
Copyright@ Seyed Mahmoud Tabatabaei | Biomed J Sci & Tech Res | BJSTR. MS.ID.003520. 15436

Research Article

ISSN: 2574 -1241

Comparison of Quantitative EEG Indices of the Patients 
with Alzheimer and Parkinson

Seyed Mahmoud Tabatabaei*
Department of Physiology, Tabriz Branch, Islamic Azad University, Tabriz, Iran.

*Corresponding author: Seyed Mahmoud Tabatabaei, Department of Physiology, Tabriz Branch, Islamic Azad University, 
 Tabriz, Iran.

      DOI: 10.26717/BJSTR.2019.20.003520

Received:  August 15, 2019

Published:   August 26, 2019

Citation: Seyed Mahmoud Tabatabaei. 
Comparison of Quantitative EEG Indices 
of the Patients with Alzheimer and 
Parkinson. Biomed J Sci & Tech Res 
20(5)-2019. BJSTR. MS.ID.003520

Keywords: Alzheimer Disease; Parkinson’s 
disease; Absolute power; Coherence and 
QEEG.

ARTICLE INFO Abstract

Background and Aims: The two common age-related neurological Alzheimer`s 
Disease (AD) and Parkinson’s disease Dementia (PDD) both involve the people with 
behavioral and cognitive problems. The brain waves of these people change and affect 
their brain functions.

Methods: Forty patients suffering from Alzheimer Disease and 12 patients with 
Parkinson Dementia and 40 healthy subjects were included in the study. The mean 
absolute power and mean coherence of brain waves were studied using brain waves 
analysis with QEEG method. 

Results: The results showed that mean absolute power of Delta and Theta waves in 
PDD subjects was higher than those of the AD and control groups, but the absolute power 
mean of Alpha in Parkinson Dementia patients was lower than that of the Alzheimer 
and control group; however, the difference between the two dementia groups in terms 
of Beta absolute power was not significant (P>0.05). There is significant difference 
between Alpha and Beta bands of the two hemispheres in frontal areas’ coherence (F3-
F4) (P<0.05), but there is no significant difference in the other areas.

Conclusion: QEEG technique can be used as an accurate tool in timely diagnosis of 
AD and PDD diseases through evaluating the quantitative indices of brain waves.

Introduction 
Two common age-related neurological Alzheimer Disease (AD) 

and Parkinson’s disease Dementia (PDD) both affect the people and 
have severe psychological consequences. The main characteristic 
of AD is dementia, but the characteristics of PD include movement 
problems and cognitive disorders and dementia that is known as 
Parkinson’s disease dementia is observed among 30% of these 
patients [1]. Alzheimer disease (AD) is a disorder in brain function 
in which the mental power of the patient gradually weakens. The 
most obvious type of dementia is memory disorder. Mental disorder 
is generated gradually and it later progresses. One of the main 
reasons of reduced cognitive and behavioral functions in higher 
ages is the dementia that occurs besides cognitive and behavioral 
disorders among the elderly people. Alzheimer is the commonly 
identified reason for dementia. Clinical signs of the illness include 
memory disorders, speech and language abnormalities, as well as 
functional and executive impairments.

Parkinson diseases happen due to the lack of progressive 
neurons responsible for Dopamine neurotransmitter in Substantia 
nigrea of the brain. No treatment has been identified for preventing 
dementia in patients with PPD. Therefore, it is vital to find early 
diagnosis methods for diagnosing the symptoms of the disease. As 
the nature of both diseases show, studying brain processes in these 
patients is very important. One of the important activities of the 
brain is electrical activity that is studied in the recorded form of the 
brain waves using EEG (Electroencephalography). EEG analysis is 
considered as a useful method in the diagnosis of both diseases [2]. 
Until recently, the studies on brain electrophysiology were limited 
to the morphologic changes of brain waves in different diseases. But 
progresses in neuroscience led to quantification of brain electrical 
functions.

Most researchers have used QEEG (Quantitative 
Electroencephalography) in order to show the efficiency between 
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dementia and increased bands with slower frequencies and 
reduced bands with higher frequencies in people with PD [3]. The 
most common QEEG findings represent replacement of background 
frequency to Delta and Theta waves and reduced central Alpha wave 
in patients with Alzheimer disease [4]. Sandmann et al. [5] observed 
direct relationship between severity of cognitive disorders and 
lower power of brain’s electric frequency in Alzheimer patients 
[5]. Other studies have shown that the indicators of brain electrical 
functions among the elderly people show reduced power in different 
bands; these changes are mostly observed on Occipital, Parietal and 
Temporal lobes [6,7]. Fluctuations in low power of brain waves are 
observed not only in the elderly people, but they are also observed 
in the patients with Alzheimer disorder.

As it was mentioned, the patients’ brain electrical function is 
determined by higher power of Delta and Theta waves and reduced 
power of Alpha and Beta waves [8,9]. These abnormalities in the 
electrical function of brain happen along with the changes in brain 
cortical blood flow and its metabolism [10]. Increased functions of 
slow waves are reported for Parkinson’s dementia in quantitative 
electroencephalography [11].  Although, there is no problem in 
clinical diagnosis of between Alzheimer and Parkinson diseases, 
but understanding different pathophysiological mechanisms of 
both diseases in terms of prognosis can be important. This paper`s 
aim is to study the brain’s electrical functions in different bands of 
different brain lobes and tries to evaluate the absolute power and 
coherence value of brain waves in patients with Alzheimer Disease 
and Parkinson dementia. 

Materials and Methods
In a comparative casual study, 40 patients with Alzheimer, 12 

patients with Parkinson Dementia and 40 healthy people, were 
included in a study by convenience sampling method. MMSE test 
was completed for all patients and healthy people. Then, EEG of 

the patients and the subjects in the control group was obtained 
using electrocardiogram Mitsar model in eyes close position 
for duration of 10 min. The brain waves were recorded using 
electroencephalograph or EEG with 21 channel amplifiers, plastic 
caps, and aluminum electrodes as well as 10-20 standard placement 
system. Only the waves free from artifacts were analyzed. The 
absolute power was analyzed separately for each band and the 
coherence between the hemispheres was calculated using the 
following pairs: Left-right frontal (F3-F4); left-right temporal (T3-
T4) & left-right Occipital (O1-O2). Then the data were analyzed 
using Neuroguid software. Frequency domain analysis was done 
using Fast Fourier Transform (FFT) algorithm. One-way ANOVA 
test was used in order to evaluate the mean absolute power of 
waves and to measure coherence between the hemispheres. Mann–
Whitney U test was used for follow-up tests. In all cases, the values 
less than 0.05 were considered significant.

Results
General demographic values are provided in Table 1. Table 1 

shows that there is a difference between scores of MMSE between 
the groups (ANOVA, p<0.05). MMSE score of patients was lower 
than that of the control group.  But Duncan test shows that the 
difference between PD and AD is not significant. ANOVA test was 
used in order to examine the absolute power of brain waves in the 
patients with Alzheimer and Parkinson. The results are provided in 
Table 2. Mean of Delta and Theta absolute powers of PDD patients is 
higher than those of AD and control group; Alpha absolute power of 
Parkinson dementia is lower than that of the Alzheimer and control 
groups, while that in Alzheimer is lower than that of the control 
group. While there is significant difference between Alzheimer and 
Parkinson groups with control group in terms of Beta wave absolute 
power – especially high Beta- there is no significant differences 
between them compared to the two dementia groups (ANOVA, P> 
0.05) (ANOVA and Duncan test, p <0.05).

Table 1: General demographic data of patients and the control group.

Groups AD PD Control F Compare with (p Value)

Number 40 12 40 - -

Age (year) 74.7 ± 8 70.3 ± 6 69.8 ± 2 4.49 ANOVA (0.005)

Sex (Male/Female) 16.22 ± 6 4.8 ± 9 14.23 ± 1 - Chi- square (0.176)

Education (Year) 3 4 5 2.13 ANOVA (0.137)

MMSE Test 15.8 12.5 25.7 65.12 ANOVA (0.0001)

Table 2: Comparison of absolute power of brain waves in different groups.

Mean AD PDD Control F ANOVA (P Value) PDD with AD PDD with Control AD with Control

Delta 33.7 37.3 29.7 6.91 0 S S S

Theta 38.9 47 33.3 8.66 0 S S S

Alpha 43.6 38.6 46.2 0.08 0 S S S

Beta 29.5 31.3 35.2 0.65 0.58 NS S S

S: Significant

NS: Non-Significant
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One-way ANOVA was used in order to compare the coherences 
in the brain waves of the patients with Alzheimer and Parkinson 
diseases in both Frontal lobes ( F3 & F4). The test data are provided 
in Table 3. There is significant difference between Alpha and Beta 

bands of the two hemispheres in terms of coherence in the Frontal 
areas; it is higher for PDD group than AD group, and it is lower for 
AD group than the control group (Mann Whitney U, p<0.05). There 
is no significant difference in other areas of both hemispheres.

Table 3: The value of coherences between the left and right hemisphers of the frontal regions(F3-F4) and comparing in three group.

Mean: AD PDD Control F ANOVA (P Value) PDD with AD PDD with Control AD with Control

Delta 0.56 0.61 0.59 0.88 0.646 NS NS S 0.01

Theta 0.54 0.63 0.57 3.44 0.039 S 0.031 NS S 0.01

Alpha 0.51 0.62 0.59 3.29 0.049 S 0.001 NS S 0.011

Beta 0.42 0.59 0.56 9.65 0 S 0.025 S 0.01 S 0.001

S: Significant

NS: Non-Significant

Discussion
Experimental evidences show that Delta, Theta and Alpha 

waves fluctuations represent the cognitive and memorial functions 
of humans and studying the changes in these waves may indicate 
variable types of disorders and psychiatric diseases. In this 
regard, Quantified techniques can increase the sensitivity of 
electroencephalography [12]. In Alzheimer disease and the activity 
of brain waves in these patients, EEG findings indicate increased 
Delta and Theta waves and reduced Alpha and Beta waves [4]. These 
findings are consistent with the findings of our study; although this 
group did not report anything on Beta wave. Our results related to 
increased Theta and Delta power in AD are similar to the results 
of Chiaramonti et al. [13]. However, reduced absolute power for 
Alpha and Beta waves was not reported in theirs, it may be due to 
Alzheimer disease at its weak stage [13].

The research of Fonseca et al. [12] on the absolute power of 
brain waves in Alzheimer and control group showed that Alzheimer 
patients have higher absolute power for Delta and Theta waves 
compared to the control group; furthermore, Beta and Alpha waves’ 
coherence in frontal areas were lower than that of the control group 
[14]. These findings are consistent with the results of our study. It 
seems that activity of slow waves is more than that of Alpha and Beta 
waves’ not only in Alzheimer but also in other states of dementia in 
which brain cells dementia are observed. Martin-Loeches reported 
wide distribution of slow brain rhythms in vascular dementia 
[15]. Increased absolute power of slow waves in PDD group is 
similar to the results obtained by Sandmann et al. [5], Sinanovic 
et al. [11], Fonseca and et al. [14]. Distributed changes are seen in 
slow frequency of Delta and Theta bands of AD and PDD groups. 
However, increased activity of slow waves in PDD was higher than 
that of AD, and these results were similar to the results obtained 
by Babiloni et al. [16]. They showed more Theta/ Delta increase in 
PDD patients than AD patients. 

The next issue about brain features is coherence. In other 
words, coherence measures covariance between pair signals or 
pair electrodes and it is a function of frequency; this method is good 
establishment of the connection between the two areas through 

corpus callosum between the two hemispheres [17]. It can be said 
that higher coherence refers to structural and functional capability 
of inter- and intra-connection between brain hemispheres [18]. As 
a result, coherence is becoming an important factor in studies on 
brain disease including Alzheimer and Parkinson. Alpha and Beta 
frontal coherence of two hemispheres in AD group was lower than 
that of the control group. These results were consistent with the 
results obtained by Besthorn et al. [19], Anghinah et al. [20], Adler 
et al. [21], Fonseca et al. [14]. The reason might be the importance 
of Frontal and Temporal lobes in brain functions or cognitive 
functions that have been reduced in Alzheimer patients.

The Frontal lobe plays an important role in movement 
programs, calculations, judgments, behavioral preventions etc. 
The same cases which fail in Alzheimer and Parkinson dementia. 
Beta frontal coherence of the two hemispheres was lower in 
AD patients compared to PDD ones, and there was significant 
difference between these groups and the control group in this 
regard. Reduced Beta and Alpha coherence indicate disconnected 
function between the cortical areas that can explain Disconnection 
syndrome for Alzheimer patients [19]. The current study showed 
that there is a difference in the Beta band coherence between 
AD, PDD, so the increase in the coherence of PDD patients and 
reduced coherence of AD patients can be observed. Apart from the 
increase in absolute power of slow waves (Delta and Theta) in PDD, 
these Neuropsychological differences can be related to distinct 
mechanisms of dementia in the development of Alzheimer and 
Parkinson. Locatelli’s studies showed similar results on reduced 
coherence of Alzheimer patients’ brain [22].

According to the results of their study, the coherence between 
the two hemispheres of AD group was reduced significantly in 
Occipital areas of Alpha and Beta bands; this was also true in the 
case of Beta and Theta frontal areas. These results might indicate 
cortico- cortical disconnection due to loss of neuron in Alzheimer 
disease [23]. These results are similar to the results obtained in the 
present study. The interesting point that researchers in this study 
have done is the evaluation of partial power of Alpha / Theta waves 
in patients and healthy people as important indicators of evaluating 
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brain electrical waves among the people with Alzheimer disease; 
this is considered as a means of diagnosing Alzheimer especially in 
its initial stages.  Like our research, they also reported statistically 
significant difference in the coherence of frontal areas. It seems that 
due to the importance of high frequency waves in creating brain 
arousal states and reduced frontal areas in patients with dementia, 
these waves have reduced both Alzheimer and Parkinson’s disease 
dementia in terms of power and necessary coherence compared to 
both hemispheres.

Conclusion
In recent decades, various methods and techniques have 

been developed and applied for the fastest, most available, non- 
invasive diagnosis of neurologic disease including Alzheimer and 
Parkinson’s dementia. However, electroencephalography and its 
recent quantitative form or QEEG has gained special place in this 
regard. Maybe the main reason is application of FFT algorithm with 
the ability of providing more information about the characteristics 
of brain waves. Converting synovial waves into quantified waves, in 
addition to enabling comparison of these waves with those of the 
healthy people as well as creating brain maps, lead to easy and fast 
diagnosis of these diseases. Various components including absolute 
power of brain waves and coherence of waves make it feasible to 
evaluate the brain functions resulting from waves. As previous 
studies and current study show, the activity of slow frequency 
waves (Delta and Theta) in elderly people represents dementia 
disorders. Beta and Alpha waves of these patients show weak 
functions compared to healthy people. In the case of coherence, 
reduced isotonic of mirrored points in the areas between the two 
hemispheres can be observed due to degradation of cortex neuron 
cells especially in White matter area in terms of brain arousal waves 
(Beta and especially Alpha); this issue can be observed more clearly 
in Frontal areas.
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