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Abstract: Decay of the temporoparietal cortex is associated with prodromal Alzheimer’s
disease (AD). Additionally, shrinkage of the temporoparietal cerebral area has been connected
with an increase in a3/02 electroencephalogram (EEG) power ratio in prodromal AD. Fur-
thermore, a lower regional blood perfusion has been exhibited in patients with a higher o.3/0.2
proportion when contrasted with low 0.3/0.2 proportion. Furthermore, a lower regional blood
perfusion and reduced hippocampal volume has been exhibited in patients with higher o.3/0.2
when contrasted with lower 03/a2 EEG power ratio. Neuropsychological evaluation, EEG
recording, and magnetic resonance imaging were conducted in 74 patients with mild cogni-
tive impairment (MCI). Estimation of cortical thickness and 0.3/0.2 frequency power ratio was
conducted for each patient. A subgroup of 27 patients also underwent single-photon emission
computed tomography evaluation. In view of o.3/0.2 power ratio, the patients were divided into
three groups. The connections among cortical decay, cerebral perfusion, and memory loss were
evaluated by Pearson’s r coefficient. Results demonstrated that higher 0.3/0.2 frequency power
ratio group was identified with brain shrinkage and cutdown perfusion inside the temporopa-
rietal projections. In addition, decay and cutdown perfusion rate were connected with memory
shortfalls in patients with MCI. MCI subgroup with higher o.3/0:2 EEG power ratio are at a
greater risk to develop AD dementia.

Keywords: prodromal AD, EEG, SPECT, MRI, alpha rhythm, hippocampal atrophy

Introduction

Patients with mild cognitive impairment (MCI) normally belong to the group with a
noteworthy risk of developing Alzheimer’s disease (AD). As a consequence, there
is a need to find biomarkers that allow characterization of individuals who might
just be at considerable risk of expressing the disease, and are prone to be profitable
for early investigation and accommodation of counteractive action cures. The rec-
ognizable proof and acceptance of biomarkers for diagnosing, observing progres-
sion, and anticipating the onset of AD has been a most critical for the last 10 years.
In accordance with genuine demonstrative criteria, it has been identified that the
blending of various biomarkers is an identifier for a correct and early anticipation of
AD."? Thus, remarkably, the most affirmed biomarkers are Abeta42 and tau protein
in the cerebrospinal fluid, glucose hypometabolism measured by fluorodeoxyglu-
cose positron emission tomography, decay of hippocampal volume on magnetic
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resonance imaging (MRI), and brain amyloid burden mea-
sured by imaging with positron emission tomography.>*
However not all controversies are clarified. The present
biomakers are able to detect patients with neurodegenera-
tive disease but they lack the mandatory specificity for the
diagnosis of particular subtypes of dementia. Most studies
of recent MRI examinations have demonstrated widespread
neural system changes in patients with prodromal AD.>
Particularly, patients with cognitive decline show early
decay and absence of gray matter specifically in cortical
zones,*® precuneus, hippocampal, middle temporal, and
parietal lobes. For identifying biomarkers for an early and
prescient analysis, the electroencephalogram (EEG) is a
reliable tool.!" Unquestionably, it is widely perceived that
the cerebral EEG rhythms reflect the basic brain system
condition.'? Generally, the o rhythm seems to be a suitable
instrument to recognize the relationship between structural
and functional brain networks.'*"! Recent investigations
have shown that the increase in upper o with respect to
lower o frequency is typically a trusted EEG marker of
hippocampal decay.!”!* Similarly, the expansion inside
the a3/02 power ratio has been exhibited as a prescient
of identification of patients with MCI due to AD, but not
non-AD dementia.”>>* Moreover, patients with higher a.3/0.2
showed a reduced blood regional cerebral perfusion pattern
when compared with patients with lower a.3/0.2 power ratio.
In this study, the relationship between memory, and both
MRI and single-photon emission computed tomography
(SPECT) estimations inside the MCI group with a greater
a3/02 power ratio was examined. Results show that in the
higher a3/02 group, memory loss was related to cortical

decay and reduction in local cerebral perfusion within the
temporoparietal cortex.

Patients and methods

Patients

In this study, 74 patients with MCI were enrolled from the
memory clinic of the Scientific Institute for Research and
Care of Alzheimer’s and Psychiatric Disease (Fatebenefra-
telli) in Brescia, Italy. All research protocols were approved
by the Ethics Committee of the Istituzioni Ospedaliere Cat-
toliche. Written informed consent was obtained from all
individuals or their relatives, in agreement with the Code
of Ethics of the World Medical Association (Declaration
of Helsinki).

Diagnostic criteria

Diagnostic and severity assessment instruments used were
as follows: the mini-mental state examination (MMSE),*
the clinical dementia rating scale,* the Hachinski ischemic
scale,”” the instrumental and basic activities of daily living,?
and a complete neuropsychological appraisal.’ Depressive
symptoms were surveyed using the Center for Epidemiological
Studies-Depression (CES-D) scale.* All the neuropsychologi-
cal examinations were standardized to the Italian population
with respect to age, education, and sex. Patients had an MMSE
score ranging between 25 and 30/30, without any functional
impairment. Correspondingly, patients underwent MRI and
laboratory tests to identify if there were other reasons for the
cognitive failure. Sociodemographic and cognitive features
are outlined in Table 1. There was no statistical distinction in
age, sex, and education among the study groups.

Table | Demographic and cognitive characteristics of the whole sample, disaggregated for increased levels of o3/02

o3/02
High Middle Low P-value
Demographic and clinical futures
Number of patients 18 38 18
Age (years) 70.4+6.7 (60-85) 68.4+8.2 (52-83) 70.4+7.4 (57-80) 0.55
Sex (female) 13 (%) 24 (%) 14 (%) 0.51
Education (years) 6.613.6 (4-18) 7.6+3.7 (3-17) 8.3+4.7 (3-18) 0.42
Mini-mental state examination 27+1.7 (25-29) 27.4%1.3 (25-30) 26.9+1.2 (25-30) 0.46
WMHs (mm?3) 2.78+2.58 5.5946.60 2.57+2.76 0.09
a3/a2 1.2940.1 (1.17-1.52) 1.08+0.0 (1-1.16) 0.9+0.1 (0.77-0.98) 0.000
Memory
Babcock 9.6+3.5 9.8+4.1 9.9+3.8 0.99
AVLT immediate recall 42.747.6 38.8+11.8 40.5+12.8 0.53
AVLT delayed recall 8.613.2 8.2+4.1 9.1+4.4 0.80

Notes: Numbers denote mean = standard deviation and number (range). P denotes significance on ANOVA.

Abbreviations: ANOVA, analysis of variance; AVLT, auditory verbal learning test; WMHs, white matter hyperintensities.
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EEG recordings

The EEG was recorded constantly for 5 minutes, with
patients relaxing with eyes closed in a comfortable chair,
using electrode elastic cups (Electro-Cap, Inc., Eaton, OH,
USA) on 19 sites, in accordance with the 10-20 interna-
tional system (Fpl, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4,
T4, T5, P3, Pz, P4, T6, O1, and O2). To maintain the level
of vigilance standard, an operator controlled the patients and
the EEG at the same time, alerting the patients whenever
there were markers of behavioral and/or EEG tiredness. The
ground electrode was situated before Fz. The left and right
mastoids served as the reference components. The record-
ings were utilized to re-reference the scalp recordings to the
common average. Information was recorded with a band-
cross channel of 0.3—70 Hz and digitized at a testing rate
of 250 Hz (BrainAmp; BrainProducts, Munich, Germany).
Terminal skin impedance was set under 5 kQ. Ocular move-
ments were detected by electrooculogram. The recording
was conducted for 5 minutes to assure the stationarity of the
signal and minimize the presence of artifacts. EEG informa-
tion was then fragmented in successive epochs for 2 seconds
with a frequency resolution of 0.5 Hz. The mean number of
epochs was 140; range 130 to 150. The presence of ocular,
muscular and other type of artifacts were manually checked
by two skilled electroencephalographists.'®

Investigation of individual frequency bands
A computerized fast Fourier transform (FFT) dependent
electrical power spectrum assessment (Welch method, Han-
ning windowing, and no phase shift) was used to compute
the power density of EEG rhythms (extending from 2 Hz
to 45 Hz), which has a 0.5 Hz resolution. Two landmark
frequencies (the 0/ transition frequency [TF] and the indi-
vidual o frequency [IAF] peak) were chosen in agreement
with previous literature.'*!"” IAF and TF were estimated for
every patient. These landmark frequencies were evaluated
on the power spectra averaged via all recording electrodes.
This “collapsed power methodology”, staying global field
potential permits to steadily individuate the IAF. Using TF
and IAF, we evaluated the frequency band array for every
individual as follows: & from TF-4 to TF-2,  from TF-2 to
TF, lower o band (o1 and 0.2) from TF to IAF, and upper o
band (or a3) from IAF to IAF + two. The ol and a2 teams
were processed as required after: ol from TF toward the
mid-level of TF-IAF range and 0.2 from this mid-position for
the IAF prime. The mean frequency assortment processed in
patients with MCT is as follows: 6 2.9-4.9 Hz; 6 4.9-6.9 Hz;

ol 6.9-8.9 Hz; a2 8.9-10.9 Hz; and o3 10.9-12.9 Hz.
Ultimately, the relative power for each frequency band was
computed, given the ratio among the absolute power in
every frequency and the absolute power spectra in the total
frequency range (from 2 Hz to 45 Hz). The a.3/02 power pro-
portion was estimated in all patients, and three groups were
already identified with regard to increasing tertile estimations
of a3/02: low (a3/02<<1), middle (1<o3/02<<1.16), and
high (03/0:2>1.16). The tertile division gives a balanced
composition of the groups to analyze.

MRI estimations

For each patient, a high-resolution sagittal T1-weighted
volumetric MRI output was acquired at the Neuroradiology
Unit of the “Citta di Brescia” Medical Center, Brescia, Italy,
with a 1.0 T Philips Gyroscan scanner by using a gradient
echo three-dimensional approach: TR =20 ms, TE =5 ms,
flip edge =30, field of check out =220 mm, acquisition
matrix =256 mm X256 mm, and slice thickness =1.3 mm.
Cortical thickness estimations for 74 patients with MCI were
made using a computerized MRI-based assessment method:
FreeSurfer v5.1.0, a tool for programming instruments for
the study of cortical and subcortical constructions. In the
cortical surface, the units on the limit between white and
cortical gray that make a difference and the pial surface were
also traced. In addition, a primarily cortical surface-based
atlas was delineated. Surfaces from patients could also be
adjusted to this atlas using a large-dimensional, nonlinear
algorithm.?' For each patient, the T1-weighted, anatomical
three-dimensional MRI dataset file was converted from
DICOM to. mgz format. Following this, the pinnacle used for
stripping utilizing a deformable format design, and extracere-
bral voxels was deleted. Cortical thickness was estimated by
utilizing the area between these surfaces (white and pial sur-
faces) at ~160,000 focuses for each hemisphere in the cortical
mantle. Therefore, the pial floor of each individual patient
was inflated to determine the huge-scale folding designs of
the cortex and subsequently transformed into a sphere to
minimize metric distortion. The individual folding patterns
of the area were then aligned with a mean folding pattern
using superior-resolution area-based averaging. Thickness
measures were mapped for the inflated surface area of each
participant’s brain reconstruction allowing for visualization
of knowledge over the overall cortical floor. Finally, corti-
cal thickness was smoothed, having a 20 mm entire width
at half height Gaussian kernel to lessen the variations while
measuring for further analysis.
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SPECT scans

A total of 27 patients with MCI and 17 healthy controls
underwent SPECT scan in the Nuclear Medicine Depart-
ment of the United Hospitals, Bergamo, Italy. Each
patient was offered an intravenous injection of 925 MBq
of technetium-99m ethyl cysteinate compound under rest-
ing circumstances, lying supine with eyes closed inside
a peaceful, dimly lit space. Forty to 60 minutes after the
injection, brain SPECT was executed utilizing a dual-head
rotating gamma digital camera (General Electrics, Elscint
Helix, Wauwatosa, WI, USA) equipped with low energy,
high resolution, parallel hole collimators. A 128x128 pixel
matrix, zoom x1.5 was used for graphic acquisition using
120 sites around a 360° orbit (in 3° approaches), which has
a pixel sizing and slice thickness of 2.94 mm. Butterworth
filter back projection (acquire =7, cutoff =0.45 cycles/cm)
was used for picture reconstruction, and attenuation
correction was executed employing Chang’s methodol-
ogy (attenuation coefficient =0.11/cm). Images were
exported in DICOM structure. To accumulate a particular
standardization, we developed a study-precise SPECT
style and design adopting both SPECT and MRI scans
equally, for all patients and healthy controls during the
overview, using a technique represented comprehensively
in other studies.’' Briefly, we created a personalized
superior-definition MRI guideline, regenerated SPECT
scans from the construction adopted by MRIcro, and then
coregistered them for their specific MRI scans with statis-
tical parametric mapping, Version 2 (SPM2; Functional
Imaging Laboratory, London, UK). We normalized each
MRI per the personalized MRI information. By means of
a nonlinear transformation (slice 25 mm), after which we
utilized the standardization parameters for the coregis-
tered SPECT. The personalized SPECT was regarded as
being the standard of all normalized SPECT scans. All
scans were processed through the SPM2 program. The
regions of interest selected for perfusion analyses in each
hemisphere with the select atlas were as follows: frontal,
parietal, temporal lobes, thalamus, and hippocampal—
amygdalar complex.’!

MRI statistical investigation

Distinctions between groups sociodemographic and neu-
ropsychological characteristics were analyzed making use
of SPSS v13.0 (SPSS Inc., Chicago, IL, USA), accomplish-
ing an analysis of variance (ANOVA) for continual vari-
ables and paired y? examination for dichotomous variables.
For continuous variables, post hoc pairwise comparisons

among groups were executed with Games-Howell or
Bonferroni tests, depending on the homogeneity of vari-
ance analyzed with Levene’s test. For the neuroimaging
analysis, the Qdec interface in FreeSurfer application was
used; a vertex-by-vertex evaluation was carried out by a
general linear model to analyze whether any change in
mean cortical thickness existed among the groups (low:
03/02<1 uV? center: 1< a3/02<1.16 uV?; and high:
03/02>1.17 uV?). Subsequent comparisons were carried
out as follows: higher vs lower, higher vs middle, and
middle vs lower. Age, sex, education, general cognitive
degree (MMSE rating), and white matter hyperintensities
(WMHs) were considered as covariates in the analysis to
avoid confounding factors. We first attempted to use a
Bonferroni multiple-comparison correction for our assess-
ment (at P<0.05, corrected); however, no P-value survived
after this correction. Therefore, we elected to establish a far
more restrictive significance threshold than P<<0.05, cor-
rected, at P<<0.001 uncorrected, for various comparisons.
In addition, we regarded as sizeable only the clusters that
were also =30 mm?. Finally, a surface map was created to
display the final results on an average brain. For illustra-
tive aims, significance was set at P<<0.01, uncorrected for
various comparisons.

SPECT statistical assessment

All the statistical analyses employed in this study were
executed by SPSS software method Version 13.0. First, the
distinctions regarding sociodemographic, scientific, and cog-
nitive variables in the two groups (MCI at reduced, and MCI
AT significant chance to transform in AD) were investigated.
The ) test for categorical variables (sex and ApoE carriers)
and Student’s independent #-test for continuous variables
(volumetric, perfusion values, and EEG frequencies) were
used. In all analyses, the significance threshold was set at
P<0.05. Individual SPECT scans were coregistered to their
own MRI pictures, and the SPECT design and style were also
coregistered into the higher definition MRI template, every
normalized SPECT and MRI picture used for the statistical
investigation was coregistered into the SPM customary ana-
tomical spot. Pearson’s r correlations were assessed among
the selected perfusion regions of interest (with regard to
age-corrected W scores) and the EEG frequencies in each
subgroup.

Memory performance statistical assessment
In order to obtain a control assessment to exclude casual
interactions among EEG markers and cortical volumes,
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a correlation between brain cortical atrophy and memory
general performance was examined. The correlation test was
completed within the three samples independently (higher
a3/02, lower o3/02, and middle a3/02 ratios) and on the
entire sample. The measure of a linear correlation was led
by our a priori hypotheses, for which the MCI subgroup
with the bigger cortical thinning and major increase in
o3/a2 EEG ratio (indicating an incipient AD) definitely
should exhibit a clear correlation, along with memory loss.
The correlation analysis was carried out with the following
memory tests: Babcock test, Rey auditory verbal learning
test (AVLT) rapid recall, and Rey AVLT delayed recall.
The analysis threshold was at P<<0.001, corrected for numer-
ous comparisons. The outcomes were mapped at P<<0.005,
uncorrected for illustrative aims. The clusters that survived
while using the statistical threshold and were =15 mm? were
seen as significant.

Results
MRI

Table 1 demonstrates the sociodemographic and neurop-
sychological characteristics of MCI subgroups obtained
through the tertile estimations of a3/a02 EEG frequency
power ratio. The ANOVA investigation showed that there
were no significant contrasts between groups matched
for age, sex, WMHs load, education, or general cognitive

Left hemisphere

Lateral Dorsal

Ventral

Posterior Anterior

—4.00
High > Low [

—2.00 -0.00

Figure | High 03/0:2 vs low a3/02.

level. In addition, age, sex, education, general cognitive
stage (MMSE rating), and WMHs were used as covariates
within the ensuing examination to abstain from confounding
variables. 03/02 power ratio was significant, estimated via
Games-Howell post hoc correlations (P<<0.0001). No differ-
ent significant results were obtained within the comparisons
of the remaining EEG frequency bands.

Differences in cortical thickness between

groups

1. High vs low: compared with low o3/02, patients with
high o3/02 ratio exhibited a decrease in the bilat-
eral temporal, supramarginal, and precuneus cortices
and in the right inferior parietal and insular cortex.
Global cortical gray matter decrease in the high o3/
02 compared with the low a3/02 groups was 471 mm?
(Figure 1).

2. High vs middle: compared with the middle 0.3/0:2 group,
the areas of decay were established in the left suprama-
rginal gyrus, left precuneus, and left postcentral cortex.
A decrease in the global cortical gray matter within the
higher 03/02 group compared with the middle a3/c2
group was 160 mm? (Figure 2), which was 34% less than
that in the low 0.3/0:2 ratio group.

No significant cortical thickness differences were
observed between middle and low a3/a2 groups.

Right hemisphere

Lateral Dorsal

Medial Ventral

Posterior Anterior

2.00 4.00

Wl High < Low

Notes: Red color represents the brain regions with higher regional cortical thickness in patients with MCI with high 0.3/02 ratio compared to patients with MCI with low
a3/02 ratio (P<<0.01, uncorrected). The color coding for P-values is on a logarithmic scale. Results are presented on the pial cortical surface of the brain; dark gray regions

represent sulci and light gray regions represent gyri.
Abbreviation: MCl, mild cognitive impairment.
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Left hemisphere

Lateral

Medial

—4.00
High > Middle

—2.00

Figure 2 High 03/0:2 vs middle o3/02.

0.00

Dorsal

Ventral

Posterior Anterior

2.00 4.00

W High < Middle

Notes: Red color represents the brain regions with higher regional cortical thickness in patients with MCI with high o:3/0.2 ratio compared to patients with MCl with middle
a3/02 ratio (P<0.01, uncorrected). The color coding for P-values is on a logarithmic scale. Results are presented on the pial cortical surface of the brain; dark gray regions

represent sulci and light gray regions represent gyri.
Abbreviation: MCI, mild cognitive impairment.

Correlations between memory

assessments and cortical thickness

1. Babcock test: in the higher a3/a2 group, a significant
correlation was observed with thickness values within
the left middle frontal cortex (#=0.80, P=0.0001),
left inferior temporal cortex (r=0.72, P=0.0001), and right
middle frontal cortex (#=0.74, P=0.00; Figure 3).

2. AVLT immediate recall: within the higher a3/0:2 group,
a significant correlation was observed with the cortical
thickness values within the left and right precuneus
(left r=0.78, P<<0.000; right »=0.72, P=0.007), left
fusiform cortex (#=0.76, P=0.0005), inferior parietal
(r=0.74, P=0.0001), inferior temporal cortex (r=0.71,
P=0.0008), and superior temporal sulcus (r=0.85,
P<0.000). In the middle a3/02 group memory per-
formance was related with the right precuneus cortex
(r=0.75, P=0.03) and superior temporal sulcus (7=0.69,
P<0.02; Figure 4).

3. AVLT delayed recall: in the higher a3/02 group, a
significant correlation was found with cortical thickness
within the inferior parietal cortex bilaterally (left 7=0.86,

P<0.0000; right »=0.74, P=0.0005), left pericalcarine
cortex (r=0.76, P<<0.0000), the banks of the superior
temporal sulcus (#=0.81, P=0.0002), and right superior
temporal cortex (r=0.73, P=0.001; Figure 5).

SPECT

Differences in cortical perfusion between groups

Twenty-seven patients with MCI were selected for the pres-
ent study and were considered at high risk (when the o:3/02
EEG power ratio was >1.17; N=13) or at low risk (when the
o3/02 EEG power ratio was <1.17; N=14) to develop AD.
The two groups were comparable for age (P=0.56), instruction
in years (P=0.87), sex (P=0.17), ApoE genotype (P=0.15),
MMSE scores (P=0.31), and WMH load (P=0.88; Table 2).
Figure 6 demonstrates the visual rating of the SPECT images
illustrative of healthy controls and MCI at low risk and at high
risk to change over AD. ANOVA results demonstrate that the
chosen cutoff was compelling in distinguishing two different
groups: patients with high risk to develop AD showed funda-
mentally higher a.3/02 power ratio than patients with low risk
(P=0.0001). Indeed, in spite of the fact that the mean perfusion
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T
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Figure 3 Correlation results between Babcock memory test (A) and cortical thickness (B).

Note: Red color represents the brain regions with higher regional cortical thickness.

in all the chosen brain regions was comparative between all the
groups (all P>0.38), in the group with higher a:3/02 power
ratio, there was a trend toward a decreased perfusion (P=0.06).
Moreover, in patients with high risk compared with low risk
for AD, left hippocampal volumes were significantly reduced

(P=0.001). Of note, no distinctions were found for theta, betal,
beta2, and gamma EEG power (all P>0.11).

In patients with high risk of developing AD, a positive
significant correlation was found between perfusion in the
hippocampal area and theta oscillations (=0.729, P=0.005;
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Table 2 Demographic and cognitive characteristics of the SPECT subjects’ sample, disaggregated for increased levels of o.3/02

At low-risk MCI At high-risk MCI P-value

N 14 13
Age (years) (range) 69.1+7.6 (57-83) 70.6%5.5 (62-78) 0.55
Sex (females) 6 (43%) 9 (69%) 0.16
Education (years) (range) 8.2+4.3 (4-18) 7.9+45 (3-18) 0.86
MMSE score (range) 27.9+1.6 (25-30) 27.2£1.9 (24-29) 0.31
ApoE €4 genotype (carriers) 2 (29%) 5 (39%) 0.15
Left hippocampal volume (mm?) (range) 2,606+353 (1.92-3.01) 2,0731412 (1.23-2.64) 0.001
Right hippocampal volume (mm?) (range) 2,581+473 (1.54-3.15) 2,296+501 (1.58-3.08) 0.14
Wahlund total score (range) 3.58+3.29 (0.0-10.0) 3.78+2.63 (0.0-7.0) 0.88
EEG theta frequency 5.4348.9 uVv? 6.01£5.4 uv? 0.55
Memory

Babcock 9.3+2.5 9.743.1 0.87

AVLT immediate recall 40.7+3.7 40.2%11.8 0.48

AVLT delayed recall 7.9+2.1 8.112.4 0.88

Notes: Numbers denote mean + standard deviation and number (range). P denotes significance on ANOVA.
Abbreviations: ANOVA, analysis of variance; AVLT, auditory verbal learning test; EEG, electroencephalogram; MCI, mild cognitive impairment; MMSE, mini-mental state

examination; SPECT, single-photon emission computed tomography.

Figure 7), whereas it was negative in the lower o3/02 EEG
power ratio group. No significant correlations were discov-
ered between hippocampus and theta rhythm in the whole
group of patients (r=0.086, P=0.671).

Correlations between memory assessments and

regional brain perfusion

1. Babcock test: in the higher a:3/0:2 MCI group, a notewor-
thy positive correlation was found with lowered perfu-
sion values in precuneus bilaterally (7=0.63, P=0.03) and
superior temporal sulcus bilaterally (+=0.74, P=0.005).
Additionally, a positive correlation was found with hip-
pocampal decay (=0.75, P=0.001).

2. AVLT immediate recall: in the higher o.3/02 MCI group,
a correlation was found with decreased perfusion values

Control Low-risk MCI

in the caudal bank of the right temporal sulcus and middle
frontal gyrus (»=0.75, P=0.003).

3. AVLT delayed recall: in the higher a3/02 MCI group,
a correlation was found with decreased perfusion values
in the inferior parietal lobule, in particular within the
supramarginal gyrus (+=0.09, P=0.05).

Discussion

EEG and gray matter association

In this study, the relationship between an EEG marker (the
a.3/02 proportion) and cortical thickness in patients with
MCI was examined. The o3/02 proportion was chosen
because previous evidence of our group has demonstrated
that patients with MCI with larger o.3/0.2 ratio are at major
risk to develop AD."2? Qur results show that the MCI

High-risk MCI

Figure 6 SPECT visual rating.

Notes: The output shows a SPECT visual inspection of glucose-uptake metabolism in one of the 17 controls (A), the white ovals denote areas of mild-to-moderate
temporoparietal hypometabolism in one of the 14 patients with low-risk MCI (B) and in one of the |3 patients with high-risk MCI (C).
Abbreviations: MCl, mild cognitive impairment; SPECT, single-photon emission computed tomography.
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Figure 7 Pearson’s r correlations between EEG theta rhythm and hippocampal complex perfusion in patients at low risk (A) and at high risk (B) to develop AD.
Abbreviations: AD, Alzheimer’s disease; EEG, electroencephalogram; MCI, mild cognitive impairment.

group with more significant o3/a2 ratio is characterized
by a greater cortical decay than low and middle a3/a2
ratio groups, confirming earlier findings of our group.3*¢
Furthermore, greater decay is noticeable in two critical
cerebral areas: the precuneus alongside the supramarginal
gyrus (a cortical area having a place with the inferior pari-
etal lobule) in the two hemispheres.*’** Abnormal function
and structure of the precuneus have been observed earlier in
MCT>>-%? and in addition in AD,*% so that the decay from
the precuneus is recognized as a pathognomonic marker
of early AD. Of note, the precuneus and the posterior cin-
gulate, together with the medial temporal lobe, have been
perceived as especially prone to amyloid deposition in AD
neuropathology.t>-68

Association between EEG and perfusional

changes

Our results are consistent with previous logical examinations
exhibiting that cognitively impaired individuals with huge
plausibility to develop AD have decreased SPECT perfusion
in both the temporoparietal cortex and inferior parietal
lobule.>* Additionally, our results confirm perceived rela-
tionship with hippocampal decay.> This study demonstrates
a relationship between cerebral perfusion and theta rhythm.
The connection develops while considering the groups inde-
pendently. Patients with MCI who are at a diminished risk
to develop AD, demonstrating a pattern to higher cerebral
regional blood perfusion, show a decreased power of theta
EEG oscillations. In turn, in patients with MCI with higher
risk to develop AD, with a decreased cerebral blood perfu-
sion, theta power has a tendency to become more prominent.
The theta rhythm is thought to be made by the starting activity

of the septal hippocampal loop. The hippocampus displays a
depolarizing cholinergic—glutamatergic innervation starting
all through the basal forebrain, the medial septum, and in
addition the vertical limb in the diagonal band of Broca. The
synchronized depolarization of hippocampal neurons gener-
ates potentials that have a frequency of 3—10 Hz normally
distinguished as hippocampal theta rhythm.*”*® The loss of
cholinergic innervation in AD, could provoke an excitotoxic
glutamatergic activation. As a final consequence, the synaptic
failure determined by the excitotoxic mechanisms give rise
to an increase of theta oscillations.

A recent study, investigating the difference of fractional
anisotropy from healthy controls to patients with MCI and mild
AD, found a correlation between the increasing damage of sub-
cortical white matter and a progressive increase in EEG delta
and theta spectral power together with a parallel widespread
decrease in beta power. This correlation was stronger mainly
in frontal areas.* This study proposed, as an alternative theory,
that the increase in theta power could also be associated with
the white matter damage, probably due to the global slowing
of the nerve conduction speed provoked by the white matter
fiber bundle disrupture, as proposed in previous research.'

Neurophysiology and symptoms association
Recent research has exhibited that during a powerful semantic
encoding of new information, there is a desynchronization
inside the temporoparietal memory-related networks.®
The association of synchronization with morphofunctional
degeneration in AD has recently been portrayed by an
intriguing study.” The authors distinguished some hub
districts (heteromodal associative regions) with particular
vulnerability to AD pathology due to the destruction of
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inhibitory interneurons. In turn, the disinhibition determines
a hypersynchronization of brain networks. Overall, this over-
activity is excitotoxic and picks cell apoptosis and synaptic
failure. Palop and Mucke stress the position of inhibitory
interneuron brokenness inciting hypersynchronization.”"
Our results are unsurprising with these first, thereby convinc-
ing investigative tests. Plausible integrative perspective of
these different results might be as follows: 1) a more note-
worthy neuronal activity inside the hub points begins from a
brokenness of cell inhibition; 2) the subsequent dysinhibition
drives the neural framework to an oversynchronization; 3) this
oversynchronization is especially harmful in neural hub point
inclined to amyloid weight; 4) these overactivated regions
are liable to degeneration and decay; and 5) an achievable
neurophsyiologic marker of this oversynchronization is the
increase in the o3/02 proportion that we found inside these
hub point regions.”"” Interestingly, the atrophy of the precu-
neus is present together with disrupture in the supramarginal
gyrus and, to the lesser degree, the inferior parietal cortex in
the group of patients with MCI with a greater o3/02 power
ratio. A late resting state fMRI study’® found that there is a
specific pathway from the dorsal precuneus along with the
supramarginal gyrus and parietal cortex. Thus, the MCI group
with higher a3/02 power ratio could be assessed in light
of the way that an entire network is weakened rather than
detached cortical areas.” In patients with MCI with lower or
middle 03/02 EEG ratio, the cerebrovascular damage is in
all probability a reason for brain damage, given the absence
of a neurodegeneration marker.

Brain memory association

With an end goal to reject an arbitrary relationship among
EEG markers and cortical decay, the proficiency on memory
tests was explored. The memory tests were picked as a result
of their regarded higher sensibility in patients with MCI
who will convert to AD."’ Essentially, while assessing the
memory execution in general, the groups are not different.
This is likely an outcome of the MCI state in all MCI groups.
Be that as it may, when concentrating on the relationship
concerning memory general execution and a sensible funda-
mental marker, as to the cortical thickness, the MCI subgroup
with the higher o.3/02 EEG ratio, at significant risk to develop
AD, has shown an inverse correlation including memory test
general execution and the cortical thickness. This outcome
certifies that this is a different group of MCI exhibiting a clear
specificity as for both the cortical atrophy and the compared
memory execution. Similarly, no other sociodemographic or
fundamental differentiations were found in the MCI groups

that can explain the relationship assessment results. Of note,
the cortical framework encompassing precuneus and inferior
parietal cortex is significantly associated with visuospatial
limits and left hippocampal disrupture.”®® For a hypothetical
explanation, we could speculate that the memory deficits are
as a result of a weakened pathway for the semantic coding
of the visuospatial abilities during the memory encoding. In
this view, the failure of a discrete cerebral system (more than
widespread specific measures) is more skilled in perceiving
patients with MCI with prodromal AD.

Network rearrangement in AD dementia
The presence of a network disturbance in AD was affirmed
by a recent study utilizing the diffusion-weighted imaging
procedure.® The existence of a network disruption in AD
was confirmed by a recent study using the diffusion-weighted
imaging technique.®* The authors demonstrated a failure
of structural connectivity increasing from the MCI to mild
and moderate AD states, centered on entorhinal cortex and
hippocampus and propagating to the neighborhood regions.
Encoding memory states have been convincingly related to
the higher alpha band (10-13 Hz).3*% EEG and magnetoen-
cephalography studies demonstrated that a correct memory
performance, both of those in encoding and in recovery,
requires desynchronization (or power decrease) in higher
alpha oscillations.?*%°! The synchronization (or power
increase) of EEG alpha force has been related to a lack of
data transmission.””>% This theory has been asserted in an
investigative study in patients with memory deficiencies* ¢
and also through states where no mental handling (eg, slow
wave sleep or epileptic seizures) has been found.”*”*® Con-
cerning cognitive failure typical of AD, the synaptic disrup-
ture could sustain the physiological adaptability of neural
networks, hindering the tuning of mental function through
the desynchronizing mechanisms. Consequently, it may be
conjectured that the impairment from the cortical networks in
light of degenerative issue, actuating cortical atrophy, could
take an oversynchronization of the brain rhythm activity. The
encoding of a semantic data code could be harmed by the over-
synchronization state on the higher EEG alpha power avoiding
the transformation and the retrieval of episodic memory.*-1%
Of note, the discovery and assessment of a semantic cue are
important in the new diagnostic criteria for AD.'%!%7

Study limitations

There are some limitations due to the obvious explorative
nature of this study: 1) further studies are needed to confirm
our result, using larger samples and applying an appropriate
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multiple comparison correction; 2) the pattern of cortical
thickness should be investigated on the remaining EEG
frequency measures; 3) the retrospective nature of the study
prevented a direct assessment of whether patients with
increase in o.3/a2 EEG power ratio will convert to AD or
other neurodegenerative diseases; and 4) the conservative
P<0.001 used here is not necessarily sufficient, given the
number of comparisons. Regardless, given the explorative
nature of the study, it is plausible for a permissive approach
in order to avoid possibly rejecting the interesting results.
It remains clear that further studies with less permissive
statistical approach are mandatory to confirm the results.

Conclusion

Increase in EEG a3/02 synchronization was associated
with brain atrophy and lessened blood regional perfusion in
the visuospatial associative hub brain regions. In addition,
lessened local regional perfusion and cortical decay are
extensively correlated with memory loss in patients with MCI.
This EEG biomarker could be helpful for early AD dementia
diagnosis and monitoring clinical therapeutic trials.

Disclosure
The author reports no conflicts of interest in this work.
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