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Quantitative electroencephalography 
power and coherence measurements 
in the diagnosis of mild and 
moderate Alzheimer’s disease
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ABSTRACT
Objective: To evaluate the contribution of quantitative electroencephalographic (qEEG) 
analyses in the diagnosis of Alzheimer’s disease (AD). Method: Thirty-five patients from 
the Neurology Outpatients Clinic of PUC-Campinas, diagnosed with AD according to the 
NINCDS/ADRDA were evaluated, and compared with a control group consisting of 30 
individuals with no cognitive deficit. The procedures consisted of clinical-neurological, 
cognitive and behavioral analyses and the qEEG (absolute power and coherence). Results: 
The AD group presented greater absolute power values in the delta and theta bands, 
greater theta/alpha indices and less frontal alpha and beta coherence. Logistic multiple 
regression models were constructed and those only showing variations in the qEEG (frontal 
alpha coherence and left frontal absolute theta power) showed an accuracy classification 
(72.3%) below that obtained in the mini-mental state examination (93%). Conclusion: The 
study of coherence and power in the qEEG showed a relatively limited accuracy with 
respect to its application in routine clinical practice.
Key words: dementia, Alzheimer’s disease, electroencephalography, EEG, coherence.

Medidas de coerência e de potência absoluta no eletrencefalograma quantitativo no 
diagnóstico da doença de Alzheimer

RESUMO
Objetivo: Avaliar a contribuição das análises quantitativas do eletroencefalograma 
(qEEG) no diagnóstico da doença de Alzheimer (DA). Método: Foram avaliados 35 
pacientes do ambulatório de Neurologia Clínica da PUC-Campinas, com o diagnóstico 
de DA segundo o NINCDS/ADRDA e comparados a 30 indivíduos, sem déficit cognitivo, 
de grupo controle. Os procedimentos foram avaliação clínico-neurológica, cognitiva 
e comportamental e EEGq (potência absoluta e coerência). Resultados: O grupo DA 
apresentou maiores potências absolutas nas faixas delta e teta, maiores índices teta/alfa 
e menor coerência alfa e beta frontal. Foram construídos modelos de regressão múltipla 
logística e aquele que contou apenas com variáveis do EEGq (coerência alfa frontal e 
potência absoluta teta frontal esquerda) teve acurácia de classificação (72,3%), inferior à 
obtida com o mini-exame do estado mental (93%). Conclusão: O estudo de coerência e 
potência no qEEG tem acurácia relativamente limitada no sentido de aplicação prática 
clínica rotineira.
Palavras-chave: demência, doença de Alzheimer, eletroencefalografia, EEG, coerência, 
potência absoluta.
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Dementia is one of the commonest disorders in the 
aged and is clinically diagnosed based on international 
consensus.

Alzheimer’s disease (AD), the most common cause 
of dementia, lacks viable markers allowing for its diag-
nosis, and the current gold standard consists of the clin-
ical criteria proposed by the NINCDS-ADRDA1 and by 
the DSM-IV 2.

In clinical-pathological series, the NINCDS-ADRDA 
criteria1 show a diagnostic accuracy of 80-95%3, and thus 
other procedures with diagnostic value for Alzheimer’s 
disease require accuracy increments above these levels.

Various neuroimaging, biochemical and genetic 
methods have been investigated for the diagnosis of AD, 
without characterizing any specific markers4.

On examining electrical brain activity, the electro-
encephalogram (EEG) is a functional exam useful in  
evaluating cognitive disturbances, and can be of use in 
diagnosing patients with cognitive deficits, especially 
when diagnostic doubts exist after the initial clinical  
procedures5. 

In addition to analyzing the trace, the development 
of the digital EEG allows one to carry out various types 
of quantitative analyses (qEEG), amongst which the 
most used are the analysis of frequency and coherence. 
In the analysis of frequency, the powers of various fre-
quency bands are calculated, which constitute the elec-
trical brain activity, whereas in the analysis of coher-
ence, the relationship of the EEG between two regions 
is studied, making it possible to evaluate the connectivity 
between them and obtain information about functional 
interactions between neural networks represented on the 
cortex6. Methods have also been researched for the eval-
uation of patients with mild cognitive disorders or AD, 
applying other quantitative approaches, such as the anal-
ysis of the sources of cortical rhythms7, non-linear time 
series analyses8, and during functional activities9.

Various research projects have considered the pos-
sible contribution of EEG and qEEG in the diagnosis of 
the start of AD and in the prediction of the evolution of 
a mild cognitive disturbance to dementia.

In a recent review, Jelic et al.10, concluded that al-
though various studies had presented elevated accuracy 
indices for the use of EEG and qEEG in the diagnosis of 
AD, the evidences were still not sufficient for its use in 
the initial evaluation of these patients.

Considering that EEG is a widely available, low cost 
and non-invasive procedure, it is of interest to research a 
combination of quantitative approaches in order to eval-
uate its use in the diagnosis of AD.

The use of the frequencies and coherence as analytical 
variables was applied together in some studies with patients 
showing cognitive disorders, with promising results9,11.

The objective of the present work was to compara-
tively study patients with AD (mild and moderate) and 
healthy controls, using a joint analysis of the absolute 
powers, including the theta/alpha index and that of the 
coherences, using techniques available in the majority of 
EEG equipments, and evaluate the value of the measure-
ments from qEEG in the diagnosis of AD.

METHOD
Participants
Thirty-five patients were included, all attending the 

Outpatient’s Department of the Neurology Clinic of 
the Celso Pierro General & Maternity Hospital - PUC/
Campinas, and all with dementia according to the Di-
agnostic and Statistical Manual of Mental Disorders 
(DSM IV, 1994)2 and diagnosis of AD (slight or moderate 
stages) according to the criteria of the NINCDS/ADRDA 
(National Institute of Neurological and Communicative 
Disorders and Stroke and Alzheimer’s disease)1. A con-
trol group was also set up, including 30 subjects with 
no history of cognitive decline or previous neurological 
or psychiatric disorders and of similar gender and age 
range. These were also submitted to the EEG and the 
same clinical-neurological assessments and cognitive 
tests as the AD patients.

The criteria used for exclusion were: co-morbidity 
with a significant reduction in life expectancy; treatment 
with acetylcholinesterase inhibitors or any other mod-
ulator of cognitive function; treatment with any other 
drugs with the potential to alter cognitive function, such 
as benzodiazepines and anti-psychotic drugs; and a score 
lower than 4 on the Hachinski scale in order to minimize 
the possibility of vascular disease and focal lesions in the 
neuroimaging exams.

Procedures
The patients were submitted to the following pro-

cedures: clinical-neurological evaluation, general lab-
oratory exams, and computed tomography or mag-
netic resonance imaging to eliminate other causes of the  
dementia; the CERAD (Consortium to Establish a 
Registry for Alzheimer’s Disease) neuropsychological  
battery; the Pfeffer questionnaire; and the Clinical De-
mentia Rating (CDR).

The cognitive and behavioral evaluations followed the 
recommendations of the National Consensus12. Applica-
tion of the CERAD neuropsychological battery and the 
EEG were carried out on the same day.

The CERAD neuropsychological battery considers 
items for the diagnosis of dementia in the aged, and in-
cludes the items: MMSE, verbal fluency, abridged Boston 
Naming Test, word list memory with repetition, con-
structional praxis, recall and recognition of word list and 
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recall of constructional praxis. The scores correspond to 
the correct answers for all the items.

The Pfeffer questionnaire for functional activity eval-
uates the interference of the dementia in daily activities, 
scoring according to the decline in performance quality 
in these activities.

The CDR was used to classify the phase of dementia 
according to a scoring system.

Electroencephalogram
This registers brain electrical activity with the objec-

tive of allowing for its analysis. The EEG was recorded 
with a resolution of 12 bits, 0.5 and 35 Hz filters and 
200 samples per second, using the Braintech 3.0 equip-
ment (EMSA Equipamentos Médicos) in the Electroen-
cephalography Center. Impedance was maintained below 
10 kΩ. The exam was carried out with the individual at 
rest, in a silent environment with low intensity lighting. 
The electrodes were placed according to the Interna-
tional 10-20 System, with the use of an additional two 
electrodes placed 1 cm below (left side) and above (right 
side) the external angle of the eyelid, with the objective 
of evaluating eye movements. The inter-connected ear 
lobe electrodes served as the reference. The data were 
recorded during five periods, alternating 2-min resting 
periods with the eyes closed with 2-min awake periods 
with the eyes open.

For the quantitative EEG analyses, 18 to 26 epochs 
free of artifacts and without paroxysms were selected 
while awake and resting (eyes closed), each lasting 2.56s. 
The author (LCF) had no information on the clinical di-
agnosis of the individuals when selecting the epochs. 
After applying the Fast Fourier Transform, the absolute 
powers were studied in the following frequency bands: 
delta (up to 3.9 Hz), theta (4.9 to 7.8 Hz), alpha (8.2 to 
12.5 Hz) and beta (12.9 to 36.3 Hz). 

To obtain a normal distribution of the data, the values 
for absolute power were substituted by their logarithms. 
The absolute power was analyzed for the traditional fre-
quency bands and for all the individual electrode posi-
tions with the exception of Fp1, Fp2, F7 and F8, in order 
to avoid ocular artifacts. 

To analyze for coherence, this was defined as:

Cohxy (f ) = [Rxy (f )]2 = [Gxy (f )]2

Gxx (f ) (Gyy (f )

where Gxy(f ) denotes the spectral density of the 
cross-power and Gxx(f ) and Gyy(f ) are the respective 
spectral densities of the power. The inter-hemispheric 
coherences between the following pairs of homologue 
electrodes were calculated: frontal left-right (F3-F4); mid 

temporal left-right (T3-T4) and occipital left-right (O1-
O2). For the intra-hemispheric coherences, the coher-
ences between the frontal-occipital, center-parietal and 
mid temporal-posterior pairs were measured, both to the 
left (F3-O1, C3-P3 and T3-T5) and to the right (F4-O2, 
C4-P4 and T4-T6). These measurements were taken for 
each of the 4 bands (delta, theta, alpha and beta).

Considering that the coherence measurements de-
pend on the distance between the electrodes, coherences 
between electrodes with different distances were not 
compared, and only equivalent coherences were com-
pared between the AD and control groups.

Data analysis
The Statistical Packages for Social Sciences 

(SPSS 10.0.1) was used for the data analysis, applying  
parametric and non-parametric tests according to  
the data distribution as assessed by the Wilk-Shapiro test 
and an analysis of the histogram. All the tests were two 
-tailed and the level of significance was fixed at p≤0.05. 
Logistic binary regression models were constructed  
with p<0.05.

The patients with AD were initially compared with 
the controls with respect to the socio-demographic 
data, the results of the Mini-Mental State Examination 
(MMSE), means of the logarithms of the absolute powers 
at the various electrode positions, and also the measure-
ments of intra-hemispheric and inter-hemispheric co-
herences in the 4 frequency bands.

In the logistic regression analysis for the diagnosis of 
AD, variables with p<0.10 in the comparison between 
the AD and control groups were included, in a search 
for statistically significant models that allowed for the 
calculation of accuracy in the discrimination between 
the groups.

Ethical aspects
The Ethics Commission for Research with Human 

Beings approved the project, and the subjects signed in-
formed consent forms.

RESULTS
Clinical aspects
Table 1 shows the socio-demographic data and the 

results for the Mini-Mental State Examination for the 
35 patients in the AD group and the 30 controls. There 
was no significant difference between the groups with  
respect to age and gender, although the AD group 
showed a shorter scholastic period than the control 
group (t test, p<0.05). The scores in the MMSE were 
significantly lower for the AD group. Twenty three pa-
tients in the AD group showed a mild form of the disease  
and 12 moderate.
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Quantitative EEG
Table 2 shows the means of the logarithms for the 

absolute powers in the delta and theta frequency bands 
and the values for P, in the comparison between the AD 
group and the controls.

It can be seen that the powers in the theta band were 
greater in the AD group than in the CG group, with sta-
tistical significance for all the electrodes studied except 
for T3, T4 and T6.

With respect to the delta band, the powers were only 
greater in a statistically significant way for the AD group 
at electrodes O2, C0 and F0.

There was no significant difference between the AD 
group and the controls for the alpha and beta bands.

The theta / alpha indices in Table 3 show that they 
were significantly greater for the AD group at all the elec-
trodes studied except T3.

With respect to coherence, a statistically significant 

difference was only found between the AD group and the 
controls for the frontal (F3-F4), inter-hemispheric (alpha 
and beta bands) and inter-occipital (O1-O2) beta coher-
ences (Table 4).

Logistic multiple regression in the classification 
between the Alzheimer and control groups
Table 5 shows the regression models for the classi-

fication between AD and the controls using the MMSE 
(model 1) and the qEEG variables - F3 theta power and 
F3-F4 alpha coherence (model 2). The accuracy of the 
model that only included the QEEG variables was 72.3%, 
with a sensitivity of 71.42% and specificity of 73.3%, 
lower than the accuracy of the MMSE. The qEEG vari-
ables failed to add accuracy to the MMSE in diagnosing 
AD. The theta/alpha indices did not enter the regression 
equations in a significant way.

Table 1. Socio-demographic data and results of the Mini-Mental State Examination in patients with 
AD and the control group.

Alzheimer 
N=35

CG
N=30 P value 

Age (yrs) 73.63 (6.50) 71.60 (4.26) 0.1491

Gender (male/female) 12/23 7/23 0.3332

Education (yrs) 3.21 (3.16) 5.58 (4.84) 0.0263

Mini-Mental State Examination 17.06 (4.44) 26.80 (2.09) 0.0001

When mean values are shown, the standard deviations (SD) are given in parentheses. 1t test; 2chi-squared test; 
3Mann-Whitney U test, CG: control group.

Table 2. Means (SD) of the logarithms of the absolute powers in the delta and theta bands for the various positions of the electrodes in 
the AD and control groups. 

Electrode

Delta power Theta power

AD CG P value AD CG P value

T3 29.29 (6.78) 27.25 (5.81) 0.201 33.76 (9.85) 29.79 (9.28) 0.101

T5 29.85 (7.08) 26.60 (5.92) 0.051 37.30 (11.05) 31.69 (11.42) 0.049*

F3 32.95 (6.15) 30.41 (6.02) 0.099 38.95 (9.36) 33.08 (9.02) 0.013*

C3 32.03 (6.76) 29.78 (5.31) 0.146 39.37 (10.76) 33.79 (9.36) 0.031*

P3 33.42 (7.10) 30.48±5.98 0.101 41.31 (11.48) 35.25 (10.68) 0.032*

O1 32.31 (7.12) 29.15 (6.35) 0.065 40.72 (11.70) 34.28 (11.85) 0.031*

T4 29.03 (6.83) 27.11 (6.18) 0.243 33.24 (10.23) 29.52 (9.75) 0.140

T6 29.94 (6.83) 27.19 (5.53) 0.091 36.92 (11.51) 31.38 (11.17) 0.054

F4 33.37 (6.26) 30.87 (5.68) 0.099 39.20 (9.75) 33.97 (9.30) 0.032*

C4 32.47 (7.24) 30.77 (5.68) 0.301 39.55 (10.92) 34.62 (10.04) 0.064

P4 33.33 (7.33) 30.97 (5.06) 0.143 40.99 (11.59) 35.54 (11.11) 0.059

O2 33.52 (6.72) 30.33 (5.99) 0.049* 40.94 (12.14) 34.39 (12.04) 0.033*

F0 33.97 (6.20) 30.82 (5.75) 0.039* 40.09 (9.52) 34.52 (9.58) 0.022*

C0 33.84 (6.84) 31.84 (5.79) 0.212 40.86 (10.95) 34.93 (9.64) 0.025*

P0 34.42 (7.28) 32.29 (5.30) 0.189 42.04 (11.29 36.44 (10.44) 0.043*

*t test, p<0.05; AD: Alzheimer group; CG: control group.
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DISCUSSION
In studies on AD using analyses of EEG frequencies, 

an increase in activity of the theta band has been found, 
and during evolution of the disease, this is associated 
with an increase in the delta activity and a decrease in 
the alpha and beta bands13. The increase in theta activity 
and reduction in alpha activity can be accompanied by 
calculating the theta/alpha index. 

In the present casuistry, the finding of an increase 
in theta power, and to a lesser extent of the delta band, 
is similar to that reported in the literature13-15. No sig-
nificant decreases in the alpha and beta powers were 
found, probably because the greater part of the patients 
was in the mild stage of AD. Nevertheless, the AD group 
showed theta/alpha indices significantly higher than 
those of CG, indicating behavioral differences with re-
spect to the alpha and theta powers.

The EEG slowing of AD, observed in the analysis of 
the frequencies appeared to depend on the cholinergic 
deficit, since there was a neocortical disconnection with 
structural or functional rupture of the long cortico-cor-
tical tracts16.

In the analysis of coherence in AD, the most frequent 
finding is a reduction in the alpha and beta bands16-19.

Table 3. Means (SD) for the theta/alpha indices for the various 
positions of the electrodes in the AD and control groups.

Theta / alpha indices

Electrode AD CG P value

T3 0.922 (0.192) 0.841 (0.138) 0.058

T5 0.914 (0.215) 0.801 (0.127) 0.014*

F3 0.944 (0.170) 0.850 (0.128) 0.016*

C3 0.900 (0.175) 0.820 (0.122) 0.040*

P3 0.889 (0.174) 0.793 (0.110) 0.012*

O1 0.901 (0.210) 0.779 (0.135) 0.008*

T4 0.913 (0.188) 0.807 (0.128) 0.011*

T6 0.896 (0.211) 0.780 (0.141) 0.013*

F4 0.941 (0.166) 0.844 (0.104) 0.008*

C4 0.903 (0.181) 0.816 (0.113) 0.026*

P4 0.884 (0.184) 0.788 (0.115) 0.016*

O2 0.897 (0.211) 0.765 (0.135) 0.005*

F0 0.970 (0.180) 0.863 (0.131) 0.009*

C0 0.905 (0.1630 0.804 (0.110) 0.005*

P0 0.895 (0.169) 0.817 (0.169) 0.033*

*t test, p<0.05; AD: Alzheimer group; CG: control group.

Table 4. Means (SD) for the coherences in the alpha and beta bands for the AD and control groups and the respective values for p in 
the comparison.

Electrodes

Alpha coherences Beta coherences 

AD CG p AD CG p

T3-T4 0.41 (0.06) 0.41 (0.07)  0.927 0.37 (0.04) 0.37 (0.03) 0.865

F3-F4 0.56 (0.106) 0.62 (0.11) 0.038* 0.450 (0.07) 0.49 (0.074) 0.017*

O1-O2 0.59 (0.157) 0.54 (0.12) 0.219 0.55 (0.15) 0.48 (0.12) 0.048*

T3-T5 0.65 (0.095) 0.65 (0.10) 0.852 0.58 (0.10) 0.67 (0.09) 0.338

F3-O1 0.44 (0.069) 0.44 (0.06) 0.832 0.39 (0.04) 0.40 (0.04) 0.886

C3-P3 0.80 (0.073) 0.78 (0.11) 0.452 0.72 (0.08) 0.685 (0.10) 0.108

T4-T6 0.62 (0.083) 0.63 (0.09) 0.458 0.57 (0.08) 0.57 (0.09) 0.825

F4-O2 0.44 (0.071) 0.45 (0.06) 0.419 0.39 (0.04) 0.39 (0.04) 0.934

C4-P4 0.80 (0.082) 0.79 (0.08) 0.961 0.73 (0.10) 0.73 (0.08) 0.181

*t test, p<0.05; AD: Alzheimer group; CG: control group.

Table 5. Regression models for the classification between Alzheimer’s disease and the controls: qEEG and Mini-
Mental State Examination and accuracy 

Variable Model 1 Model 2

MMSE .486 (.340-.693); P=0.0001

F3-F4 alpha coherence – .002 (.000–.450); P=0.024

F3 theta power – 1.087 (1.019–1.160)

Classification accuracy of the model 92.3% 72.3%

MMSE: mini-mental state examination. Values in the table are the odds ratio, the interval of confidence at 95% is in parenthesis, 
and P value.
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Similarly, in the present study, the significant altera-
tions in coherence occurred essentially in the alpha and 
beta bands between the frontal (F3-F4) and occipital 
(O1-O2) regions.

The analysis of coherence assesses relationships be-
tween regions, that is, the connectivity between cortical 
areas. The reduction in the alpha and beta coherences 
suggests functional disconnections between cortical 
areas and can be interpreted as a neocortical “discon-
nection syndrome” in AD16.

One probable factor affecting the genesis of these al-
terations could be that the basal forebrain neurons are 
severely affected in AD, leading to a brain cholinergic 
deficit which, for its part, could lead to the genesis of 
cognitive symptoms as also to EEG slowing, and also to 
a decrease in coherence20.

The alterations found in the qEEG in the present re-
search can be considered characteristic of AD.

The QEEG in the diagnosis of Alzheimer’s disease
A visual analysis of the EEG can be used in the eval-

uation of cognitive disturbances, particularly when diag-
nostic doubts remain after the basic clinical procedures5,21. 

A normal EEG is of reduced value in the assessment 
of cognitive disturbances, since it can occur in 4.8 to 14% 
of AD cases, but an abnormal EEG increases the possi-
bility of dementia10. 

With respect to the qEEG, much research has been 
carried out aimed at evaluating its diagnostic value in 
AD. These studies show considerable diversity in the 
methods for both the selection and size of the casuistry 
of the AD group and CG, and in the diagnostic criteria, 
data collection and approach used in the qEEG and in 
the statistical methods applied. The results for accu-
racy, sensibility and specificity varied widely between 
the studies10. 

In the present research the analyses of frequency 
and coherence were studied together with the aim of 
attaining greater diagnostic accuracy, considering that 
these methods evaluate different characteristics of the 
electrical brain activity and are probably related to dif-
ferences in physio-pathological mechanisms. 

In the regression, one analytical variable of power 
(absolute frontal theta) and another of coherence (frontal 
alpha coherence, F3-F4), entered the equation, corre-
sponding to the nucleus of alterations occurring in the 
qEEG in AD, the increase in activity of theta and de-
crease in frontal alpha coherence. The theta/alpha in-
dices did not enter the equation in a significant way, 
suggesting a greater importance of the increase in theta 
activity in discriminating between AD and CG.

The sensitivity and specificity obtained by the qEEG 
in the present study were respectively 71.4% and 73.3%, 

within the ranges found in the literature, which varied 
from 24 to 94% for sensitivity in the different studies22-25, 
and from 73 to 100% for specificity17,23,26,27. 

In the studies assessing power and coherence to-
gether in the classification of the AD and control groups, 
the accuracy was between 77 and 89%28,29.

The great differences in accuracy found in the litera-
ture probably depended on various factors. Greater ac-
curacy in the classification between the AD and con-
trol groups could be due, for example, to series for the 
AD group with the inclusion of advanced cases, control 
groups without the co-morbidities commonly found in a 
clinic, and the use of more adequate statistical methods.

In the current study, the relatively lower values for 
sensitivity could, in part, be due to the inclusion of a 
majority of patients with mild AD and of individuals in 
the control group with various co-morbidities, so long 
as they did not potentially interfere with life expectancy. 
Also, the assessment of the EEG and selection of epochs 
for analysis was done in a blind way, with a possible re-
duction in biases in the results.

With respect to the results of the qEEG, considering 
the different assessment methods, it is worth empha-
sizing the research of Lehmann et al.30 who, in the same 
casuistry, compared different variables of the qEEG, and 
also different classification methods between the AD 
patients and controls, considering 197 patients and 45 
controls. The EEG was carried out at rest with the eyes 
closed and absolute and relative powers were assessed 
with spectral distribution and measures of spatial syn-
chronization. These authors verified that modern com-
puter-intensive classification algorithms such as random 
forests, support vector machines and neural networks, 
showed slightly better performance than the classical 
classification algorithms (component linear discriminant 
analysis, principal component logistic regressions). In the 
discrimination between mild AD and the controls, there 
was a sensitivity of 85% and specificity of 78%.

In the present study, the EEG variables that entered 
the model in a significant way were both of the frontal 
regions, the frontal theta absolute power and the alpha 
coherence. Based on these variables, the model showed 
an accuracy of 72.3%, which is insufficient for clinical 
application, as has been observed with other qEEG 
methods7,10,28,30.

In a recent, ample review, Jelic et al.10 concluded that 
there was no qEEG measurement that could be con-
sidered as a marker of dementia and of AD in partic-
ular. Thus the use of qEEG in the diagnosis of Alzheimer 
must remain restricted to situations in which diagnostic 
doubts remain after the initial assessments.

However, perspectives exist for the development of 
uniform standards in multicentric prospective studies, 
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searching to assess the diagnostic increment of EEG and 
qEEG with respect to multimodal assessment batteries 
in the diagnosis of AD10.
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