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SUMMARY 

 

ANALYSIS OF CARDIAC HEALTH IN PATIENTS SUFFER FROM 
MAJOR DEPRESSIVE DISORDER 

 

Zeynep Beyza ZİLELİ 

 

Biomedical Engineering Programme 

MSc Thesis 

 

Advisor: Prof. Dr. Sadık KARA 

Co-Advisor: Assist. Prof. Dr. Saime AKDEMİR AKAR 

 

The purpose of this study was to investigate the autonomous cardiac activity in mental 
disorder patient with physiological parameters and to determine the connection between 
mental disorder and cardiovascular diseases. In this study, skin temperature, galvanic 
skin response and blood volume pulse signals were recorded from major depressive 
disorder patients and healthy individuals during resting, active and calm auditory 
stimulation periods. Recorded signals were analyzed with signal processing method and 
the results were compared with each other to demonstrate the differences between major 
depressive disorder patients and healthy subjects. This study can be considered ss a first 
study that these signals were collected simultaneously with different auditory stimuli at 
different time periods.  

 

Keywords: Major depressive disorder, heart rate variability, blood volume pulse, 
galvanic skin response, power spectral density. 
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ÖZET 

 

MAJOR DEPRESYONU OLAN HASTALARIN KALP 
SAĞLIKLARININ ANALİZİ 

 

Zeynep Beyza ZİLELİ 

 

Biyomedikal Mühendisliği Programı 

Yüksek Lisans Tezi 

 

Danışman: Prof. Dr. Sadık KARA 

Eş-danışman: Yrd. Doç. Dr. Saime AKDEMİR AKAR 

 

Bu çalışmanın amacı, psikiyatrik rahatsızlıkları olan kişilerde otonom kardiyak 
aktivitenin fizyolojik parametrelerle incelenmesi ve psikiyatrik rahatsızlıklar ile 
kardiyovasküler hastalıklar arasındaki ilişkinin belirlenmesidir. Bu çalışmada vücut 
sıcaklığı, deri iletkenliği yanıtı ve kan hacmi sinyalleri sessizlik, hareketli ve sakin 
işitsel uyaran periyotlarında majör depresyon hastaları ve sağlıklı kişilerden 
kaydedilmiştir. Kaydedilen sinyaller sinyal işleme metoduyla incelenmiş ve sonuçlar 
majör depresyon hastaları ile sağlıklı kişiler arasındaki farklılıkları göstermek için 
birbirleriyle karşılaştırılmıştır. Bu çalışma, bahsedilen sinyallerin farklı uyaranlarla 
birlikte faklı periyotlarda, eş zamanlı olarak kaydedildiği ilk çalışma olarak 
değerlendirilebilir.  

 

Anahtar kelimeler: Majör depresyon, kalp atış değişkeni, kan hacmi, deri iletkenliği 
yanıtı, güç spektral yoğunluğu. 

FATİH ÜNİVERSİTESİ -BİYOMEDİKAL MÜHENDİSLİK ENSTİTÜSÜ 
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CHAPTER 1 

INTRODUCTION 

Psychiatric disorders are one of the major diseases in worldwide and mood disorders are 

the most well-known psychiatric disorders. Major depressive disorder (MDD) has high 

prevalence in general population [1]. 

1.1 Literature Survey 

Many studies were done to examine the relationship between MDD and cardiovascular 

diseases. One of the studies was showed that depressed people had lower Valsalva ratio 

than control group [2] and another study was investigated MDD patients before SSRI or 

SNRI treatment and predominance of sympathetic activation was observed. After 

antidepressant treatment, this imbalance was increased [3]. In another study proved that 

vagal control are negatively correlated with depression severity [4] but other research 

no correlation was found between them [5]. However another study was about 

hypotension and MDD relationship and it was proved that hypotension is also risk for 

MDD patient [6]. Increased skin response was recorded in two different electrical 

stimuli patients but pain perception was decreased. Sympathetic activation increment is 

not directly related to perceived pain [7]. 

1.2 Purpose of the Thesis 

The purpose of this thesis was to compare physiological parameters that were recorded 

from major depressive disorder patients and healthy subjects with resting and auditory 

stimulation periods for showing relationship between major depression and autonomous 
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activity. The differences of autonomous nerve system response to resting, active and 

calm auditory stimulation periods in both patient and healthy group and how these 

changes occur from resting state to active and to calm auditory stimuli periods will be 

investigated. Correlation between psychiatric scaling and extracted features of recorded 

signals and will also be examined.  

1.3 Hypothesis 

The active auditory stimuli will increase heartbeat due to increased sympathetic nerve 

system activation while the calm auditory will decrease heartbeat because of reverse of 

this process in people. If major depression affects autonomous nerve system activation 

then there will be no significant difference between periods in patient group’s 

physiological signals and significant difference in records of control group between 

auditory stimulation and resting state. Comparison between depression patients and 

healthy controls will result significant difference.  
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CHAPTER 2 

MAJOR DEPRESSIVE DISORDER 

In this chapter information about sign and symptoms, diagnosis, epidemiology, etiology 

and treatment of major depressive disorder (MDD) and the relationship between MDD 

and cardiovascular diseases have been discussed. Effects of MDD on heart rate 

variability and galvanic skin response were reported. Psychiatric disorders are extensive 

group of illness and cause disability to people. Most prevalent members of this illness 

are mood disorders.  

2.1 Mood disorder  

Mood disorder is a mental illness that affective experience, a complaint defined by 

operational criteria. In mood disorder, disturbance of mood state is main factor of illness 

[8]. Two main types of mood disorder are recognized. Bipolar disorder, as known as 

manic depression, has manic episodes that show fluctuations between increased energy 

and activity (mania) and low mood state and decreased energy and activity (depression) 

[9-10]. Another main type of mood disorder is MDD, commonly called major 

depression, clinical depression or depression. MDD has only one polar of mood state 

which is depressive state [11]. Other subtypes of mood disorders are seasonal affective 

disorder, dysthymia (atypical depression), psychotic depression, pediatric mood 

disorders, and geriatric mood disorders (Figure 2.1) [8, 11].  

2.1.1 Major Depressive Disorder 

MDD is described by a single or periodic major depressive episode(s); most people with 

MDD will experience periodic episodes [12]. The categories of MDD are mild, 
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moderate and severe depressive episodes. Differentiation between the categories is 

identified by the number, type, and severity of symptoms that present in patient [11]. 

 

 

Figure 2.1 Subtypes of mood disorders 

2.1.1.1 Symptoms and Signs 

Two major symptoms that are usually exhibited by depressed people are overwhelming 

hopelessness and loss of interest or joy in activities that are formerly enjoyable. The 

major symptoms are combined with another symptoms that patterns individual’s clinical 

level. Other symptoms vary patient to patient. The person who has depression may 

experience low self-esteem that is feeling of worthlessness, change in sleep pattern, 

change in appetite and weight that shows itself two ways: some people eat more than 

their normal limit and others’ appetite may be reduced and they lost weight. Ability to 

tolerate pain may be reduced and the patient may has unexplainable pains. Impaired 

concentration and memory, slow thinking (retardation), suicidal thoughts, reduced 

sexual energy, loss of motivation are most common symptoms of major depression     

[13-15]. 

Symptoms may not stable during the depressed episode, they may change slightly 

through the day.  Depression usually worsens in the morning and improves as the day 

goes on. Some patient may experience reverse of it or may be no change in the mood 

during all day [16]. 

 

Mood Disorders

Major Depression 

Bipolar Depression

Dysthymia

Seasonal Affective Disorder

Psychotic Depression

Pediatric Mood Disorders

Geriatric Mood Disorders
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2.1.1.2 Diagnosis 

There is no laboratory tests for diagnose MDD. Mental status examination (MSE) is the 

important diagnose type of major depression. An observation of patient’s appearance, 

behaviors speech, mood, thinking process, perception by the doctor is combined with 

patient’s biological and family history to diagnose MDD accurately. 

The two major classification systems in use today are Diagnostic and Statistical Manual 

of Mental Disorders (DSM-IV-TR) and The World Health Organization’s (WHO) 

International Classification for Diseases and Related Disorders (ICD-10). Diagnose of 

MDD based on the presence of basic symptoms with precise duration of time. Basic 

symptoms are depressed mood, loss of interest or pleasure. In addition, at least five 

criteria from DSM-IV-TR list have to be present for duration of two weeks. It includes 

appetite and sleep disturbance, low self-esteem, feeling worthlessness and guilt, suicide 

thoughts and ideation [8].  ICD-10 describes depressive episodes which include loss of 

interest in activities, loss of appetite, libido and weight, motor retardation, lack of 

emotional reactions [17]. These symptoms need to be present duration of two weeks. 

All these symptoms are listed in Table 2.1 [18]. 

Depression inventory tests are also used to diagnose and score the major depression. 

Hamilton Rating Scale for Depression and Beck Depression Inventory tests are widely 

used psychiatric test for this purpose but there is no single test that it can be apply all 

populations for rating scale [19]. 

2.1.1.3 Epidemiology 

MDD is the one of the extensive mental disorder in the world and causes loss of life 

quality and social problems in patient’s life. In a study results show that depression is 

the fourth leading cause of disease burden in the world accounting 4, 4% of total 

disability adjusted life years [20] and another investigation shows that MDD is the first 

reason of years lost due to disability [21]. The prevalence of MDD in the USA 

population was 16, 2% in the lifetime and 6, 6% in 12-months prevalence [21]. The 

WHO has been reported depression caused 12, 4 years lived with disability [22]. 

Depression has higher ranks in females than males [23-24], affects up women 50% 

higher than men in general population [8] but there are no gender difference in 

prevalence of depression in prepubescent boys and girls [25]. These differences are 

explained by hormonal differences and exposure stressful life events. The suicide 
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Table 2.1 Criteria for depressive episode [18] 

DSM-III-R/DSM-IV ICD-10 

Symptoms present nearly every day in same 
2-week period 

Episode must have lasted at least 2 weeks with 
symptoms nearly every day 

Change from normal functioning Change from normal functioning 

Key symptoms (n=2) Key symptoms (n=3) 

Depressed mood Depressed mood 

Anhedonia Anhedonia 

 Fatigue/loss of energy 

Ancillary Symptoms (n=7) Ancillary symptoms (n=7) 

Fatigue/loss of energy Weight and appetite change 

Weight/apettite loss/gain Sleep disturbance 

Insomnia/hypersomnia Subjective or objective agitation/retardation 

Observed agitation/retardation Low self-esteem/confidence 

Low self-esteem/guilt Self-reproach/guilt 

Impaired thinking/concentration Impaired thinking/concentration 

Suicidal thoughts Suicidal thoughts 

Criteria:  Criteria: 

One key, five sysmptoms in total  plus Mild episode: two keys,  four symptoms in total 

Significant distress or  Moderate episode: two keys, six symptoms total 

Social impairment Severe episode: three keys, eight symptoms total 

Exclusions: Exclusions: 

Not mixed episodes No history (ever) of manic symptoms 

Not substance related Not substance related 

Not organic Not organic 

Not bereavement,   

Not psychotic  
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attempt is 25% less in women population than man population [26]. The onset age of 

major depression is in the mid to late 20s. The median age of onset in MDD is 30 years 

[24]. Economic status also affects the depression rates. In developed countries, the 

prevalence of depression in lifetime is 14.6% and in developing countries this result is 

11.1% according to WHO survey”. It is estimated that 350 million people are affected 

by depression globally [27].  

2.1.1.4 Etiology 

The etiology of depression is multifactorial and incompletely understood. Abnormalities 

in hypothalamic-pituitary-adrenal (HPA) axis response to stress and is affective in 

pathophysiology of depression. Investigations between patient and healthy group clearly 

showed some neurochemical imbalances in patient’s neurotransmitter systems and 

neuromodulators. The studies suggest monoamine hypothesis that MDD is caused by 

monoamine transmitter system abnormalities at one or more brain sites. Three 

monoamines are highly related with major depression: Serotonin (5-hydroxytryptamine; 

5-HT), noradrenaline, and dopamine [12]. 

Serotonin is important to regulate HPA axis that adjusts serotonergic activity [28]. 

Synthesis of serotonin in the brain needs a precursor amino acid, L-tryptophan. In a 

study plasma tryptophan level of untreated depressed patients are found lower than 

healthy group [29, 30]. Another research proved that reduced cerebrospinal fluid (CSF) 

concentrations of 5-hydroxyindoleacetic acid (5-HIAA) which is the main metabolite of 

serotonin formed in the brain, in depressed people who made a suicide attempt [31].  

There are no direct evidence about noradrenaline or its major metabolite 3-methoxy-4-

hydroxy-phenylethylene glycol (MHPG) levels in the CSF concentration levels [32] but 

in a study a1-adrenoceptor that is one of the subclass of noradrenaline receptors has 

lowered binding in some brain regions [33]. Noradrenaline function increasing elevates 

plasma concentrations of adrenocorticotropic hormone (ACTH), cortisol, and growth 

hormone. Growth hormone affects noradrenaline re-uptake inhibitor desipramine and 

the noradrenaline receptor agonist clonidine and levels of these in plasma are reduced in 

depressed patients [34]. Activation of glucocorticoid corticosteroid receptors mediates 

cortisol levels with corticotrophin (ACTH) release at pituitary gland. Adrenal gland 

enlargement affects ACTH release and it cause hypersecretion of corticotropin-releasing 

hormone (CRH) in the hypothalamus that is affect cortisol release [35]. Dopamine and 
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norepinephrine both modulate stress and plays important role in motivation and hedonic 

response [36] and acquisition of emotionally arousing memory [39]. Subjects who have 

tyrosine and phenylalanine reduction in their dopamine and norepinephrine system feel 

less glad and more prone to emotionally negative words [37].  

The hippocampus is also important in HPA axis regulation that links hippocampal 

dysfunction and abnormal HPA axis regulation. Enlarged lateral ventricles, volume loss 

in frontal and temporal lobes, decreased hippocampal volume and volume of basal 

ganglia structures are proved in studies [38]. Decrease in brain volume in depressed 

people is showed as long-term consequences of depression due to hypersecretion of 

cortisol [14] but another study suggest that decrease in hippocampal volume may be 

present early in depression [39]. In PET investigations, lowered prefrontal perfusion is 

observed and it is linked decrease in grey matter volume of subgenual prefrontal cortex 

[40]. Reduced glial cells in post-mortem studies are also evidence for decreased volume 

of the brain [40-41]. In another research, cerebral blood flow and metabolism is altered 

in prefrontal cortex, anterior cingulate cortex, amygdala and thalamus [42].  

Increased production of proinflammatory cytokines effects regulation of stress reactive 

neuroendocrine and central neurotransmitter changes and this increment is evidence of 

activation of the inflammatory response system (IRS) [43]. 

2.1.1.5 Treatment 

Major depression is more plausible than other mental disorders. Psychotherapeutic and 

pharmacological approaches are effective in treatment of major depression. 

Pharmacological treatments are depended on monoamine hypothesis and aims 

monoaminergic transmission [12]. Tricyclic antidepressants (TCAs) and monoamine 

oxidase inhibitors (MAOIs) are used in treatment of MDD but they have more severe 

side effects such as anticholigenic symptoms and sedation than other drugs [44-45]. 

Selective serotonin re-uptake inhibitors (SSRIs) are more specific than TCAs and 

MAOIs and side effects are less but they are slower than other drugs [46]. Other 

antidepressants are more specific than TCAs, MAOIs and SSRI and used treatment of 

treatment-resistive depressed patient with trial-and-error method to find effective 

treatment type. These antidepressants are shown in Table 2.2 [18]. 
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Table 2.2 Commonly used antidepressant in depression treatment [18] 

Class of 
antidepressant 

Monoamine affected 
Mode of 
action 

Other notes 

Tricyclics 
antidepressants 

(TCAs) 

Noradrenaline (NA) 
and serotonin (5-HT) 

Reuptake 
inhibition 

Individual TCAs vary in the 
proportion of NA and 5-HT 

reuptake 

Larger number of side effects 

May be more effective in 
severe depression 

SRIs 

Mainly 5-HT but can 
have NA and 

Dopamine (DA) 
effects 

Reuptake 
inhibition 

Now used as first-line 
treatment 

More selective action than 
TCAs 

Generally fewer side effects 
than TCAs, and better 

tolarated 

5-HT and NA-
RIs 

(Venlafaxine) 

5-HT and NA, at 
higher doses possibly 

DA 

Reuptake 
inhibition 

At lower doses mainly 5-HT 
action 

At moderate doses NA action 

Pronounced withdrawal 
effects 

NA-RIs NA 
Reuptake 
inhibition 

Increased risk of seizure 

Monoamines 
Oxidase 

Inhibitors 
NA, 5-HT and DA 

Prevent 
synaptic 

breakdown 
of NA and 5-

HT 

Tranycypromine is activating 

Tyramine low-diet required 

5-HT2 

antagonists + 
reuptake 
inhibitors 

(Trazodone) 

5-HT and NA 

Block post 
synaptic 5-

HT2 

receptors 

Acts both pre- and post- 
synaptically 

Belief that both components 
are important for therapeutic 

effect 

Mianserin, 
Mirtazepin 

NA and 5-HT 
Block pre-

synaptic α2-
receptors 

Pre-synaptic α2-receptors 
usually inhibit release of NA 

and 5-HT 
Blocking these receptors stops 

the inhibition 

Lithium 5-HT and other  
Possibly influences post 

synaptic 2nd messenger system 
once receptor is activated 

NA and DA 
reuptake 
inhibitor 

NA and DA 
Reuptake 
Inhibition 

Only licensed in USA 
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Psychotherapy is successful in every age of patient groups. Cognitive behavioral 

therapy (CBT) and interpersonal therapy are an effective treatment for major depressive 

disorder [47-48]. Electroconvulsive therapy (ECT) is used for severe major depression 

patients who have no respond to antidepressant treatment [40]. Transcranial magnetic 

stimulation (TMS) is another treatment way of depression that is alternative for ECT 

and antidepressant treatment [49]. Vagus nerve stimulation (VNS) are also useful in 

recurrent or chronic and treatment resistive depression [43] but side effects of treatment 

has to research for future use [51]. 

2.2 Major Depressive Disorder and the Heart 

Cardiovascular disease (CVD) and coronary artery disease (CAD) is the leading cause 

of death in worldwide and depression is the leading cause of disability [52].  Similar 

symptoms of MDD and CVD draw attention to the relationship between these two 

important and prevalent diseases. The studies showed that prevalence of depression in 

myocardial infraction (MI) population is 5% higher than general population [53] and 

48% of 155 heart failure (HF) patients diagnosed as depression [54].  In another 

longitudinal study reported relative risk of cardiac mortality of 1.6 for people with 

depressive signs and symptoms and 3.8 for those with clinically diagnosed depression 

[55]. These suggested that depression may be cause to develop CVD and may be a risk 

factor for patients with CVD and CAD [56].   

Beginning of the disease is still unclear. Depression leads to CVD development and 

accelerate CVD risk and progression due to risk factors of depression. Another 

possibility is that person is already CVD patient and changes in behavioral and 

biological changes cause depression. Changes in major biological pathway of the body 

may cause both depression and CVD is the third possibility between depression and 

CVD [57]. 

The connection between depression and cardiovascular disease is explained by 

behavioral and psychological factors. The loss of interest in basic life needs like eating 

meals or physical activity cause poor lifestyle habits and these non-healthy habits and 

motivation lost do not help patients stop smoking, make a well-balanced diet or do 

regular physical activity and this leads to develop CVD or worsen CVD [58-59].  

The biological factors between depression and CVD are explained by several 

mechanisms. Platelets contain serotonin receptor and are effective in coronary 
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vasoconstriction. Psychological stress triggers acute hemostasis responses and this 

responses effects platelet function both healthy individuals and CVD patients [60]. 

Studies with depressed people demonstrated that increased platelet reactivity, increased 

and decreased reactivity of platelet to serotonin, decreased platelet reactivity to 

adenosine diphosphate [61-62] and increased sympathetic nervous activity was also 

evaluated [62]. Increased platelet activation has relationship with increased endothelial 

dysfunction and inflammatory activity [63]. Brachial artery flow-mediated vasodilation 

of MDD patients without CAD and control subjects is compared and endothelial 

dysfunction is observed in MDD patients [64]. Inflammatory activation blood markers 

such as C-reactive protein (CRP), interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor 

necrosis factor (TNF-α) induce acute coronary events and these markers have been 

found in high concentrations in blood in both MDD and CVD patients [65].  In Figure 

2.2 these mechanisms are shown [66]. 

2.3 Major Depressive Disorder and Heart Rate Variability 

Heart rate variability (HRV) is the variation in R-R intervals of the electrocardiogram 

(ECG) signals and represents the balance between two branches of autonomic nervous 

system (ANS), sympathetic and parasympathetic nervous systems (SNS and PNS), in 

the heart rate regulation. HRV analysis is noninvasive, quick and reproducible method 

to examine cardiac autonomic regulation. It is an important parameter for prognosis the 

myocardial infraction, left ventricular dysfunction and frequency of arrhythmia [67]. 

Hypothalamus, as well as HPA axis, is involved in autonomous system regulation, 

influencing brain stem autonomic nuclei. The hypothalamus receives inputs from limbic 

system which works close coordination with prefrontal neocortex to integrate emotional 

and motivational behaviors. Dysregulation of ANS may generate CVD and MDD. 

Several studies reported increased sympathetic vascular resistance [68], decreased 

parasympathetic/vagal control of cardiac activity [69], decreased baroreflex sensitivity 

[70], higher values of autonomic index LH/HF due to dominance of sympathetic to 

parasympathetic control. In a study, HRV of unmedicated depressed adolescent girls 

was examined and increased sympathetic activation was observed [71]. Another 

research, short-term HRV of acute coronary syndrome (ACS) patients was examined to 

exhibit relationship between HRV and inflammatory markers. HRV were significantly 

and negatively associated with inflammatory markers but no difference between 
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depressed and non-depressed ACS patients [72]. Lesser Valsalva ratio, increased 

sympathetic activity due to decreased parasympathetic activity and altered 

sympathovagal balance was also reported with research[73].  

 

 

Figure 2.2 Several biological mechanisms [66] 

2.4 Major Depressive Disorder and Galvanic Skin Response 

Internal or external stimuli change the electrical conductance of the skin with moisture 

level of the skin and this change is measured as galvanic skin response (GSR). This 

change is regulated by sweat glands, which are controlled by SNS, so gives an evidence 

for person’s mood and state. Due to SNS activation, the researchers hypothesized 

reduced pain perception to external stimuli in depressed patients and proved this 

hypothesis [74]. Another study is also showed latencies of GSR were reduced in MDD 

patients [75].   
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CHAPTER 3 

MATERIALS AND METHODS 

Information about the subjects, the procedure of research, the physiological signals that 

were investigated in the research, the measurement system that used to gathering signal 

and signal processing methods constitutes this chapter.  

3.1 Subjects 

Patients were taken from Bezmialem Vakıf University Faculty of Medicine Department 

of Psychiatry and controls were taken from janitors of Fatih University. The study was 

proven by both hospital and university ethics committee. Fifteen drug-naïve MDD 

patients and fifteen age-matched control subjects were involved the study. The 

procedure was explained verbally to participants and written informed consent was 

obtained from all them.  

Table 3.1 Demographics, clinics and self-report measures of subjects 

 MDD Patients Controls 

Number  15 15 

Male/Female 4 / 11 6 / 9 

Age 37.66 ± 13.4 39.8 ± 10.87 

Dominant Hand All right-handed All right-handed 

HAMD Score 20.5±7.18 - 

BAI Score 13.73 ± 6.14 - 

Smoker/ Non Smoker  5 / 10 6 / 9 
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The patients were diagnosed as a moderate depression according to DSM- IV- TR 

criteria by physician. Severity of depression was obtained by Hamilton Depression 

Rating Scale- 17 item (HDRS- 17, also HAM-D) and between 18 –25 was considered to 

be moderate depression. Beck Anxiety Inventory (BAI) was also performed to 

participants (Table 3.1). Patients were chosen by some inclusion and exclusion criteria.  

Inclusion Criteria:  

 Between 18 – 65 years old 

 Diagnosed with MDD according to DSM-IV 

 HDRS score between 18-25 

 Giving written, informed consent  

Exclusion Criteria: 

 Having any other mental disorders except major depressive disorder 

(comorbidity) 

 Having pathological, endocrinological, cardiovascular disorders 

 Psychotropic medication usage 

 Cardiovascular medication usage 

 Having head trauma or other neurological disorder 

 Having cardiac pacemaker or any device that affect cardiac autonomic function 

 Having substance abuse disorders (including alcohol abuse) 

 Having vandalism risk 

 Having hearing loss 

 Being pregnant or lactation period in females 

It was noticed that the chosen patient has no pathological, endocrinological, 

neurological and cardiovascular disorders and comorbidity. Cardiac pacemaker users 

and patient who uses hypertension, anticoagulant, cholesterol lowering, antiarrhythmics, 

vasodilators or any medication that is effective in cardiac function were excluded. In 

control group, users of these medications were also excluded.  
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3.2 Procedure and Auditory Stimuli 

The signals were recorded between 9.00 AM and 12.00 PM in quiet and illuminated 

room at Bezmialem Hospital, Department of Psychiatry. The subjects were quietly 

sitting on chair in relaxed position, did not moved until end of the recording and their 

eyes were closed during recording. 

Galvanic skin response (GSR), photoplethysmogram (PPG) and skin temperature (ST) 

signals were recorded simultaneously during 10 minutes from each subject. Recorded 

signal was consisted of 5 equal periods. First period was resting period with 2 minutes 

duration and labeled with R1. Second period was first auditory stimuli period and lasted 

2 minutes. In this period, active music was preferred as auditory stimuli to fasten 

heartbeat. “Symphony No. 10 in E minor (Op. 93) by Dmitri Shostakovich 2nd 

movement” was chosen. The main symphony has 4 movements: First movement is 

moderato (86-97 BPM), second movement is allegro (109-132 BPM), third movement 

is allegretto (98-109 BPM) and fourth movement is andante-allegro (73-77 BPM and 

109-132 BPM) [76]. Second movement of the symphony was most appropriate part of 

the symphony to increase heart rate [77]. Third period was resting period (R2) and there 

was no auditory stimuli. Fourth period was the second auditory stimuli period and 

sedative music was chosen for decrease heartbeat. Instrumental “Gamzedeyim Deva 

Bulmam” by Başar Dikici from classical Turkish music which is composed by Tatyos 

Ekserciyan was used as sedative auditory stimuli [78]. Its makam (mode) was Uşşak 

makam and this makam brings happiness to listeners according to Turkish philosopher 

Farabi. Lastly the recording ended up with 2 minutes resting period (R3) (Figure 3.1). 

Subjects listened the auditory stimuli via headphones. 

           

            

            

  

 

 

 

Figure 3.1 Total lenght of signal recording 

Resting 
Period 1  

2 minutes 

Resting 
Period 1  

2 minutes 

Resting 
Period 1  

2 minutes 

Resting 
Period 1  

2 minutes 

Resting 
Period 1  

2 minutes 

10 minutes recording 



16 
 

3.3 Physiological Signals and Data Recording Unit 

BIOPAC System Inc. MP150WSW data acquisition system was used to record GSR, 

PPG and ST signals (Figure 3.2) [79]. 

 

Figure 3.2 BIOPAC MP150WSW data acquisition system [79] 

3.3.1 Galvanic Skin Response (GSR) 

GSR is also known as skin conductance (SC), electrodermal response (EDR), 

electrodermal activity (EDA), psychogalvanic reflex (PGR), skin conductance response 

(SCR), skin conductance level (SCL), sympathetic skin response (SSR) is a 

psychological measurement that indicates emotional changes due to affective stimuli. 

This change is regulated by sweat gland and sweat glands’ activation and secretion is 

controlled by sympathetic nervous system (SNS). SNS is one of branches of autonomic 

nervous system (ANS) which regulated involuntary effectors and cardiac muscle. 

Parasympathetic nervous system (PNS) is another component of ANS and it works 

coordinately with SNS (Figure3.3) [80]. SNS is responsible from “fight-or-flight” 

reactions that occur in stressful events and increases heart rate, blood pressure, urinary 

bladder while PNS produce “rest and digestion” response due to fight-or-flight response 

and decreases heart rate, blood pressure, urinary bladder. Sweating is also regulated 

with SNS but PNS has no effect on this action [81]. When a person feels fear, anger or 

excitement SNS activates sweat glands and this activation appears as a sweating. 

Increased humidity on skin by sweating increases conductance of the skin.   
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Figure 3.3 Human nervous system [80] 

GSR100C amplifier module (Figure 3.4a) [82] which uses 0.5V constant voltage and 

TSD100C Ag-AgCl non-polarizable electrodes (Figure 3.4b) [83] were used to measure 

GSR signal. The electrodes were filled with isotonic electrode gel for conduction and 

bound to the subject’s distal phalanx of an index and middle finger of non-dominant 

hand. The sampling rate was 200 Hz. The GSR signal low pass filtered at 1 Hz and high 

pass filtered at 0.05 Hz. Table 3.2 and Table 3.3 give information about input 

conductance range and electrical specifications of GSR100C amplifier.  

Table 3.2 Input conductance range of GSR100C amplifier 

DC(µmho) Sensitiviy (µmho/V) 

0-200 20 

0-100 10 

0-50 5 

0-20 2 

Nervous System

Peripheral 
nervous system

Sensory Neurons Motor Neurons

Autonomic 
Nervous System

Sympathetic 
Nervous System

Parasympathetic 
Nervous System

Somatic 
Nervous System

Central Nervous 
System
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Figure 3.4a) Galvanic Skin Response Amplifier GSR100C [82] and b) TSD203 
transducer [83] 

Table 3.3 Electrical specifications of GSR100C amplifier 

Gain 20, 10, 5, 2 micro-mhos/volt 

Output Range 0-10V nominal ±10V full 

Low-pass filter 1Hz, 10 Hz, 

High-pass filter DC, 0.005 Hz, 0.5 Hz 

Sensitivity 0.7 nano-mhos 

Excitation 0.5 VDC (Constant Voltage) 

3.3.2 Blood Volume Pulse (BVP) 

Blood volume pulse (BVP) is the physiological signal that is obtained by blood volume 

change due to blood pulsation of the each heartbeat. Measurement of blood volume 

change in blood vessels is made by method called photoplethysmography and depends 

on the fact that blood absorbs more infrared light than the surrounding tissues. The PPG 

transducer has infrared emitter that sends infrared light through the blood vessel and 

detector that detects transmitted light. PPG is noninvasive and simple method for 

detecting changes in blood volume and it gives information about autonomic nervous 

function. RR peaks in electrocardiogram (ECG) are related with PP peaks in PPG signal 

and PPG signals give information about heart rate and heart rate variability (HRV) 

(Figure 3.5) [84]. Usually PPG signals are taken from fingers but also ear lobe, nasal 
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septum and forehead is used to detect signals when the blood circulation is not enough 

to meaningful signal record [67]. 

             

Figure 3.5 The relationship between ECG and PPG signal [84] 

For detection PPG signals, PPG100C photoplethysmogram amplifier module (Figure 

3.6(a)) [82] and TSD200 photoplethysmogram transducer (Figure 3.6 (b)) [85] which 

consists of infrared emitter/detector of 860 nm ±60 nm waveleght is used. Transducer 

was bound to the subject’s phalanx of ring finger with the Velcro straps. PPG signal low 

pass filtered at 10 Hz and high pass filtered at 0.05 Hz. The gain was set at 100 and 

sampling freqency was 200 Hz.  Electrical specifications of PPG100C amplifier module 

is given in Table 3.4. 

Table 3.4 Electrical specifications of PPG100C amplifier 

Gain 100, 50, 20, 10  

Output Range ±10 V (analog) 

Low-pass filter 3 Hz, 10 Hz, 

High-pass filter DC, 0.005 Hz, 0.5 Hz 

Noise voltage 0.5 µV (rms) 

Excitation 6 V 
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.  

Figure 3.6a) Photoplethysmogram amplifier PPG100C [82] and b) photoplethysmogram 
transducer TSD 200 [85] 

3.3.3 Skin Temperature (ST) 

Temperature of the body is regulated by the hypothalamus with neural feedback 

function. The hypothalamus sends more nerve impulses to the blood vessels which 

causes blood vessels narrowing for abandon blood flow to the skin and stimulates 

skeletal muscles to shivering for heat generation or sends less nerve impulses to cause 

dilation in blood vessel and increase blood flow and activates sweat gland for sweating. 

ST may slightly vary during the day and person to person [86]. 

 

Figure 3.7a) Skin Temperature amplifier SKT100C [82] and b) skin temperature 
transducer TSD202B [87] 
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ST was recorded by BIOPAC SKT100C skin temperature amplifier (Figure 3.7(a)) [82] 

and TSD202B ST transducer (Figure 3.7(b)) [87].  The transducer was taped to the 

patient’s thumb of non-dominant hand. The gain was set at 5 °F/V and the sampling rate 

was 200 Hz. The signal low pass filtered at 10 Hz and high pass filtered at 0.05 Hz. In 

Table 3.5 electrical specifications of SKT100C amplifier was given. 

Table 3.5 Electrical specificications of SKT100C amplifier 

Gain 5, 2, 1, 0.5 °F/V 

Output Range ±10 V (analog) 

Low-pass filter 1 Hz, 10 Hz, 

High-pass filter DC, 0.005 Hz, 0.5 Hz 

Sensitivity 180 micro °F (100 micro °C) 

3.4 Signal Processing 

3.4.1 Fourier Transform 

Fourier transform is a mathematical tool that is used to investigate sinusoidal 

components which are cosines (real part) and sines (imaginary) part of the signal to 

analyse system performance. Processing of these components gives information about 

amplitude, frequency and phases of the signal. The continuous-time (CT) Fourier series, 

the CT Fourier transform, the discrete-time Fourier transform (DTFT), the discrete 

Fourier transform (DFT), and the fast Fourier transform (FFT) are different types of 

Fourier transform that are used in different areas. Classic form of Fourier transform is 

used for CT signals and systems. The basic Fourier transform and the inverse of Fourier 

transform  is given in Eq. (3.1) and Eq. (3.2) [88]. 

�(��) =  � �(�)�������
�

��

                                                       (3.1) 

   �(�) =  
1

2�
� �(��)������

�

��

                                                     (3.2) 

The s(t) component  represents continuos signal and multilipied by complex sinusoids. 

Properties of CT Fourier transform makes it useful for linear CT system analysis. 
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Linearity, time-differentiation, time-integration properties are helpful to solve complex 

integrals. The impulses and frequencies are used to specify the system and this is based 

on time-domain convolution property of Fourier transform. The frequency-shifting 

property is widely used in communication systems. The connection between CT and 

discrete-time (DT) is denoted by sampling and reconstruction operations. The signal s(t) 

is sampled by every T seconds and this denotes as sa(t)  in Eq. (3.3) 

��(�) = � �(�)�(� − ��)

���

����

                                                   (3.3) 
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where δ(t) is the CT impulse function. The spectrum of sampled signal is obtained by  
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                                                (3.5) 

DTFT is obtained from Eq. (3.5) in terms of the sequence sample s[n] 
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and its inverse is  
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                                                   (3.7) 

Many properties of the DTFT are similar with CT transform except time-differentiation 

and time-integration properties because these are not defined for DT signals. The FFT is 

an algorithm to compute DTFT fastly. It reduces the complexity of DTFT computation 

from Order {N2} to Order {Nlog2N}. The FFT is often used in spectral analyis of the 

signal [88].  

3.4.2 Power Spectral Density (PSD) 

PSD is an important method in the analysis of stationary random process that evalutes 

the power of the signal as a funtions of frquency. The future values of the signals cannot 
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be exactly determined because cannot be expressed as an analyticial funtion of time and 

probabilistic statments are used  to find future values. Random sequences include 

possible realizations that each of them are related probablity of occurence. But only one 

realization  may observed that deterministic definition of previous section is carried 

next section without any change. Realizations of random signals do not have finite 

energy but have average power and this can be used to characteried signal by PSD. PSD 

of a random process is the fourier transform of autocorrelation function [89]. 

In first definition of PSD is defined as DTFT of the covariance sequence 

                                              �(�) =  � �(�)�����
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                                                          (3.8) 

The inverse transform of (3.8) gives r(k) that is  
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In second definition of the PSD is 
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E represents expected value 
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PSD should be real number and positive number. Parametric and non parametric 

methods are avaiable to calculate PSD. 
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3.4.2.1 Non Parametric Methods 

Non parametric methods begin with estimating autocorrelation sequence of a given data 

and then power spectrum is estimated by Fourier transform of estimated autocorrelation 

sequence.  

3.4.2.1.1 Periodogram 

The periodogram is the one of the ways to estimate power spectral density. It is found 

by estimating autocorrelation. Autocorrelation is determined with Eq.(3.14) [90] 
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�                                          (3.14) 

Autocorrelation can be estimated, if xn is only avaliable for finite interval [0, N-1]. Eq 

(3.14) is modified as   
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The periodogram is estimated by taking DTFT of the autocorrelation 
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To express the periodogram by itself, let xN-n be the finite lenght N signal such as 
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                                                            (3.17) 

x(N,n) is the product of xn and rectangular window: 
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After that the autocorrelation is defined as 
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The periodogram is found by taking the Fourier transform of autocorrelation and the 

convolution theorem: 
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3.4.2.1.1.1 Welch Method 

Welch method  is used to estimate power spectrum [91]. In Welch method, the data 

segments are allowed to ovelap and  to compute the periodogram each data segment is 

windowed. Data segment are given mathematically [89]; 

         yj(t) = y((j -1)K +t)       t = 1,…..,M              y = 1,…..,S              (3.21) 

where (j-1)K is the starting point of jth data segment. The windowed periodogram 

according 

to yj(t) is computed  as 
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where P represents the power of the temporal window {�(�)} :  
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The Welch periodogram is found by averaging these modified periodogram [89]: 

��́(�) =  
1

�
� ��́ (�)

�

���

                                                            (3.24) 

Welch method uses fewer methods than other methods. It calculated short sequences of 

signal rather than whole signal and it is advantegous when study with machine that has 

limited core storage [91]. 

3.5 Statistical Analysis 

Indepent Sample Student’s t-test and Paired Sample t-test was performed for statistical 

anlysis of the recorded signals. 

3.5.1 The Student’s t-test 

The probability distribution is the statistical interference that specify the probability to 

all possible values of discrete random variable with their possible probabilities. The t- 

distribution (Figure 3.8) [92] is the one of the probability distribution that is used to 
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estimate mean of population that fits the normal distribution and standart deviation is 

not known. 

 

Figure 3.8 t-distrubition [92] 

z value for confidence interval is calculated for normal distribution by 

� =
�̅ − �
�

√��
                                                                     (3.25) 

where the �̅ is the sample mean, μ is the mean of the population, n sample size,  σ is 

standart deviation of the population. In t-distrubition σ is not known and estimated by  

�� =
1
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                                                   (3.26) 

and called sample standart deviation. The s is applied to equation (3.25) and t value 

calculated by 

� =
�̅ − �
�

√��
                                                                          (3.27) 

The Student’s t-test uses t-distribution and is commonly used hypothesis testing method 

that is based on difference between means of two population. One nominal group and 

one measurement variable need to perform this test and nominal group have to be only 

two choice [93]. 

3.5.1.1 The Indepent Sample Student’s t-test 

The independent sample student’s  t-test  is used when compared two group collected 

independently from themselves and connected to each other via nominal group. In this 

test it is assumed that distribution of the populations normal and variances of two 
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population are equal to each other. To calculate the test first pooled standart deviation 

has to be calculated by 

��
� =

(�� − 1)��
� + (�� − 1)��

�

�� + �� − 2
                                     (3.27) 

where �� + �� − 2 is the degree of freedom. The equation for calculation t value 

become [94] 
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3.5.1.2 Paired Sample Student’s t-test 

The paired sample t-test is used for samples that are in same group and measurements 

are taken twice or their units are matched with each other. Paired sample t-test compares  

paired values of two group, considers the variation within each group and produce a t 

value (Eq. 3.29) 
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                                                               (3.29) 

In formula, d is the difference between matched samples and N is number of samples 

[94]. 
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CHAPTER 4 

RESULTS 

In this chapter, results of analyzing skin temperature, skin conductance and blood 

volume pulse signals that were collected from both patient and control group is 

explained. For signal processing, algorithms in MATLAB® (v. 7.8.0 R2009a) software 

was used for signal processing and statistical analysis is done by the SPSS® (v. 21) 

software. The differences between patients and controls were detailed briefly. Figure 

4.1 shows BIOPAC® Software Interface during record SC, PPG and ST signals from 

patients. 

 

Figure 4.1 A BIOPAC Software Interface screenshot while recording data 
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4.1 Skin Temperature 

Skin temperature (ST) analysis was applied for both patient and control group for all 

periods of the record. Descriptive statistical information about mean and standard 

deviation is given in Table 4.1.  Figure 4.2 is the graph of change in ST signal during all 

procedure and figure 4.3 shows the change in ST both the patient and control group at 

all periods. 

Figure 4.2 Changes in skin temperature signal during total recording in the patient 

group 

 

Figure 4.3 Change in skin temperature at different periods. R1 is first resting period, M1 

is active auditory stimuli period, R2 is second resting period, M2 sedative auditory 

stimuli and R3 is third resting period 
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Table 4.1 Descriptive statistics about skin temperature in the patient and control group 

 Patient Group Control Group 

Period  Mean 

(°C) 

Standard Deviation Mean 

(°C) 

Standard Deviation 

R1 32.430618 0.0019 32.429793 0.0012 

M1 32.430641 0.0020 32.429811 0.0010 

R2 32.430629 0.0019 32.429704 0.0012 

M2 32.430607 0.0019 32.429690 0.0013 

R3 32.430585 0.0019 32.429629 0.0014 

The patient and control group were compared each other with SPSS® statistical 

package, paired sample Student’s t-test. The level of confidence interval was chosen 

95% thus the significant difference between groups was accepted when p value smaller 

than 0.05. The results showed that there is significant difference between first (M1) and 

second music (M2) periods (p=0.014), second resting (R2) and M2 periods (p=0.028), 

R2 and third resting (R3) periods (p=0.009) and M1 and R3 periods (p=0.013) in patient 

group. In control group, the difference between M1 and R2 (p=0.035) and M1 and R3 

(p=0.035) periods were significant. The highest ST was recorded in M2 period and the 

lowest ST was observed at R3 period in both patient and control group. Patient group’s 

mean ST was higher than control group in all periods. The comparison between patient 

and control group was performed by SPSS statistical package, independent sample 

Student’s t test and results are given in Table 4.2.  The difference between patient and 

control group are significant in all periods (p<0.005). 

Table 4.2 Comparison of skin temperature between the patient and control group 

Periods R1 M1 R2 M2 R3 

Mean Diff. 0.0014 0.0015 0.0016 0.0016 0.0017 

Std. Err. Diff. 0.0005 0.0005 0.0006 0.0006 0.0006 

p value 0.019 0.018 0.011 0.012 0.010 
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4.2 Galvanic Skin Response 

Figure 4.4 shows change in galvanic skin response (skin conductance – SC) during the 

signals recording. Table 4.3 lists the mean and standard deviation of SC analysis results 

of patient and control group in all periods. Histogram presentation of SC values is in 

Figure 4.5.  

 

Figure 4.4 Change in skin conductance signal during the procedure in the patient 
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M1-R3 (p=0.00), R2-M2 (p=0.027), R2-R3 (0.00) and M2-R3 (p=0.00) periods are also 

significantly different between each other. In control group, the significant difference is 

observed in R1-M1 (p=0.0), R1-R2 (p=0.0), R1-M2 (p=0.0), R1-R3 (p=0.002), M1-R3 

(p=0.0), R2-M2 (p=0.018), R2-R3 (p=0.0) and M2-R3 (p=0.0) periods (Table 4.4). 

Highest SC value of patient group is recorded in R3 period but it is recorded in M2 

period in control group. The increment of SC is observed in M1 after R1 period and M2 

after R2 period in both groups. Independent sample Student’s t-test was used to 

compare between patient and control group. The results of this comparison are written 

in Table 4.5. In M2 and R3 periods the significant difference is observed.  

 

Figure 4.5 Skin conductance of the patient and control groups in periods 

Table 4.3 Statistics about skin conductance in the patient and control group 
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Table 4.4 Comparison of skin conductance between periods in the patient and control 

group 

 Patient Group Control Group 

Periods 
Mean ± 

(SD) 
(µSiemens) 

p Value 
Mean ± 

(SD) 
(µSiemens) 

p Value 

R1-M1 
0.0254 ± 

(0.016) 
0.00 

0.0227 ± 
(0.008) 

0.00 

R1-R2 
0.0232 ± 

(0.018) 
0.00 

0.0218 ± 
(0.006) 

0.00 

R1-M2 
0.0261 ± 

(0.018) 
0.00 

0.0236 ± 
(0.006) 

0.00 

R1-R3 
0.1725 ± 

(0.012) 
0.00 

0.0058 ± 
(0.006) 

0.00 

M1-R3 
0.1471 ± 

(0.007) 
0.00 

0.0285 ± 
(0.005) 

0.00 

R2-M2 
0.0028 ± 

(0.004) 
0.027 

0.0017 ± 
(0.002) 

0.018 

R2-R3 
0.1493 ± 

(0.007) 
0.00 

0.0277 ± 
(0.004) 

0.00 

M2-R3 
0.1464 ± 

(0.008) 
0.00 

0.0295 ± 
(0.003) 

0.00 

 

Table 4.5 Comparison of skin conductance between the patient and control group 

Periods R1 M1 R2 M2 R3 

Mean Diff. 0.0010 0.0037 0.0023 0.0035 0.1794 

Std. Err. Diff. 0.0042 0.0020 0.0012 0.0014 0.0013 

p value 0.814 0.086 0.068 0.023 0.000 
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4.3 Blood Volume Pulse 

The heart rates of the both group are detected from recorded PPG signals by MATLAB 

software algorithm. In Table 4.6 maximum and minimum heart rates are given. The 

highest maximum heart rate is detected during R1 period in patient and R3 period in 

control group. In patient group, heart rate is decreased from R1 period to R3 period and 

then increased in R3 period but in control group, heart rate is increased during R1 

period to R3 period, decreased in M2 period and reached the maximum value in R3 

period. Comparison between periods in both heart beats of the patient and control group 

is given in Table 4.7. There was no significant difference observed in the patient group 

but in the control group between R1-R2 and M1-R2 periods p value was lowered than 

0.05. 

Table 4.6 Maximum and minimum peaks of PPG signals of the patient and control 

group 

 Patient Group Control Group 

Heart Rate Mean 
Standard 
Deviation 

Mean 
Standard 
Deviation 

 

R1 

Max. 175 38 174.67 18.5 

Min. 174.3 37.7 174 18.5 

 

M1 

Max. 172.3 31.2 176.5 24.6 

Min. 171.5 31.1 175.4 24.3 

 

R2 

Max. 169.5 22.6 186.4 31.9 

Min. 168.8 22.5 185.9 31.8 

 

M2 

Max. 166.2 20.1 184.8 31.8 

Min. 165.6 20.1 184.2 31.9 

 

R3 

Max. 169 23 190.7 45.1 

Min. 168.3 22.7 189.9 45.1 
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Table 4.7 Comparison of heartbeat between periods in the patient and control group 
(mean ± standard deviation) 

Heart Beat Patient Group Control Group 

Periods Mean ±SD p value Mean ±SD p value 

R1-M1 
2.8 ± 

12.066 
0.384 

1.733 ± 

12,702 
0.605 

R1-R2 
5.533 ± 

21.600 
0.338 

11.933 ± 

20,499 
0.041 

R1-M2 
8.733 ± 

21.486 
0.138 

10.267 ± 

23,386 
0.111 

R1-R3 
6.0 ± 

21.935 
0.307 

15.933 ± 

37,134 
0.119 

M1-R2 
2.733 ± 

17.637 
0.558 

10.2 ± 

15,612 
0.024 

M1-M2 
5.933 ± 

14.753 
0.142 

8.533 ± 

16,932 
0.071 

M1-R3 
3.2 ± 

13.655 
0.379 

14.2 ± 

32,107 
0.109 

R2-M2 
3.2 ± 

8.654 
0.174 

1.667 ± 

11,286 
0.576 

R2-R3 
0.467 ± 

9.775 
0.856 

4.0 ± 

20,125 
0.454 

M2-R3 
2.733 ± 

7.056 
0.156 

5.667 ± 

22,296 
0.342 

Power spectral density analysis was performed with Welch’s periodogram algorithm. 

Mean and standard deviation of power spectrum components which are power, 

maximum amplitude and frequency are illustrated in Figure 4.6 and given in Table 4.8 

for patient and control group. Power spectrum of both groups is given in figure 4.7. The 

histogram of means of both groups is shown in Figure 4.8.  
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Figure 4.6 Components of heart rate variability. Power is the area under the curve, 
maximum amplitude is the highest peak in the graph and frequency is the where 

maximum amplitude is observed 

Table 4.8 Mean and standard deviation (mean ± SD) of HRV components between the 
patient and control group. R1, R2 and R3 is referred to first, second and third resting 

periods, M1 is active auditory stimuli and M2 is sedative auditory stimuli. 
  

Patient group 
 

Control group 

Period 
Power 
(Watt) 

Maximum 
Amplitude 

(Volt) 

Frequency 
(Hz) 

Power 
(Watt) 

Maximum 
Amplitude 

(Volt) 

Frequency 
(Hz) 

 
R1 

0.4794 ± 
(0.0011) 

0.8811± 
(0.1536) 

0.2213 ± 
(0.0414) 

0.4783 ± 
(0.0008) 

0.5056 ± 
(0.1481) 

0.5163 ± 
(0.0262) 

 
M1 

0.6036 ± 
(0.0007) 

0.7907 ± 
(0.1559) 

0.1251 ± 
(0.0473) 

0.4787 ± 
(0.0020) 

0.4938 ± 
(0.1189) 

0.3643 ± 
(0.0360) 

 
R2 

0.6038 ± 
(0.0008) 

0.8248 ± 
(0.1676) 

0.2195 ± 
(0.0424) 

0.4783 ± 
(0.0007) 

0.5057 ± 
(0.1435) 
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(0.0378) 

 
M2 
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(0.0007) 
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0.6037 ± 
(0.0007) 

0.8197 ± 
(0.1373) 

0.0477 ± 
(0.0226) 

0.6029 ± 
(0.0005) 

0.4839 ± 
(0.1650) 

0.3620 ± 
(0.0350) 
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Figure 4.7 Power spectrum of the patient and control group at different periods. Left 

column shows the patient group and right column shows the control group. 
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Figure 4.8 Power (a), frequency (b) and maximum amplitude (c) of the patient and 
control group 
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Paired sample Student’s t-test was performed for comparison of the periods between 

them. The confidence level was set at 95% and difference is counted significant when p 

value is smaller than 0.05. There are significant difference in power between R1-M1, 

R1-R2, R1-M2 and R1-R3 periods (p=0.00). For maximum amplitude the difference is 

observed in R1-M1, R1-M2 and R2-M2 periods and for frequency the significant 

difference is found in between all periods (p≤0.01) except R1-R2 periods in patient 

group. In table 4.9 mean and standard deviation of all combination of periods are given 

briefly. In control group, significant difference is found in between R1-R3, M1-R3, R2-

R3 and M2-R3 periods in power component of HRV (p=0.00). There is no significant 

difference in maximum amplitude between periods except R2-M2 period that p value is 

0.044 in that period. In frequency component, significant difference is observed 

between R1-M1, R1-R2, R1-M2, and R1-R3 (p=0.00). Other comparison results are 

given in Table 4.10.  

In patient group the power is increased from R1 period to M2 period, then it is 

decreased slightly in M2 period and it is increased less in the end of R3 period. 

Maximum amplitude is decreased during M1 period, then increased in R2 period and 

reached the lowest value at M2 period. Frequency is decreased in M1 period and then 

increased in R2 period. It reaches highest value in M2 period and lowest value in R3 

period. In the control group, power has lowest value in R1 period, then it increases and 

same in other periods. Maximum amplitude has highest value in R1 period. It decreases 

in M1 period, increases in R2 period and then reaches the lowest value in M2 period. 

Frequency is higher in R1 period in contrast to other periods. It decreases in M1 and R2 

periods and has lowest value in M2 period. It increases slightly in the last period. 

Results of independent sample Student’s t-test show the comparison between patient 

and control group at same periods. In R1 period the p value of power is 0.004, p value 

of maximum amplitude is 0.00 and frequency p value is 0.00. For all other periods 

except R3, p values of power are found 0.00. In R3 period it is found 0.001. Maximum 

amplitude and frequency comparison is also shows the significant difference for all 

periods (p=0.00).  
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Table 4.9 Comparison of components of HRV; power, maximum amplitude and 
frequency between periods in the patient group. p≤0.05 is accepted for significant 

difference. Resting periods were named as R1, R2 and R3 sequentially and auditory 
stimulus are abbreviated as M1 and M2 and SD is abbreviation of standard deviation. 

 

Power 
(Watt) 

Maximum Amplitude 
(Volt) 

Frequency 
(Hz) 

Mean ± 
SD 

p value 
Mean ± 

SD 
p value 

Mean ± 
SD 

p value 

R1-M1 
0.1241559 

± 0.0006 
0.000 

0.0904456 
± 0.0676 

0.000 
0.0962256 
± 0.0867 

0.001 

R1-R2 
0.1243468 
± 0.0008 

0.000 
0.0563485 
± 0.1030 

0.053 
0.0017845 
± 0.0069 

0.334 

R1-M2 
0.1241595 
± 0.0010 

0.000 
0.0967696 
± 0.1320 

0.013 
0.2995841 
± 0.0591 

0.000 

R1-R3 
0.1242706 
± 0.0009 

0.000 
0.0613816 
± 0.1179 

0.063 
0.1735859 
± 0.0634 

0.000 

M1-R2 
0.0001909 
± 0.0004 

0.120 
0.0340971 
± 0.0703 

0.081 
0.0944411 
± 0.0874 

0.001 

M1-M2 
0.0000036 
± 0.0004 

0.978 
0.0063240 
± 0.0844 

0.776 
0.3958097 
± 0.0319 

0.000 

M1-R3 
0.0001147 
± 0.0005 

0.385 
0.0290640 
± 0.0977 

0.269 
0.0773603 
± 0.0275 

0.000 

R2-M2 
0.0001873 
± 0.0004 

0.107 
0.0404212 
± 0.0655 

0.031 
0.3013686 
± 0.0604 

0.000 

R2-R3 
0.0000762 
± 0.0007 

0.674 
0.0050331 
± 0.1108 

0.863 
0.1718014 
± 0.0642 

0.000 

M2-R3 
0.0001111 
± 0.0006 

0.465 
0.0353880 
± 0.1002 

0.193 
0.4731700 
± 0.0089 

0.000 
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Table 4.10 Comparison of components of HRV; power, maximum amplitude and 
frequency between periods in the control group 

 

Power 
(Watt) 

Maximum Amplitude 
(Volt) 

Frequency 
(Hz) 

Mean ± 
SD 

p value 
Mean ± 

SD 
p value 

Mean ± 
SD 

p value 

R1-M1 
0.0004532 
± 0.0020 

0.393 
0.0117310 

± 0.105 
0.672 

0.1519999 
± 0.013 

0.000 

R1-R2 
0.0000020 
± 0.0003 

0.981 
-

0.0001327 
± 0.129 

0.997 
0.1521300 

± 0.014 
0.000 

R1-M2 
0.0000874 
± 0.0005 

0.530 
0.0342066 

± 0.158 
0.416 

0.1556362 
± 0.013 

0.000 

R1-R3 
0.1245863 
± 0.0006 

0.000 
0.0216978 

± 0.170 
0.628 

0.1543635 
± 0.014 

0.000 

M1-R2 
0.0004512 
± 0.0020 

0.401 
-

0.0118637 
± 0.062 

0.473 
0.0001301 

± 0.012 
0.967 

M1-M2 
0.0005406 
± 0.0020 

0.329 
0.0224756 

± 0.086 
0.333 

0.0036363 
± 0.007 

0.084 

M1-R3 
0.1241331 
± 0.0020 

0.000 
0.0099668 

± 0.101 
0.708 

0.0023636 
± 0.013 

0.496 

R2-M2 
0.0000894 
± 0.0003 

0.269 
0.0343394 

± 0.060 
0.044 

0.0035062 
± 0.010 

0.216 

R2-R3 
0.1245843 
± 0.0004 

0.000 
0.0218305 

± 0.071 
0.258 

0.0022335 
± 0.009 

0.381 

M2-R3 
0.1246737 
± 0.0002 

0.000 
0.0125089 

± 0.049 
0.341 

0.0012727 
± 0.008 

0.551 
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CHAPTER 5 

DISCUSSION AND CONCLUSION 

Mood disorders are common mental disorders and major depressive disorder (MDD) is 

the one of the most known mood disorder in nowadays. MMD affects individuals’ life 

quality negatively and besides it also influences patient’s relatives and family. This 

change in life quality like insomnia or sleep a lot, weight gain or loss, disturbance in 

concentration or else causes decrease in work performance and this costs more than 

treatment of MDD [95]. Delay in diagnosis of MDD or ignorance of signs and 

symptoms of illness are important reasons of high prevalence of MDD. In 2030 unipolar 

major depression will be third leading causes of burden of disease [96].   

MDD is diagnosed with mental status examination (MSE) that is based on doctor’s 

observations about patient and psychiatric tests which are used for scoring depression. 

Psychiatric tests are effectuated by criteria that are based on American Psychiatric 

Association’s Diagnostic and Statistical Manual for Mental Disorders (DSM-IV-TR) 

and World Health Organization’s International Statistical Classification of Diseases and 

Related Health Problems (ICD-10). But still there are no laboratory tests for diagnose 

MDD. Different biological pathways of MDD result different antidepressant production 

so that medicine treatment needs trial periods to measure effects of medicine in patients 

and this cause latency in recovery especially in treatment-resistive depression.  

In this thesis, skin temperature (ST), skin conductance (SC) and blood volume pulse 

(BVP) signals were collected simultaneously from both 39 depression patients but some 

of these patients were elected because they already diagnosed with cardiovascular or 

coronary artery disease and started to use medications like anticoagulant or heart rate 

suppressor that affects autonomous cardiac function. Patients who use medication 
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constantly for another illness except CAD was also eliminated due to effects or side 

effects medications that may affect autonomous nerve system activation. Two different 

kind of music were used as auditory stimuli to decrease and increase the heartbeat. First 

music (M1) was loud symphony that was used to increase the heartbeat and second 

music (M2) was calm, instrumental classical Turkish music which aimed to decrease 

heartbeat in both group. The record began with resting state (R1), after M1 period again 

resting state started (R2) and finally after M2 period last resting state (R3) began. 

During the recording subjects sat up chair and did not move.  

ST was slightly higher in M1 period than R1 period in patients and then it decreased. 

This change occurred same way in control group. Patient group started with high ST 

value in records and continued in that way and at all periods had higher ST values than 

control group. In control group, there was significant decrement in R2 period but this 

change did not occur in patients group. The higher ST value in patient group may be 

result of increased sympathetic activity but they did not show significant difference 

between resting and auditory stimulation periods. This showed us there was no change 

in room temperature during recording signals. 

SC value was lowest in R1 period and reached highest value at R3 period in patients 

group. Due to calm auditory stimulation and resting state, expected results was 

decrement in R3 period but in patients’ group results was significantly opposite of them. 

In control group, SC in R3 period was lower than R1 period which was expected 

beginning of the study. The unusual difference in patient group can be explained by 

decreased sensitivity in stimulations due to central nervous system dysfunction. 

Auditory stimulus which was used in M2 period to calm the subjects may be effected 

some subjects and they became melancholy. This affection was higher in depressed 

patients and resulted as R3 period. The change in SC value did not effected by room 

temperature because the ST was not change enormously during the record. It showed us 

all changes were response to auditory stimuli periods and resting states. In previous 

studies, MDD patients were showed decreased sensitivity in different kind of stimuli 

and increased skin response [97-99].  

Effects of MDD in cardiovascular (CV) functions in human body were studied during 

last decade. Several mechanisms also explained to prove relationship between CVD and 

MDD. Autonomous nerve system (ANS) is always subject of interest of researchers due 

to its role in heartbeat regulation. Heart rate variability (HRV) is good evidence for 
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cardiac autonomic regulation and mostly investigated on ECG signal. PPG is the non-

invasive and easy-to-use technique that can work as ECG and HRV may be performed 

on PPG signal. 

Heart rate (HR) of patients was lesser than control group at all periods. During M1, HR 

of control group was increased compared to R1. However, in patients group HR was 

decreased at M2 period. This difference was expected between two groups in response 

to active music. During R3, HR of patients continued to decrease while patients’ values 

increased. When calm auditory stimulus was started, HR of both groups was decreased 

significantly and finally in R3 period both groups had increased HR. At the end of the 

recording, patients had lower HR from their starting HR while controls were opposite of 

this. Patients showed increased parasympathetic activation and/or vagal function due to 

auditory stimulation while control group had higher parasympathetic activity. Another 

reason of this result could be duration between two auditory stimuli. R2 period was not 

enough to calm down of the heart.  

Power component of HRV was calculated for both group and patients were higher 

values than control group. R1 period the value of power was almost similar to control 

group. In M1 period there was no change in controls but patients’ power value was 

significantly higher than controls and R1 period. Control group reached highest value 

during R3 period but still it was lesser than power value of patients. Significant 

difference in M1, R2 and M2 periods between patients and control could be sign of 

bradycardia in patients group [100] or dysfunction of vagus nerve [101]. In maximum 

amplitude (MA) component of patient group was also higher values at all periods than 

control group and highest value was detected in R1 period and lowest value was in M2 

period. Significant change was occurred between R1-M1, R1-M2 and R2-M2 periods in 

patient group. In control group these period were different, R2-M2, M2-R3 and R2-R3 

periods that significant difference was observed. R2-M2 period was common in both 

group. Amplitude of HRV gives information about ANS balance that higher amplitude 

shows higher autonomic balance. High MA was expected in control group but it 

resulted opposite of this hypothesis.  Frequency value of patients reached highest 

number at M2 period while control group had lowest value in M1 period and patient 

group had abnormal decrement in R3 period but there was no such difference in control 

group.  
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In conclusion, the significant difference was expected between periods in the control 

group and no such difference between periods in the patient group. These results may be 

related with severity of depression and moderate depression was not enough to show 

difference in between periods. The smoking ratios may also influence the results. The 

control group consisted of janitors who are working in physically exhausting job and 

this reason may affect the heart beat regulation in that group [102].  
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APPENDIX A 

RATING SCALES 

 

Figure A.1 Hamilton Depression Rating Scale – 17 item – Turkish version [103] 
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Figure A.2 Beck Anxiety Inventory – Turkish version [104] 
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Figure A.3 Hamilton Depression Rating Scale – 17 item – English version [105] 
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Figure A.4 Beck Anxiety Inventory – English version [106] 
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