*| o | N-R3 | 0,003550+ | 0,695
0,022758 0,027753

Thet | po-R3 | 0,023220+ 0,018+ | P | R2-R3 | 0012560+ | 0,16
0,025485 0,028408

Table 4.40 shows that there is no significant difference for theta and beta bands between

periods at F4 channel in controls.
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Table 4.41 Comparison of extracted features in C3 region EEG data (alpha and delta

band) between sequential periods in controls

Mean= p Mean: D

Bands | Periods | Std. Dev. | Value | Bands | Periods | Std. Dev. | Value

E;r!&a R1-N | 0,016750+ | 0,475 bA;ﬁQa R1-N | 0,030950+ | 0,157
0,071114 0,063465

Do | Rz [-0,018540+ | 0,267 [P | N-R2 | 0019050+ | 0,550
0,049505 0,096923

E;r!&a R2- M [ 0,010860+ | 0,409 bA;ﬁQa R2-M | 0,010690+ | 0,627
0,039641 0,067237

Dot | \1.R3 [ 0,000530+ | 0,051 [P | M-R3 | 0021660+ | 0,438
0,026526 0,084366

Eaer:ga R1-R2 (-0,001790+ 0,915 bA;ﬁga R1-R2 | 0,011900+ | 0,382
0,051809 0,040972

Dot | R1-m [ 0,000070+ | 0,637 [P | R1-M | 0022590 |0,064%
0,058693 0,033784

D | R1-R3 | 0,009600: | 0569 [0 | R1-R3 | 0,000980+ | 0,969
0,051323 0,073492

E;r:ga N-M [-0,007680+| 0,233 bA;ﬁQa N-M | -0,008360+ | 0,533
0,018989 0,040809

Dot | NRs [-0,007150+ | 0853 [P | N-R3 | 0030020+ | 0,401
0,036682 0,107744

Do | Ro-R3 | 0,011390: | 0,205 | 4P| R2-R3 | -0,010070+ | 0670
0,026362 0,078808

Table 4.41 shows that there is significant differences for alpha band between R1-M

period and there is no differences for delta bands between periods at C3 channel in

controls.
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Table 4.42 Comparison of extracted features in C4 region EEG data (theta and beta

band) between sequential periods in controls

Mean=+Std. p Mean p

Bands | Periods Dev. Value |Bands | Periods| Std. Dev. | Value

T | R1-N |-0005340+ | 0,416 [ 8 | RI-N | -0,001420+ | 0917
0,019823 0,042054

g:r?;a N-R2 [ 0,011760+ | 0,300 [P¥? | N-R2 | -0,017510+ | 0,204
0,033803 band 0,030600

T | Ro-m | 0018290+ | 0,187 [**® | R2-M | 0,012080+ | 0,156
0,040520 band 0.026489

g:ﬁ;a M-R3 |-0,008930+ | 0,521 |P*® | M-R3 | 0,003300+ | 0,811
0,042253 band 0,043627

Z;‘ﬁéa R1-R2 | 0,006420+ | 0,554 Beld | piRo -0,018930+ | 0,093
0,033006 band 0031834

g:ﬁ;a R1-M | 0,024710+ | 0,203 |P*® | R1-M | -0,005950+ | 0,698
0,056874 band 0,046945

Z;‘ﬁéa R1-R3| 0,015780+ | 0,223 Beld | piR3 -0,002560+ | 0,851
0,038159 band 0,041811

Z:ﬁ;a N-M | 0030050+ | 0,119 | o | N-M | -0,004530+ | 0,582
0,055146 0,025102

et | NRa [ 0,021120+ | 0,005 | 2% | N-R3 | -0,001140+ | 0,921
0,035767 0,035392

Thet | po-R3 | 0,000360+ | 0,361 | 2% | R2-R3 | 0016870+ | 0,134
0,030776 0,031466

Table 4.42 shows that there is no significant difference for theta and beta bands between

periods at C4 channel in controls.
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Table 4.43 Comparison of extracted features in C4 region EEG data (alpha and delta

band) between sequential periods in controls

Mean: P Mean< p

Bands | Periods| Std. Dev. | Value | Bands| Periods| Std. Dev. | Value

E;!ff R1-N | 0,008530+ | 0,497 bA;ﬁQa R1-N | 0021540+ |0,058*
0,038098 0,031338

Dot | Rz [-0,011810+ | 0,455 [P N-R2 | 0010570+ | 0,507
0,016906 0,048329

Dot | Ro- M | 0,006380+ | 0,121 [P Ro- M | 0006100+ | 0,707
0,011793 0,065187

D9 | \1-R3 | 0,000350: | 0957 [F1PM%| M-Rs | 0,004620+ | 0,818
0,019874 0,061661

Dot | R1-R2 [-0,003280+ | 0,730 [P | R1-R2 | 0082110+ |0,008%
0,029099 0,029854

Eaer:ga R1-M [0,003100+ | 0,777 bA;ﬁQa R1-M | 0038210+ |0,039*
0,033654 0,050051

Do | R1-R3 [ 0,003450+ | 0,644 [P R1-R3 | 0042830+ |0,046%
0,022841 0,058499

E;r:ga N-M 1-0,005430+| 0,047 bA;ﬁQa N-M | 0,016670+ | 0,363
0,007467 0,055073

Dol | NRs [-0,005080+ | 0528 [P | N-R3 | 00212905 | 0,372
0,024490 0,071674

Dot | Ro-R3 [ 0,006730+ | 0,343 [P | Ro-R3 | 0010720+ | 0,598
0,021250 0,061997

Table 4.43 shows that there is a significant difference for alpha band. There is a higher

significant difference than other bands and there is no significant differences for delta,

bands between periods at C4 channel in controls.
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Table 4.44 Comparison of extracted features in C4 region EEG data (theta and beta

band) between sequential periods in controls

Mean: P Mean< p

Bands | Periods| Std. Dev. | Value |Bands | Periods| Std. Dev. | Value

T | R1-N |-0000340+ | 0,074 [5% | R1-N | 0000140+ | 0967
0,031542 0,010362

e | NR2 [ 0015210+ | 0,416 | 2% | N-R2 | -0,008440+ | 0,123
0,056401 0,015689

Iahﬁéa R2- M | 0,004300< | 0,804 Eae;f‘j R2-M | 0,027990+ | 0,181
0,053319 0,060998

Z:ﬁ;a M-R3 | 0,008320+ | 0,661 Eaer:?j M-R3 | -0,018140+ | 0,430
0,058099 0.069467

Thet | p1-Ro [ 0,014870+ | 0,358 | 2% | R1-R2 | -0,008300+ | 0,184
0,048549 0,018259

T | Ri-m | 0019170+ | 0275 [E5A | R1-M | 0,019690+ | 0275
0,052142 0,053548

Thet | p1-R3 | 0,027490+ | 0,156 | 2% | R1-Rs | 0001550+ | 0,675
0,056167 0,030318

T oM | 0019510+ | 0318 [oa | N-M | 0,019850+ | 0,254
0,058334 0,050748

I:ﬁéa N-R3 [ 0,027830+ | 0,188 E;rt]z N-R3 | 0,001410+ | 0,897
0,061782 0,033478

Thet | po-R3 | 0,012620+ | 0,269 | P | R2-R3 | 0,000850+ | 0,318
0,033841 0,029441

Table 4.44 shows that there is no significant difference for theta and beta bands between

periods at C4 channel in controls.
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Table 4.45 Comparison of extracted features in P3 region EEG data (alpha and delta

band) between sequential periods in controls

Mean+ p Mean+ p

Bands | Periods | Std. Dev. | Value [Bands| Periods| Std. Dev. | Value

Delta Alpha

band | R1-N | 0,031040+ |0,011*|band | R1-N | 0,030910+ |0,034*
0,030794 0,039273

Delta Alpha

band | N-R2 [-0,013490+| 0,122 |band | N-R2 | -0,005450+ | 0,811
0,024960 0,069966

Delta Alpha

band | R2- M | 0,009850+ | 0,471 |band | R2-M | 0,007750+ | 0,724
0,041383 0,067160

Delta Alpha

band | M-R3 |-0,006430+| 0,590 |band | M-R3 | -0,005280+ | 0,785
0,036438 0,059265

Delta Alpha

band | R1-R2 | 0,017550+ | 0,186 |band | R1-R2 | 0,025460+ | 0,109
0,038754 0,045319

Delta Alpha

band | R1-M | 0,027400+ |0,043*|band | R1-M | 0,033210+ |0,032*
0,036695 0,041331

Delta Alpha

band | R1-R3| 0,020970+ | 0,205 |band | R1-R3 | 0,027930+ | 0,102
0,048492 0,048474

Delta Alpha

band | N-M |-0,003640+| 0,754 |band | N-M | 0,002300+ | 0,837
0,035687 0,034324

Delta Alpha

band | N-R3 |-0,010070+| 0,573 |band | N-R3 | -0,002980+ | 0,893
0,054450 0,068296

Delta Alpha

band | R2-R3| 0,003420+ | 0,845 |band | R2-R3 | 0,002470+ | 0,814
0,053762 0,032322

Table 4.45 shows that there is significant differences for delta band between R1-N

periods and there is significant differences for alpha bands between R1-N and R1-M

periods at P3 channel in controls.
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Table 4.46 Comparison of extracted features in P3 region EEG data (theta and beta

band) between sequential periods in controls

Mean= p Mean: D

Bands | Periods| Std. Dev. | Value [Bands| Periods| Std. Dev. | Value

T | R1-N | 0005810+ | 0,744 [F5A | R1-N | -0,005240% | 0,280
0,054608 0,014423

Thet | NR2 | 0,008120+ | 0,658 | 2°% | N-R2 | -0,008420+ | 0,090
0,056036 0,005699

T | Ro-M | 0034260+ | 0,055*| o | R2-M | 0,001330+ | 0274
0,049266 0,003606

Thet | \1.R3 [-0,010850+ | 0,340 | P | M-Rs | 0,004230+ | 0,175
0,062337 0,009084

T | R1-R2 | 0013930+ | 0,432 [ 58 | R1-R2 | -0,008660+ |0,067%
0,053498 0,013174

g:ﬁ;a R1-M | 0048190+ |0061%| o | R1-M | -0,007330+ |0,084*
0,071121 0,011925

Z;‘ﬁéa R1-R3 | 0,028340+ | 0,097 Eaer:?j R1-R3 | -0,003100+ | 0,529
0,048426 0,014981

TR N-M | 0042380+ | 0,100 [52 | N-M | -0,002000+ | 0,229
0,075437 0,005116

Thet | NRa [ 0022530+ | 0,244 | B2 | N-R3 | 0,002140+ | 0,545
0,057129 0,010771

T | Ro-Ra | 0014410+ | 0,301 [ 2% | R2-R3 | 0,005560+ |0,056%
0,041517 0,008023

Table 4.46 shows that there is significant differences for theta band between R2-M, R1-
M periods and there is significant differences for beta bands between R1-R2, R1-R2 and

R2-R3 periods at P3 channel in controls.
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Table 4.47 Comparison of extracted features in P4 region EEG data (alpha and delta

band) between sequential periods in controls

Mean: P Mean< p

Bands | Periods| Std. Dev. | Value | Bands| Periods| Std. Dev. | Value

E;r!ff R1-N | 0,008760+ | 0,128 bA;ﬁQa R1-N | 0,030330+ | 0,217
0,016542 0,072170

Do | Rz [-0,008920+ | 0,348 [P N-R2 | 0014510+ | 0,528
0,022092 0,069988

Do | Ro- M [ 0,013070= | 0,413 [P Ro- M | 005070+ |0,056%
0,048113 0,073801

E;r:ff M-R3 | 0,004720+ | 0,783 bA;ﬁQa M-R3 | -0,020690+ | 0,510
0,052481 0,095479

Dot | R1-R2 [ 0,001840+ | 0,613 [P | R1-R2 | 0015820+ | 0,536
0,011099 0,077678

D | R1-M | 0014910+ | 0351 [A1"| Ri-m | 0,066890+ |0,083*
0,047972 0,084134

Dot | R1-R3 [ 0,019630+ | 0,117 [P\ | R1-R3 | 0046200+ | 0,154
0,035855 0,093900

E;r:ga N-M [ 0,006150+ | 0,690 bA;ﬁQa N-M | 0,036560+ | 0,027
0,047145 0,043673 *

Dol | NRs [ 0,010870+ | 0,465 [P N-R3 | 0015870+ | 0,587
0,045103 0,089122

E;!E,a R2-R3 | 0017790+ | 0,194 |AP"8| Ro-r3 | 0,030380+ |0,048*
0,040084 band 0,041981

Table 4.47 shows that there is significant differences for alpha band between R2-M, R1-
M, N-M and R3-R3 periods and there is no significant differences for delta bands

periods at P4 channel in controls.
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Table 4.48 Comparison of extracted features in P4 region EEG data (theta and beta

band) between sequential periods in controls

Mean: P Mean< p

Bands | Periods | Std. Dev. | Value |Bands | Periods| Std. Dev. | Value

g;ﬁéa R1-N | 0,015760+ | 0,175 Bel@ | RiN 0,003590+ | 0,342
0,033851 band 0,011315

T N-R2 | 0014090+ | 0,181 58 | N-R2 | -0,007850+ |0,055%
0,030700 0,011243

g;ﬁéa R2-M | 0,011630+ | 0,494 Be@ | po. M 0,009330+ | 0,284
0,051593 band 0,025881

T | M-rs | 0012770+ | 0,405 [ 252 | M-R3 | -0,004860+ | 0,706
0,046258 0,039413

Thet | p1-R | 0,020850+ (0,020 B | R1-R2 | -0,004260+ | 0,269
0,036372 band 0,011432

IQ,?;a R1-M | 0,041480 | 0,032 Eae;"é R1-M | 0,005070+ | 0,510
0,051591 0,023370

T2 | R1.R3 | 0054250+ |0,026*| o | R1-R3 | 0,000220+ | 0984
0,064346 0,032875

T M [ 0,0257205 | 0,246 | B2 | N-m | 0001480+ | 0,840
0,065589 0,022499

Qﬁé"" N-R3 | 0,038490+ | 0,63 E;rt% N-R3 | -0,003380+ | 0,690
0,057322 0,025969

Z;‘ﬁ;a R2-R3 | 0024400+ | 0115 [ o | R2-R3 | 0,004470+ | 0,596
0,044279 0,025702

Table 4.48 shows that there is significant differences for theta band between R1-R2, R1-

R3 periods and there is significant differences for beta bands between N-R2 periods at

P4 channel in controls.
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CHAPTER 5

DISCUSSION

In recent years, psychiatric disorders are increaing rapidly in our country and our world.
One of the most dangerous disease is panic disorder and result of this increasing panic

attacks.

Human brain can not be directly observed and scientists use indirect techniques because
of not taking pieces from brains unlike other organs. Biochemical disorders of brain can
be investigated in laboratory and imaging of brain structure gives information about
biological structure in psychiatry. On the other hand bioelectrical functions are
measured by EEG. Electrophysiological data and variables are expressed for differential
diagnosis, monitoring, determining response of treatment in psychiatry. Psychiatric
disorders effects waves of brain in the literature. In adults, young adults and childrens
with psychological disorders such as panic disorder, the treatment with measuring of

brain functions is wanted goal.

Generally, scientists investigate prolongation of brain wave by using auditory stimulus.
In 2002, Tayfun Turan and his friends investigate event-related potential (ERP) changes
in panic disorder. ERPs were recorded by using auditory ‘‘odd-ball two-tone
discrimination task’” method. It was found that there was significant prolongation in P3
latency in the PD [129]. Jijun Wang and his friend used to target to explain amplitude of
negative 200 which is brain wave, reduced in PD patients using oddball paradigm in

2003 [130]. In previous studies, EEG signals were analyzed in time axis.

The aim of our study is to save the brain signals and determine how brain waves change
using advanced engineering methods (for the signals obtained, using of wavelet
transform and the dividing into EEG lower frequency to take the entropy), compare
changes between the records and evaluate by giving main auditory stimuli (the sound of
an ambulance and relaxing sound) to the panic disorder patients by
electroencephalography (EEG). The record began with resting state (R1), after N period
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again resting state started (R2) and after M period, last resting state (R3) began. During
the recording patients and control groups sat up chair and they did not move. Their eyes
closed during EEG data recording. Recorded EEG signals were analysed in MATLAB
withusing discreate wavelet decomposition. It decomposed data to sub bands such as
alpha, beta, delta, and theta. Independent sample t-test and paired sample t-test were
used to explain significantly differences.

After signal processing, bands showed some differences between periods. When values
of patients and controls data are evaluated, some changes are observed with using

independent sample t-test program.

Especially beta bands in all periods show high significant differences that can be
discriminate both groups from each other in all channels. Beta band is more significant
in all channels. Beta band is high frequency band. Beta waves are connected with active
brain and alert state of mind [131]. Alpha bands have no significant differences in
channel without F3 and F4 channel. Delta and theta didn’t show significant differences
in F4, C3, C4, P3 channels.

Theta waves are associated with drowsiness of an individual. Frontal midline theta
(named like this because of its localization on scalp) is seen during a large variety of
tasks like mental calculation. According to a study, pleasant music increases frontal
midline theta power [132]. In my study theta band has a significant difference in R1
state in F3 channel and in R3 period. We may say our relaxation music does not much

related to drowsiness of individual and aren’t very effective on theta band.

In most channel of patients, the mean of SE vlaues is increasing until M period. Noise
increases mean of SE values of patients. After listening music, the mean of SE values
are decreasing in patients. This is expected result. The music makes a relax to panic

disorder patients. In generally, controls doesn’t effect by relaxing music.

Limitations of the this study are that the number of subjects is not so much for
significant differences statistically. In another study, the procedure can be changed. Ten
minutes procedure with eyes closed, may felt long to subjects. Time can be shortened.
Procedure can be only a resting and a noise periods. During recording of EEG data,
subjects were under stress and they sweat. The room where the patient may be large and
spacious. Different types of sound can be tested at different times. Because it was
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difficult to convince the subjects to procedure, there was not much subject. More

subjects can be used for more accurate statistic measurements.

As a conclusion, the distinctive features between panic disorder patients and controls
based on EEG signals with the help of advanced engineering methods were
investigated. They are thought that they are useful attributes. Design of expert systems
are considered for objective distinguished features in psychiatry and relaxing music may

be listened to the patients with panic disorder to be relax.
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APPENDICES

APPENDIX A

Bilgilendirilmis Onam Formu

Bezmialem Vakif Universitesi Tip Fakiiltesi Hastanesi’'nde “Panik bozukluk tanisina
yonelik elektrofizyolojik parametrelerin miithendislik yontemleriyle degerlendirilmesi
ve psikiyatrik Olgeklerle iligskilendirilmesi” isimli tez c¢alismasi kapsaminda 60
katillmcidan bazi elektrofizyolojik kayitlar alinacaktir.Calisma kapsaminda EEG
olciimleri alinacaktir. Isitsel uyaran olarak miizik ve siren sesi kullamilacaktir.Bu
calisma esnasinda hicbir girisimsel islemde bulunulmayacak ve herhangi bir ilag
verilmeyecektir. Ayrica kisisel bilgi formu ve iki adet psikiyatrik degerlendirme Slgegi

de uygulanacak.

Calisma kapsaminda elde edilen tiim verilerin ve katilimcilarin isimlerinin gizli
tutulacagi, bilimsel bir amagla bu verilerin toplandigr ve sadece bilimsel ¢alisma

kapsaminda kullanilacaktir.)

Bilgilendirilmis Goniillii Olur Formundaki tiim agiklamalari okudum. Bana, yukarida
konusu ve amaci belirtilen arastirma ile ilgili yazili ve sozlii agiklama Pinar
KARAMIKOGLU tarafindan yapildi ve yapilacak olan arastirma sonrasinda herhangi
bir sorun ya da sorular oldugu zaman ,arastirmayr yapan Pmar KARAMIKOGLU na

telefon veya e-mail adresinden ulasabilecegim bana bildirildi.

(Tel no: 05079514525 e-mail: pnrkaramikoglu@hotmail.com)Arastirmaya goniilli
olarak katildigimi, istedigim zaman gerekgeli veya gerekgesiz olarak arastirmadan hig
bir hakkimi kaybetmeksizin ayrilabilecegimi biliyorum.S6z konusu arastirmaya,hi¢bir

bask1 ve zorlama olmaksizin kendi rizam ile katilmay1 kabul ediyorum.

Katilimct: Arastirmaci:
Tarih: Tarih:
Imza: Imza:
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APPENDIX B

SOSYODEMOGRAFIK OZELLIKLER ANKET FORMU
HASTA ADLSOYADI:
CINSIVETI DOGUM YERI/YILI :
EGITIM DURUMU: mezuniyet yihi: mezun oldugu okul?
HAMILE OLMA VEYA EMZIRME DONEMI DURUMU:
SON MENSTRUASYON TARIHINIZ? bayantar igin )

ALKOL KULLANIM DURLUNL = [ir hafta iperisinds kellananlar alimmayscak)
SIGARA KULLANIM DURUMU:paket/giin?

KAC YILDIR BU RANATSIZLIGINIE YAR? / IIERIIANGI BIR
TEDAVI UYGULANDI MI?

BASKA BIiR PSIKIiYATRIK RAHATSIZLIGINIZ VAR MI?

HIC EKT YAPILDI MI? (YAPILDIYSA NE KADAR SURE ONCEYDI?)
{6 ay igerizsinde yapoiranar almmayacak)

SON 1 HAFTA ICERISINDE ETKEN MADDESI BENZODIAZEPIN VE
SON 3 AYDIR ANTIPSIKOTIK OLAN ILACLAR KULLANDINIZ MI?

{diazem, valivm, xanax, mervium, aiivan, rivetril vh, kullangyoras alimmayacslc)

AILENIZDE NOROLOJIK YA DA PSIKOLOJIK BiR RAHATSIZLIGI
OLAN VAR MI?

BASKA CIDDI BiR mmﬁlzut:_lhu VAR MI? (KALP
RAHATSIZLIGI, DIYABET, TANSIYON )

KULLANDIGINIZ DIGER iLACLAR NELERDIR?

BASKA NOROLOJIK HASTALIK DURUMU:
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APPENDIX C

Beck Anksiyete Olcegi

Hastanin Sovade, Ade. . [T S T

E— "

Sk aarlaem bk v 01 Evd g cldbhian Jamaniards wafyimi kL Bagy bl eibi wB i
Litipr bei raddep dietdle olusurear. (Taha domid, ke muddedeil beknmin BULASN OAHR LOH FIL £1] HAFTARIE Loi ns badas sshal il ST
ani S SygLN yErE [u] § e layareh e eepaad.

-

Hig Tﬂ“"“‘" C:t.;gli:iwd- s Gﬂwm
- ildi ama ka -
Lk il i+ VN farden

=

=

1. Bedeninizin herhangi bir
wifindie uyuyma veya kann-
calanma o

2. 5icak/ avey basmalan

3. Bacaklarda makizlik, titreme

4, GEvgEpemene

5. ok kitd geyler olacak
korkuiu

6. Bas dénmesi veya sersemlik

F. Kalp garpintis

3. Dengeyl kaybeime duygusu

§. Dehgete kapiima

10, Sindrlilik

11, Boguluyormuy gibi alma
duygusu

1 2. Elferde titFema

13, Titreklik

14, Kontrolii kaybetme korauss

1%, Hefes almada giugHik

16, Ham korkusu

17, Eorkwya Kapidma

18. Midede hazimsizik ya da
raharsezli hissi

19, Bayginhik

20, Yizon kezgarmas)
21, Terieme {sicakliga badgi
almayanh

Toplam BECK-A skorut. .. -
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APPENDIX D

BDI (Beck Depresyon Olgegi)

il ) ) ___ Tarih:

Vanerze: Agagida Kigilerin b darsmlanm fade eduriken Kgllandiklan baz _-.-,am!:!,r.r verilmigtir, Her madde, hir
cesit suh durumusn anlatmaktadir, [ler maddede ¢ rub durumurmn dersessing belidayen 4 segendk vendu. Litfen

“ secenchleri dikkadle ckuyunsz. Son bir hafia igindeld (5u an dahil) kendi rub dorumonuze ghz Gninde
valumdusarak, size en uypan olsn ifadey buluruz. Daha sonrs, o maddenin wamndaki rakamin Gzerine (x) iqaren

ROWLIIT,

| 1.Hikziin
| O Fendimi Zzgin higsetmiyarm
| 1 Kendimi Gzgin hssediyoram
% Her zaman igin Gzganim ve kendimi bu duygadan
| usmarampyorum
| 3 Orylesine dzgiin ve muetsuzum ki dayanamiyorum

| 2 Karamsariik

| 0 Gelocekten umumsuz degilim

| 1 Gelseefe birar urutsue bakiyorsm

| 3 Gelecelmen bekledigim hickir ey ok

3 Benim igin bir gelecek yok ve b dumm
dilzelmeyecek

3. Gepmig bagansolikar

0 Kendimi bagarisiz gormTyonm

r 1 Cevremdeki bargok kigiden daha fazla
basarsizliklanm obda sayths

T Gerive doniap baktifimda, fok fazla

bagarmizlifimm
eléngunu gorlyonim

3 Kendimi timayle bagariziz bir inszn elarak
goelyyaram

4 Fevk alamama

0 Hergeydea eskisi kattar zevk alzbiliyerum

1 Hergeyden eskisi kadar zevk alamiyorum

7 Arulk highirpemyden gerpek bir zovic alamiyonum

3 Bana zevk veren highirsey yoke. Her gey golt ailan

5.5ugluluk Duygulan

0 Kendimi sagly hissetmiyorum

1 Arada kir kendimi sugla hissettifim oluyor
2 Kendimi cofunlukla sugle hissediyornm

3 Eendimi ber an igin suglu hissediyoram

. e

B.Cezalandinima Duygulan

0 Cezalendrrldigim digiamiyonam

1 Bazi geyler igin cemalandintabilecsgimi
mzsediponam

2 Ceralandmlmey bekliyanim

3 Cezalapdimidhziom hissediyonom

7. Mendinden heglanmarss

0 Kendimden hogautam

1 Kendimden pek hognut degilim

2 Kendimden hig hoglacanyyonem
3 Kendimden nefret ediyorum

& Kendinl Elestirme

0 Kendimi difer insanlardan daha kitd phrmilyor-m
1 Kendimi zayifliklarim we hatalanim igin
elegtimyerom

1 Eendimi hatalarim igin gofs aman sugluyoram

% Her kil olayda kendimi sugloyonem

4 [nfibar Dilginceler veya lstekleri
I Kendimi Sldtrmek gibi digincelernm yok
1 Bazen keoaiod Sldirmeyi digtintyoram, falat bums

yapmam
2 Kendimi sldiirebiimeyi 1sterdim
3 Bir firsatind bolsam kendimi &ldbreikm

10. Aglarma
0 Her zamarkinden deha fazla agladifims
AT

1 Eckizipe gire su siralarda daha fazla aflyoram
2 5u siralarda her 20 aflyorum

3 Eskiden alayabilirdim, ama gu simlarda istesem de
aflaynmiyorum

1. sayfanin toplame:

avami A ik & an'l'"a :
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11, Siniikik 17 Kelay yorulma
i Heg zamankinden daha sinisli degilim 0t Eskigine kryasla daha ¢abuk yorubduguma senm ryonam
| Her samaniinden daha kolayca sinicleniyor we 1 Eskisinden deha cabak yorulayomm
krzyorum 2 5ia siralasda neredeyse her gey bend yoruyor
1 Cofu zaman sinirliym 3 Oyl yarpamum ki hie bir sey yapamiyerum
3 Fskiden sinirlendifim geylere bile artik .
siniglencariyorum 18.I5tahta Degjigiddic
0 Istahim eskisinden pek farkly deil
12.llgi kayb 1 Istahum eskisi kadar iyi defil
1 Dijer insanlara kara ilgimi kaybetmedien I Su sualarda igtahim epey kitd
1 Eskisine gore insanlarla daha az ilgiliyim 3 Artik hig igtahim yok
2 Dijer Insanlara kargt ilgimin gogung kaybettim
3 Diger insanlara karg: hig ilgim kalmad: 19, Klle Kayb
0 Son ramankarda pek fazla kild kaybettigimi
13 Kararsilik sanmIyarim
0 Kararlarum eskisi kadar kolay ve rahat verebiliyorum | 1 Son zamanlarda istemedigim halde e kiledan fazla
1 50 siralar kararlarim vermeyl ecteliyoram kayhetiim
2 Kararlanim vermekte aldukga glgli cekiyonum 2 Son zamanlarda istemedigim halde beg kilodan fazla
3 Atk hig kerar veremiyonim keayhettim
3 Son zamanlarda istzmedigim halde yedi kilodan fazla
14,Dvg GirGinim aybettim
0 Dy giirlniistimiin exkisinden daha kit aldugunu Daoha ar yersefe caligarak kil kaybermeye peliyrory
SanmIyorm Ewet( ) Hayir [ )
1 Yaslandigimi ve gekiciligimi kaybettifimi dilsindyor
v (ipiiliyorim #1.5ahk Endigesi
2 g gorlinlgiimde artk defistintimesi mdmkdin 0 Saglifyim beni pek endigelendimiyar
olmayan olumsuz degigiklikler aldufunm 1 Son zamanlarda agn, si21, mide bozuklufa, kabahk
hiszediyoram ik
3 Cak cirkin oldofumu ddgindyoram somunlarim var
2 A, s gibi bu skentilarm beni epey
15.Galigma endigelendirdifi
@ Eskist kadar ivi caltgabiliyorum igin bagka geyleri ditglinmek zor geliyor
1 Bir ige baslayabilmek igin eskisine pére kendimi 3 Bu tir sikintilar beni Sylesine endigelendinyer ki, ar
daha bagka highir sey dosinemiyonum
fazla zorlamam gerekiyor
2 Hangi i olursa olsun, yapabilmek igin kendimi gok 21, Cinsel Istegin Kaybolmasi
zoeluyorum @ Son zemanlarda cinsel yasantmda dikkatima geken |
3 Highir i yapamyorum sey yok
1 Eskasime eranla einse] komularla daha az ilgileniyon
16,Uyku dizeninde degigiklik 2 Su mralarda cinsallikle pek ilgili defilim
) Eskisi kadar rahat uyuyabiliyarum 3 Artik cinsellikle hig bir ilzim kalmadi
1 Su siralarda eskisi kadar rabat wyryamiyorum
2 Eskisine gire | veya 2 saat erken uyaniyor ve fekrar
wyumakta zorhuk cekiyorum
3 Eskisine giire pok erken wyancyar ve tekoar ayumakia
raruk pekivopam —
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