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Abstract
Objective: The present study evaluates the potential relationship between hippocampal atrophy and EEG brain rhythmicity, as assessed
by relative band power and alpha frequency indices in a cohort of subjects with mild cognitive impairment (MCI).
Methods: Eighty-eight subjects falling within the deﬁnition of MCI patients were enrolled. All subjects underwent EEG recording and
magnetic resonance imaging (MRI). Volumetric morphometry estimates of the hippocampal region were computed. Individual EEG frequencies were indexed by the theta/alpha transition frequency (TF) and the individual alpha frequency (IAF). The relative power was
separately computed for delta, theta, alpha1, alpha2 and alpha3 frequency bands. The MCI cohort was classiﬁed into four subgroups,
based on the mean and standard deviations of the hippocampal volume of a normal elderly control sample.
Results: The group with moderate hippocampal atrophy showed the highest increase in the theta power on frontal regions, and of the
alpha2 and alpha3 powers on frontal and temporo-parietal areas. The analysis of the individual alpha frequency markers showed that the
values for the alpha markers were highest in the group with the smallest hippocampal volume, whereas in the group with moderate hippocampal atrophy, these values were lower than in the group with severe atrophy.
Conclusions: The relationship between hippocampal atrophy and EEG activity changes in MCI subjects is not proportional to the hippocampal atrophy. Therefore, EEG markers could represent a new tool for diﬀerential diagnosis.
Signiﬁcance: The hippocampal atrophy induces diﬀerent brain synchronization/desynchronization patterns. EEG changes model the
brain activity induced by a discrete change of the hippocampal volume. The changes in the EEG rhythmicity diﬀer greatly from those
in MCI patients with subcortical vascular damage.
 2007 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
Mild cognitive impairment (MCI) is a clinical status
intermediate between elderly normal cognition and dementia. This status aﬀects a signiﬁcant part of the elderly population, and is characterized by memory complaints and
cognitive impairment, but not by dementia, on neuropsy*
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chological testing (Flicker et al., 1991; Petersen et al.,
1995, 2001). Within this borderline condition, scientiﬁc
and health organization interests rely on the demonstration
of a steep rise in the annual conversion rate from MCI to
dementia; such rise is 3–6 times higher than that observed
in normal aging (Petersen et al., 1997, 2000, 2001; Gauthier
et al., 2006; Fischer et al., 2007). This syndrome can be
divided into amnestic and non-amnestic MCI subgroups,
according to whether or not the subject has memory
impairment. Both subtypes can further be classiﬁed as
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single or multiple domains, based on the number of cognitive domains aﬀected (Hamalainen et al., 2006; Gauthier
et al., 2006). Nevertheless, MCI remains a clinically and
pathologically heterogeneous condition in need of more
extensive deﬁnition and classiﬁcation (Wahlund et al.,
2003). The hippocampus is one of the ﬁrst and most
aﬀected brain regions impacted by both Alzheimer’s disease and MCI (Arnold et al., 1991; Bobinski et al., 1995;
Price and Morris, 1999; Schonheit et al., 2004; Bennett
et al., 2004; Pennanen et al., 2005; Tapiola et al., 2006).
In mild-to-moderate Alzheimer’s disease patients, it has
been shown that hippocampal volumes are 27% smaller
than in normal elderly controls (Callen et al., 2001; Du
et al., 2001), whereas patients with MCI show a volume
reduction of 11% (Du et al., 2001; Apostolova et al.,
2006). So far, from a neuropathological point of view,
the progression of disease from early or very early MCI
to later stages seems to follow a linear course (Frisoni
et al., 2002). Nevertheless, there is some evidence from
functional (Gold et al., 2000; Della Maggiore et al., 2002;
Hamalainen et al., 2006) and biochemical studies (Lavenex
and Amaral, 2000) that the process of conversion from
non-demented to clinically evident demented state is not
so linear. Recent fMRI studies have suggested increased
medial temporal lobe (MTL) activations in MCI subjects
versus controls, during the performance of memory tasks
(Dickerson et al., 2004, 2005). Nonetheless, fMRI ﬁndings
in MCI are discrepant, as MTL hypoactivation similar to
that seen in AD patients (Pariente et al., 2005) has also
been reported (Machulda et al., 2003). Recent postmortem
data from subjects – who had been prospectively followed
and clinically characterized up to immediately before their
death – indicate that hippocampal choline acetyltransferase
levels are reduced in Alzheimer’s dementia, but in fact they
are upregulated in MCI (Lavenex and Amaral, 2000;
DeKosky et al., 2002), presumably because of reactive
upregulations of the enzyme activity in the unaﬀected hippocampal cholinergic axons. Previous EEG studies (Babiloni et al., 2000; Jelic et al., 2000, 1996; Ferreri et al.,
2003) have shown a decrease – ranging from 8 to 10.5 Hz
(low alpha) – of the alpha frequency power band in MCI
subjects, when compared to normal elderly controls (Zappoli et al., 1995; Huang et al., 2000; Jelic et al., 2000; Koenig et al., 2005; Babiloni et al., 2006a). However, a recent
study has shown an increase – ranging from 10.5 to
13 Hz (high alpha) – of the alpha frequency power band,
on the occipital region in MCI subjects, when compared
to normal elderly and AD patients (Babiloni et al.,
2006a). These somewhat contradictory ﬁndings may be
explained by the possibility that MCI subjects have diﬀerent patterns of plastic organization during the disease,
and that the activation (or hypoactivation) of diﬀerent
cerebral areas is based on various degrees of hippocampal
atrophy. If this hypothesis is true, then EEG changes of
rhythmicity have to occur non-proportionally to the hippocampal atrophy, as previously demonstrated in a study of
auditory evoked potentials (Golob et al., 2007). Moreover,
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this pattern has to be diﬀerent from subcortical vascular
MCI (Moretti et al., 2007), as well as potentially helpful
in diﬀerential diagnosis. In the present study, we tested this
hypothesis through the EEG frequency analysis. The quantitative analysis of electroencephalographic (EEG) rhythms
in resting subjects (Destexhe and Sejnowski, 1996; Suffczynski et al., 2001; Elul, 1972; Lopes da Silva et al.,
1976, 1980; Steriade and Llinas, 1988; Singer, 1993; Klimesch, 1999; Pfurtscheller and Lopes da Silva, 1999; Nunez
et al., 2001; Suﬀczynski et al., 2001; Babiloni et al.,
2006b; Prichep et al., 2006; Rossini et al., 2006; Klimesch
et al., 2007) is a low-cost but still powerful approach to
the study of elderly subjects in normal aging, MCI and
dementia (Gueguen et al., 1991; Maurer and Dierks,
1992; Leuchter et al., 1993; Schreiter-Gasser et al., 1993;
Jelic et al., 1996; Babiloni et al., 2000; Bennys et al.,
2001; Moretti et al., 2004; Rossini et al., 2006). In this
study, the relationship between EEG rhythmicity and hippocampal atrophy was assessed in a population of MCI
subjects matched for cognitive decline and cerebrovascular
damage (CVD). Within-region diﬀerences, as computed at
full-scalp region level, and two individual macroregions,
namely frontal and temporo-parietal ones, and the
between-region changes of EEG rhythmicity were also considered in the analysis. The results conﬁrm the hypothesis
that the relationship between hippocampal volume and
EEG rhythmicity is not proportional to the hippocampal
atrophy, as revealed by the analyses of both the relative
band powers and the individual alpha markers. In our
analysis, such a pattern seems to emerge because, rather
than a classiﬁcation based on clinical parameters, discrete
hippocampal volume diﬀerences (about 1 cm3) are analyzed. Moreover, changes in EEG rhythmicity are very different from those in subcortical vascular MCI.
2. Materials and methods
2.1. Subjects
Eighty-eight subjects with MCI were recruited in this
study. All experimental protocols had previously been
approved by the local Ethics Committee. Written informed
consent was obtained from all study participants or their
caregivers, according to the Code of Ethics of the World
Medical Association (Declaration of Helsinki).
2.2. Diagnostic criteria
Patients were taken from a prospective project on the natural history of MCI. The project was aimed to study the natural history of non-demented persons with apparently
primary cognitive deﬁcits, i.e., deﬁcits not due to psychic
(anxiety, depression, etc.) or physical (hypothyroidism, vit
B12 and folate deﬁciency, uncontrolled heart disease, uncontrolled diabetes, etc.) conditions. Patients were rated with a
series of standardized diagnostic and severity instruments,
including the Mini-Mental State Examination (MMSE;
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Folstein et al., 1975), the Clinical Dementia Rating Scale
(CDRS; Hughes et al., 1982), the Hachinski Ischemic Scale
(HIS; Rosen et al., 1980), the Instrumental and Basic Activities of Daily Living (IADL, BADL, Lawton and Brodie,
1969) and the Age-Related White Matter Changes Scale
(Wahlund et al., 2001). In addition, patients underwent diagnostic neuroimaging procedures (magnetic resonance imaging, MRI), and laboratory testing to rule out other causes of
cognitive impairment. These inclusion and exclusion criteria
for MCI were based on previous seminal studies (Albert
et al., 1991; Devanand et al., 1997; Flicker et al., 1991; Petersen et al., 1995, 1997, 2001; Portet et al., 2006; Geroldi et al.,
2006). Inclusion criteria of the study were all of the following:
(i) complaint by the patient, or report by a relative or the general practitioner, of memory or other cognitive disturbances;
(ii) Mini-Mental State Examination (MMSE) score of 24–
27/30, or MMSE of 28 and higher plus low performance
(score of 2–6 or higher) on the clock drawing test (Shulman,
2000); (iii) sparing of instrumental and basic activities of
daily living or functional impairment steadily due to causes
other than cognitive impairment, such as physical impairments, sensory loss, gait or balance disturbances, etc. Exclusion criteria were any one of the following: (i) patients aged
90 years and older; (ii) history of depression or juvenile-onset
psychosis; (iii) history or neurological signs of major stroke;
(iv) other psychiatric diseases, epilepsy, drug addiction, alcohol dependence; (v) use of psychoactive drugs, including acetylcholinesterase inhibitors or other drugs enhancing brain
cognitive functions; and (vi) current or previous uncontrolled or complicated systemic diseases (including diabetes
mellitus), or traumatic brain injuries. All patients underwent: (i) semi-structured interview with the patient and –
whenever possible – with another informant (usually, the
patient’s spouse or a child of the patient) by a geriatrician
or neurologist; (ii) physical and neurological examinations;
(iii) performance-based tests of physical function, gait and
balance; (iv) neuropsychological battery assessing verbal
and non-verbal memory, attention and executive functions
(Trail Making Test B-A; Clock Drawing Test; Amodio
et al., 2002; Shulman, 2000), abstract thinking (Raven matrices; Basso et al., 1987), frontal functions (Inverted Motor
Learning; Spinnler and Tognoni, 1987); language (Phonological and Semantic ﬂuency; Token test; Carlesimo et al.,
1996; Novelli et al., 1986), and apraxia and visuo-constructional abilities (Rey ﬁgure copy; Caﬀarra et al., 2002); (v)
assessment of depressive symptoms by means of the Center
for Epidemiologic Studies Depression Scale (CES-D; Radloﬀ, 1977).
2.3. EEG recordings
All recordings were obtained in the morning hours with
subjects resting comfortably. Vigilance was continuously
monitored in order to avoid drowsiness. The EEG activity
was recorded continuously from 19 sites, by using electrodes set in an elastic cap (Electro-Cap International,
Inc.) and positioned according to the 10–20 International

system (Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4,
T4, T5, P3, Pz, P4, T6, O1, O2). The ground electrode
was placed in front of Fz. The left and right mastoid served
as reference for all electrodes. The recordings were used oﬀline to re-reference the scalp recordings to common
average. Data were recorded with a band-pass ﬁlter of
0.3–70 Hz, and digitized at a sampling rate of 250 Hz
(BrainAmp, BrainProducts, Germany). Electrodes-skin
impedance was set below 5 kX. Horizontal and vertical
eye movements were detected by recording the electrooculogram (EOG). The recording was performed in subjects
with closed eyes and lasted 5 min. Longer recordings would
have reduced the variability of data; however, they would
also have increased the possibility of slowing of EEG oscillations, due to reduced vigilance and/or arousal ﬂuctuations. EEG data were analyzed and fragmented oﬀ-line in
consecutive epochs of 2 s with a frequency resolution of
0.5 Hz. The average number of epochs analyzed was 140,
and ranged from about 130 to 150. The EEG epochs with
ocular, muscular and other types of artifacts were
discarded.
2.4. Analysis of individual frequency bands
A digital FFT-based power spectrum analysis (Welch
technique, Hanning windowing function, no phase shift)
computed the power density of EEG rhythms with 0.5 Hz
frequency resolution (range, 2–40 Hz). Two anchor frequencies were selected according to literature guidelines
(Klimesch, 1999), that is, the theta/alpha transition frequency (TF) and the individual alpha frequency (IAF)
peak. The TF marks the transition frequency between theta
and alpha bands, and represents an estimate of the frequency at which the theta and alpha spectra intersect. We
computed the TF as the minimum power in the alpha frequency range, since our EEG recordings were performed at
rest. The IAF represents instead the frequency with the
maximum power peak within the extended alpha range
(5–14 Hz). TF and IAF could be clearly identiﬁed in 88
MCI subjects whose EEG data were then statistically analyzed. Based on TF and IAF, we estimated the frequency
band range for each subject, as follows: delta from TF-4
to TF-2, theta from TF-2 to TF, low alpha band (alpha1
and alpha2) from TF to IAF, and high alpha band (or
alpha3) from IAF to IAF + 2. The alpha1 and alpha2
bands were computed for each subject, as follows: alpha1
from TF to the middle point of the TF–IAF range, and
alpha2 from such middle point to the IAF peak (Moretti
et al., 2004). Finally, we computed the relative power spectra for each subject, in the frequency bands so determined.
The relative power density was computed for each frequency band as the ratio between the absolute and the
mean power spectra from 2 to 40 Hz. The relative band
power of each band was deﬁned as the mean of the relative
band power for each frequency bins within that band. In
order to disclose cortical regional diﬀerences, we computed
IAF, TF and relative power spectra on frontal and temp-
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oro-parietal regions. Fp1, Fp2, F7, F3, Fz, F4, F8 were
pooled for the frontal region; T3, T4, T5, P3, Pz, P4, T6
were pooled for the temporo-parietal area. We carried
out the same procedure as for measuring the full scalp to
evaluate alpha indices and relative power spectra for each
of the two individual cortical macroregions.
2.5. Magnetic resonance imaging (MRI) and hippocampal
atrophy evaluation
For each subject, a high-resolution sagittal T1 weighted
volumetric MR scan was acquired at the Neuroradiology
Unit of the ‘Città di Brescia’ Hospital, Brescia, by using
a 1.0 T Philips Gyroscan scanner, with a gradient echo
3D technique: TR = 20 ms, TE = 5 ms, ﬂip angle = 30,
ﬁeld of view = 220 mm, acquisition matrix 256 · 256, slice
thickness 1.3 mm. 3D images were processed through a
software developed at the McConnel Brain Imaging Centre
(Montreal Neurological Institute, McGill University, Montreal, Canada). The processing pipeline included: magnetic
ﬁeld non-uniformity correction, intensity normalization
and brain-to-brain linear registration to a standard template in the stereotaxic space (ICBM152) based on the
Talairach atlas (Collins et al., 1994). Each registered image
was visually compared to the ICBM152 template using the
software program REGISTER (McGill University, Montreal, Canada) and, when the automatic registration failed
(mainly due to high scalp brightness), a manual registration
was performed, based on 11 anatomical landmark points,
distributed over the cerebrum and the brainstem (i.e., the
most anterior point of the temporal poles, the most posterior aspect on the occipital lobe, the most anterior point on
the frontal lobe, the central sulcus, the inferior ventral
aspect of the pons-midbrain cleft, the genu and the splenium of the corpus callosum, the interthalamus adhesion
and the eyes).
The hippocampi were manually traced by a single tracer
with the software program DISPLAY (McGill University,
Montreal, Canada) on contiguous coronal 1.5-mm thick
images. The anatomical starting point was the hippocampal head when it ﬁrst appears below the amygdala, the
alveus deﬁning the superior and anterior border of the hippocampus. The ﬁmbria was included in the hippocampal
body, while the gray matter rostral to the ﬁmbria was
excluded. The hippocampal tail was traced until it was visible as an oval shape located caudally and medially to the
trigone of the lateral ventricles (Pruessner et al., 2000).
The intraclass correlation coeﬃcient for intrarater reliability was 0.95. To obtain the native hippocampal volume, the
brain with the traced region-of-interest was back-transformed from the stereotaxic to the native space. The total
intracranial volume (TIV) was computed by manually tracing the entire intracranial cavity (the lower boundary being
the foramen magnum) on 7-mm thick coronal slices, by the
use of the software DISPLAY. Native hippocampal volumes were normalized to the TIV and rescaled to the mean
total intracranial volume, according to the following for-

2719

mula: [hippocampal volume/TIV] · grand mean TIV/
1000. Left and right hippocampal volumes were pooled
to obtain a single value for the hippocampal atrophy.
In order to focus atrophy-induced changes, subjects
were subdivided into four groups based on the hippocampal volume of a normal control sample matched with the
whole MCI group for age, sex and education. In the normal group the ratio female/male was 93/46, the mean age
was 68.9 (SD ± 10.3), and the mean education was
8.9 years (SD ± 9.4). In the whole MCI group the ratio
female/male was 63/25, the mean age was 69.5
(SD ± 8.1), and the mean education was 7.6 years
(SD ± 4.1). The mean and standard deviations of the hippocampal volume, in the normal elderly population of
139 subjects, were 5.72 ± 1.1 cm3. Therefore, four groups
were obtained: the ‘no-atrophy group’, with hippocampal
volume equal or higher than the normal mean (total hippocampal volume, from 6.79 to 5.75 cm3; G1); the ‘mild-atrophy group’, with hippocampal volume within 1.5 SD below
the mean value for the normal control (total hippocampal
volume, from 5.70 to 4.70 cm3; G2); the ‘moderate-atrophy
group’, with hippocampal volume between 1.5 and 3 SD
below the mean value for the normal hippocampus (total
hippocampal volume, from 4.65 to 3.5 cm3; G3); and the
‘severe-atrophy group’, with hippocampal volume between
3 and 4.5 SD below the mean of the hippocampal volume
values for the normal control (total hippocampal volume,
from 3.4 to 2.53 cm3; G4). The rationale for the selection
of 1.5 SD was to obtain enough pathological groups based
on hippocampal volume. A SD below 1.5 could still include
a ‘normal’ population with respect to hippocampal volume.
On the other hand, a SD above 1.5 could not allow an adequate size of all study subgroups. Table 1 shows the mean
demographic and clinical values for the study groups.
Women were overrepresented almost in each group. Since
no gender-speciﬁc diﬀerences in EEG rhythms are known,
we assumed that this would not interfere with our results.
2.6. Statistical analysis
In order to avoid confounding eﬀects, each statistical
analysis of variance (ANOVA) was carried out by using
age, education, gender, MMSE score, Age-Related White
Matter Changes Scale score and cranial size as covariates.
Duncan’s test was used for post hoc comparisons. For all
statistical tests, the signiﬁcance was set to p < 0.05.
First, 3 two-way statistical analyses of variance
(ANOVA) of EEG relative power data were performed,
by using the factors of Groups (G1, G2, G3, G4) as independent variables, and the frequency band (delta, theta,
alpha1, alpha2, alpha3) as dependent variable. We performed a Box-M test for violations of ANOVA assumptions, for multiple dependent variables and covariates.
The test was not signiﬁcant (p = 0.45); this possibly being
indicative of poor statistical power of the analysis, we performed subsidiary ANOVAs with subgroups matched for
age, education, gender and MMSE for each of the 3 two-
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Table 1
Mean values ± standard error for demographic characteristics, total hippocampal volume, neuropsychological and ARWMC scores of the MCI
subgroups, based on mean and standard deviations in a normal elderly sample

Subjects (F/M)
Age
Education
MMSE
Tot hipp volume
ARWMC score

Group 1

Group 2

Group 3

Group 4

14 (10/4)
66.8 (±0.5)
9.8 (±0.5)
27 (±0.1)
6.1 (±0.02)
4.3 (±0.3)

41 (33/8)
67.4 (±0.2)
6.8 (±0.07)
27.2 (±0.04)
5.3 (±0.007)
4.4 (±0.09)

21 (12/9)
70.9 (±0.5)
6.9 (±0.1)
26.8 (±0.1)
4.4 (±0.04)
2.2 (±0.16)

12 (8/4)
75.8 (±1.0)
9.4 (±0.3)
25.4 (±0.3)
3.4 (±0.08)
3.9 (±0.2)

Group 1, no hippocampal atrophy; Group 2, mild hippocampal atrophy; Group 3, moderate hippocampal atrophy; Group 4, severe hippocampal
atrophy. F/M, female/male. Age and education are expressed in years. Hippocampal volume is expressed in cm3.

way analyses. The subjects were recruited from each previous group, without changing the selection criteria with
respect to the hippocampal volume. The number of subjects in each group was the same as within the smallest subgroup in the main analysis (G4, 12 subjects).
Any signiﬁcant diﬀerence among groups in demographic
variables, age, education, gender and MMSE score as well
as in CVD, as evaluated by the Age-Related White Matter
Changes Scale (Wahlund et al., 2001), was preliminarly
detected. Education and age showed signiﬁcant diﬀerences
among groups (p < 0.03). On the contrary, gender, MMSE
score and CVD score did not show any signiﬁcant diﬀerence. As successive step, two ANOVAs were performed
for frontal and temporo-parietal regions, respectively, to
evaluate the presence of cortical regional diﬀerences.
Furthermore, in order to assess the presence of EEG
indices that correlate speciﬁcally with the hippocampal
atrophy, statistical analyses were performed to evaluate
the speciﬁcity of the alpha1/alpha3 ratio on full scalp, frontal and temporo-parietal regions, by using also the IAF of
each considered region as a covariate. The alpha1/alpha3
ratio was chosen because of the diﬀerent behaviour of
low alpha and high alpha bands, based on hippocampal
volume.
Subsequently, we checked the possibility that there were
no diﬀerences between the two single-region analysis or, on
the contrary, this comparison could reveal signiﬁcant issues.
To this aim, a three-way ANOVA was performed with
groups as independent variable, and both EEG relative powers (delta, theta, alpha1, alpha2, alpha3) and regions (frontal
and temporo-parietal) as dependent variable.
Finally, a three-way ANOVA was performed to compare alpha frequency markers (pooled IAF and TF), in
order to reveal a possible between-region eﬀect of the hippocampal atrophy on the alpha frequency. This ANOVA
was carried out with the Group factors (G1, G2, G3, G4)
as independent variables, and the pooled value for IAF
and TF on frontal and temporo-parietal regions as dependent variables.
3. Results
Fig. 1 displays the results of the ANOVA analysis performed on the full-scalp region. These results show a signif-

icant interaction between Group and Band power
[F(12, 336) = 2.36; p < 0.007]. Duncan’s post hoc analysis
showed that the G3 group had the highest alpha2 and
alpha3 powers with statistical signiﬁcance versus all the
other groups (p < 0.05; p < 0.006, respectively). The same
trend was observed in the subsidiary ANOVA. These
results show that the relationship between hippocampal
atrophy and EEG relative powers is not proportional to
the hippocampal atrophy, and highlight that the group
with moderate hippocampal volume had a particular
EEG activity pattern, in comparison with all the other
groups.
Thus, the possibility that this particular EEG pattern
might derive from a diﬀerent expression of the EEG rhythmicity in diﬀerent cortical areas was tested. Frontal and
temporo-parietal areas were chosen because these regions
have the richest connections with the hippocampal formation. Fig. 2 displays the results of the ANOVA analysis of
the frontal region. These results show a signiﬁcant interaction between Group and Band power [F(12, 336) = 1.88);
p < 0.04]. Duncan’s post hoc test showed that the G3
group, as well as the G1 group, had the highest alpha2
and alpha3 powers, with statistical signiﬁcance with respect

Fig. 1. Statistical ANOVA interaction among Group factors, and relative
band powers (delta, theta, alpha1, alpha2, alpha3), on the full-scalp
region. The groups are based on mean and standard deviations in a
normal elderly sample. Group 1, no hippocampal atrophy; Group 2, mild
hippocampal atrophy; Group 3, moderate hippocampal atrophy; Group 4
severe hippocampal atrophy. Post hoc results are indicated in the diagram.

D.V. Moretti et al. / Clinical Neurophysiology 118 (2007) 2716–2729

Fig. 2. Statistical ANOVA interaction among Group factors, and relative
band powers (delta, theta, alpha1, alpha2, alpha3), on the frontal region.
The groups are based on mean and standard deviations in a normal elderly
sample. Group 1, no hippocampal atrophy; Group 2, mild hippocampal
atrophy; Group 3, moderate hippocampal atrophy; Group 4 severe
hippocampal atrophy. Post hoc results are indicated in the diagram.

to G2 and G4 (p < 0.05). Moreover, the delta frequency
showed a trend towards a decrease in the G3 group. Such
decrease had the lowest value of all the other groups, and
therefore became signiﬁcant with respect to the G4 group
(p < 0.04). The same trend was observed in the subsidiary
ANOVA. Fig. 3 displays the ANOVA analysis of the temporo-parietal region. The results show a signiﬁcant interaction between Group and Band power [F(12, 336) = 3.41);
p < 0.001]. Duncan’s post hoc test showed that the G3
group had the highest alpha2 and alpha3 powers, with
respect to all the other groups (p < 0.05; p < 0.0005, respectively). The same trend was observed in the subsidiary
ANOVA.
Table 2 displays the values for the alpha1/alpha3 power
ratio on full scalp, frontal and temporo-parietal regions.

Fig. 3. Statistical ANOVA interaction among Group factors, and relative
band powers (delta, theta, alpha1, alpha2, alpha3), on the temporoparietal region. The groups are based on mean and standard deviations in
a normal elderly sample. Group 1, no hippocampal atrophy; Group 2,
mild hippocampal atrophy; Group 3, moderate hippocampal atrophy;
Group 4, severe hippocampal atrophy. Post hoc results are indicated in the
diagram.
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The statistical analysis of the alpha1/alpha3 power ratio
showed a main eﬀect of group [F(3, 79) = 3.12; p < 0.04]
only on the frontal regions. Duncan’s post hoc testing
showed a signiﬁcant increase in the ratio between G4 and
G1 (p < 0.005), and G4 and G3 (p < 0.001). On full scalp
and temporo-parietal regions, no statistical signiﬁcance in
the main eﬀect of group (p = 0.4; p = 0.15, respectively)
was found.
As a last step of the analysis of the EEG relative powers,
the between-region diﬀerence was tested, by comparing the
frontal and the temporo-parietal regions. Fig. 4 displays
the between-region ANOVA analysis. The results show a
signiﬁcant interaction ‘Group · Band Power · Regions’
[F(12, 336) = 15.63); p < 0.000]. Duncan’s post hoc test
showed that the G3 group had the highest alpha2 powers
with respect to the G2 group and the G4 group, on the
frontal region (p < 0.0001) – as well as on the temporoparietal region (p < 0.0004), with respect to all the other
groups. Moreover, the G3 group showed the highest
alpha3 power with respect to all the other groups on frontal and temporo-parietal regions (p < 0.0004; p < 0.0002,
respectively). Finally, the G4 group showed the highest
delta power with respect to all the other groups on frontal
regions. These results conﬁrm the single-region analyses.
We checked whether or not the between-region analysis
could reveal other signiﬁcant diﬀerences, and particularly
in the theta frequency band, because of the strict linkage
between theta frequency generation and hippocampus.
The results showed that the theta power band signiﬁcantly
increased on the frontal versus the temporo-parietal regions
only in mild- and moderate-atrophy groups (p < 0.05). As a
control analysis to test the speciﬁcity of these results for the
theta frequency, we also checked diﬀerences in the alpha1
frequency band, where no signiﬁcant diﬀerence was found
during the single-region analysis. Also, no signiﬁcant diﬀerence was found between regions in the alpha1 frequency
band. As regards the other frequency bands, the signiﬁcant
results of the single-region analysis were conﬁrmed by the
between-region analysis. Other diﬀerences were not of
interest for this study.
Finally, given the presence of major relative power
changes in the high alpha frequency, changes of the EEG
activity with respect to the hippocampal volume, as
indexed by the individual alpha markers, were tested. The
alpha markers (IAF and TF) were pooled, and their
between-region changes were checked. The rationale for
pooling IAF and TF is that they both are indices of the
alpha frequency, and could give global information about
the dominant frequency. So, it is of scientiﬁc interest to
consider them together in order to better characterize the
alpha frequency (Moretti et al., 2007). Table 3 shows
means and standard errors for the alpha index (IAF + TF)
with respect to the four subgroups of MCI subjects. Fig. 5
displays the second ANOVA analysis. The results show a
signiﬁcant group main eﬀect [F(3, 84) = 3.15); p < 0.03].
Duncan’s post hoc analysis showed that the G4 group
had the highest values for the alpha markers, when
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Table 2
Mean values ± standard error for the alpha1/alpha3 ratio in the MCI subgroups on full scalp, frontal and temporo-parietal regions
alpha1/alpha3 ratio

Group 1

Group 2

Group 3

Group 4

Full scalp
Frontal
Temporo-parietal

0.5 (±0.02)
0.5 (±0.02)
0.4 (±0.02)

0.5 (±0.006)
0.6 (±0.006)
0.3 (±0.005)

0.4 (±0.01)
0.5 (±0.01)
0.3 (±0.009)

0.5 (±0.02)
0.7 (±0.02)
0.5 (±0.02)

The groups are based on mean and standard deviations in a normal elderly sample. Group 1, no hippocampal atrophy; Group 2, mild hippocampal
atrophy; Group 3, moderate hippocampal atrophy; Group 4, severe hippocampal atrophy.

compared to G2 and G3 (p < 0.05; p < 0.01, respectively).
As regards the G3 group, it showed the lowest value for
the alpha marker, when compared to the G1 and G4
groups (p < 0.05; p < 0.008, respectively). The G2 group
showed a trend similar to that observed in the G3 group,
with a signiﬁcant decrease in the alpha markers in comparison with the G4 group (p < 0.05).
4. Discussions
4.1. EEG and hippocampal atrophy
The main result of this work is the ﬁnding that the relationship between hippocampal volume and EEG rhythmicity is not proportional to the hippocampal atrophy, as
revealed by both the EEG relative band powers and the
analysis of the individual alpha markers. In our analysis,
such a pattern seems to emerge because discrete hippocampal volume diﬀerences (about 1 cm3) are analyzed. From a
clinical point of view, our results could explain some discrepancies found in previous studies with respect to the

Fig. 4. Statistical ANOVA interaction among Group factors, and relative
band powers (delta, theta, alpha1, alpha2, alpha3), and between regions
(frontal and temporo-parietal). The groups are based on mean and
standard deviations in a normal elderly sample. Group 1, no hippocampal
atrophy; Group 2, mild hippocampal atrophy; Group 3, moderate
hippocampal atrophy; Group 4, severe hippocampal atrophy. Post hoc
results are indicated in the diagram. The blue star indicates signiﬁcant
diﬀerences in the theta power band. (For interpretation of the references to
color in this ﬁgure legend, the reader is referred to the web version of this
paper.)

MTL activation in MCI subjects. Moreover, they suggest
that, when the clinical concept of MCI is dealt with, it
could be useful to stage the disease with hippocampal volume measurements. Importantly, some patterns of EEG
activity could be helpful in this regard.
4.2. Theta frequency
The analysis of the between-region diﬀerences shows
that the relative theta power in the mild and moderate hippocampal-atrophy groups has higher values on frontal versus temporo-parietal regions in the same groups. It is
therefore possible that, when relative band powers are
compared between regions, the diﬀerence in the theta activity may emerge in speciﬁc groups. Thus, the comparison of
the activity of diﬀerent regions is a more sensible method to
reveal new issues hidden in the ‘within-region perspective’.
This diﬀerence was speciﬁc for the theta frequency, in that
it was not detected in the alpha1 band. Our results are in
agreement with previous studies showing an increment of
the theta rhythm in MCI subjects (Rossini et al., 2006; Prichep et al., 2006). From a functional point of view, the
increase in the relative theta band power on the frontal
regions is a sign of cortical activation (Sauseng et al.,
2002), and particularly of an increase in the activity of hippocampal-medial prefrontal pathways (Tesche and Karhu,
2000; Apergis-Schoute et al., 2006; Vertes, 2006; Colom,
2006). Early studies showed an increase in a midline frontal
theta band during cognitive performance (Klimesch, 1997,
1999; Dickerson et al., 2005; Dickerson, 2006; Hamalainen
et al., 2006; Johnson, 2006), and the theta rhythm was proposed to be involved in the transfer of information between
working memory and long-term memory systems (Sauseng
et al., 2002). Moreover, an increase in the theta rhythm and
a decrease in the delta rhythm were previously demonstrated after cholinergic stimulation (Nunez and Srinivasan, 2006). An increase in the theta rhythm was also
found in vascular demented versus AD patients (Moretti
et al., 2004). In this previous work, the authors discussed
this ﬁnding as a major characteristic of the dementia secondary to vascular damage, rather than to degenerative
impairment. However, this discrepancy is only apparent,
since two types of theta rhythm exist, that is, a large, irregular, non-rhythmic activity and a rhythmic, slow activity
connected with activation (Kramis et al., 1975; Gołebiewski et al., 2002). The concomitant ﬁnding of a decrease in
the delta power (Gloor et al., 1977) in the moderate hippo-
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Table 3
Mean values ± standard error for the individual alpha index (IAF + TF) in the MCI subgroups on full scalp, frontal and temporo-parietal regions
Alpha index

Group 1

Group 2

Group 3

Group 4

Full scalp
Frontal
Temporo-parietal

15.5 (±0.2)
15.2 (±0.2)
15.4 (±0.2)

15.1 (±0.04)
15 (±0.04)
15 (±0.04)

15.3 (±0.09)
14.7 (±0.07)
15.1 (±0.08)

15.9 (±0.1)
15.5 (±0.1)
15.7 (±0.1)

The groups are based on mean and standard deviations in a normal elderly sample. Group 1, no hippocampal atrophy; Group 2, mild hippocampal
atrophy; Group 3, moderate hippocampal atrophy; Group 4, severe hippocampal atrophy.

campal-atrophy group, during the within-region analysis
(and conﬁrmed by the between-region analysis also in the
mild-atrophy group) on the frontal area, could support
the hypothesis of cortical activation based on the presence
of theta rhythm. With respect to other studies, our results
specify that the supposed compensatory activation is present when the hippocampal atrophy reaches a determined
discrete range and, from a physiological point of view,
ﬁnds expression in the ‘native language’ of the hippocampus, i.e., the theta rhythm.
4.3. Alpha frequency
4.3.1. Relative power of the alpha rhythm and hippocampal
atrophy
As regards the relative alpha band power, all the withinregion analyses, namely the analyses of full scalp, frontal
and temporo-parietal regions, show that the group with
moderate hippocampal atrophy has the highest value for
the alpha2 and alpha3 powers. The statistical diﬀerence
with respect to other groups is always signiﬁcant, except
in the frontal region, where the group without hippocampal atrophy has values for the alpha2 and alpha3 power
bands that are very similar to those for the volume in the
moderate-atrophy group. The analysis of the betweenregion diﬀerences conﬁrms these results. The increase in
the alpha power is largely accepted to be based on a state
of hyperpolarization at thalamic level (Jones, 2002; Nicolelis and Fanselow, 2002; Klimesch et al., 2006). In the moderate hippocampal-atrophy group, the spreading of the

Fig. 5. Between-region statistical ANOVA main eﬀect of Group for the
pooled individual alpha markers (TF and IAF). The groups are based on
mean and standard deviations in a normal elderly sample. Group 1, no
hippocampal atrophy; Group 2, mild hippocampal atrophy; Group 3,
moderate hippocampal atrophy; Group 4, severe hippocampal atrophy.
Post hoc results are indicated in the diagram.

synchronization of the alpha2 and alpha3 bands on a diffuse network, including frontal and temporo-parietal
regions, could be due to a progressive recruitment of diﬀerent and larger cortical areas implying the involvement of
wider corticothalamic re-entry loops, namely the loop of
the frontal-midline thalamic nuclei (O’Donnell and Grace,
1995). Interestingly, in the group without hippocampal
atrophy, a high value for the relative alpha2 and alpha3
powers (that is similar to the value for the moderate hippocampal-atrophy group) is present only on the frontal
regions. Given the normal value for the hippocampal volume in the group without atrophy, such synchronization
in frontal regions, rather than from an activation of the
corticothalamic re-entry loop, may result from the comparatively dense representation of cholinergic receptors and
ﬁbers in brainstem and proencefalic areas projecting to this
region (Saykin and Wishart, 2003; Mesulam, 2004a).
Within the alpha band, only the relative alpha2 and
alpha3 band powers showed a tuning based on the hippocampal atrophy, whereas no change was found in the relative alpha1 power. It is now well known that the alpha
frequency is not a unitary phenomenon (Klimesch, 1999).
Diﬀerent frequency bands show a very distinct type of reactivity. Lower alpha frequencies are related to general attention demands. Upper alpha frequencies show a clear
relation to higher-order processing demands (Klimesch
et al., 1994; Klimesch, 1999; Doppelmays et al., 2002;
Ramcharan et al., 2005). So, the increase in the relative
alpha2 and alpha3 powers could be due to synchronization
in associative cortical areas and/or higher-order thalamic
nuclei, where cognitive processes take place.
The alpha1 rhythm is not inﬂuenced by the hippocampal
atrophy. Previous literature showed clearly that a low
alpha power is related to the cortical-basal cholinergic tone
mainly provided by the forebrain eﬀerent projections, especially from the nucleus basalis of Meynert (Holschneider
et al., 1998; Sarter and Bruno, 1997, 1999, 2000). Therefore, our results conﬁrm that the hippocampal atrophy is
not related to a low alpha band power. Moreover, in the
MCI cohort, the structural degeneration of the nucleus
basalis is not yet severe (Mesulam et al., 2003). This could
maintain the overall level of the slowest alpha band power
across the MCI population, although functional modiﬁcations in other alpha bands may be present. The progressive
course of the degenerative atrophy of the nucleus basalis,
that is typical of AD, is very likely to lead to a decrease
in the slowest alpha band power (Moretti et al., 2004; Babiloni et al., 2006a). The diﬀerent impact of the hippocampal
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atrophy on low alpha and high alpha bands is conﬁrmed by
the alpha1/alpha3 ratio among MCI groups, for the frontal
region. Indeed, a signiﬁcant increase in the alpha1/alpha3
ratio is present from the mild to the severe hippocampalatrophy groups, due to a decrease in the relative alpha3
power. Probably because of its complex structure and close
connection with the hippocampus (Johnson, 2006), the
frontal region is more sensitive than other regions. This
could be very important from a clinical point of view,
because the frontal alpha1/alpha3 ratio could be a reliable
index of hippocampal atrophy and amnesic MCI. If conﬁrmed, it could be used for diﬀerential diagnosis.
4.3.2. Clinical relevance of alpha synchronization in MCI
subjects
From a behavioural point of view, the increase in the
alpha power has been related to a period in which a change
in the environment is expected (Nicolelis and Fanselow,
1999, 2002), or to an earlier phase of semantic encoding
(Klopp et al., 2000; Mima et al., 2001; Klimesch et al.,
2007). Recently, the ‘inhibition hypothesis’ has been proposed to explain the synchronization of the alpha rhythm
(Klimesch et al., 2007). According to this hypothesis, alpha
synchronization is involved in an active inhibition process.
In particular, the top-down inhibitory control has been
proposed to enhance the alpha power, as opposed to bottom-up processes in which the sensory stimulus must be
actively processed. The increase in alpha activity is associated with an increase in the internal control of attention
in situations where sensory information must not be processed (Von Stein et al., 2000; Cooper et al., 2003, 2006;
Wolfe and Bell, 2003; Harris, 2005). As a consequence,
alpha synchronization could inhibit the normal processing
of sensory stimuli. These conclusions have to be taken with
caution, because alpha synchronization was found on frontal regions far from sensory areas (Golob et al., 2007).
However, it could not be excluded that the prevalence of
a top-down inhibitory control mechanism enhances the
alpha power in sensory areas. On the whole, the increase
in the alpha power could suggest a general state of
‘hyper-attention’ in a particular stage of the disease, during
which top-down internal processes predominate over the
bottom-up phase, alter the attention mechanism and prevent a correct processing of sensory stimuli. Focused attention was found to be impaired in MCI patients, particularly
when they had to beneﬁt from a cue stimulus (Kemp and
Kaada, 1975; Johannsen et al., 1999; Berardi et al., 2005;
Levinoﬀ et al., 2005; Tales et al., 2005a,b).
4.3.3. Alpha frequency index: relationship with relative alpha
power and hippocampal atrophy
The diﬀerence in the alpha frequency index could support the ﬁnding of diﬀerent phases in the course of the disease. Previous works (Klimesch, 1997, 1999; Moretti et al.,
2004, 2007) showed that TF and IAF could provide information about the thalamo-cortical mechanism contributing
to the generation of the alpha rhythm. In particular, the

theta/alpha transition frequency (TF) is associated with
the axonal conduction time, whereas the individual alpha
frequency (IAF) is associated with cortico-thalamo-cortical
excitatory or inhibitory mechanisms. Moreover, these indices give information other than relative spectral power. In
fact, the low alpha frequency band (alpha1 and alpha2) is
mainly related to thalamo-cortical synchronization and
vigilance state, whereas the high alpha frequency band
(alpha3) is mainly related to corticocortical synchronization and semantic function (Klimesch, 1997, 1999; Moretti
et al., 2004, 2007). The pool of IAF and TF is considered to
be a reliable index of the dominant frequency (Klimesch,
1997, 1999; Moretti et al., 2004, 2007). A recent work (Sarnthein and Jeanmonod, 2007) has convincingly demonstrated – through simultaneous recordings of local ﬁeld
potentials from thalamic nuclei, and of the EEG from the
scalp – that a state of hyperpolarization in the thalamic
nucleus induces a slowing of the EEG dominant frequency.
The decrease in the values for the alpha frequency markers
in mild and moderate hippocampal-atrophy groups suggests a greater hyperpolarization state of the thalamo-cortical pathways than in the no-hippocampal-atrophy group,
probably due to the glutamatergic cortical excitatory activity
on thalamic nuclei (Jones, 2002). At odds, in the group with
severe hippocampal atrophy, our results show a decrease in
relative power values, but the highest values for the alpha
index. This could be due to induction of widespread depolarization throughout the brainstem ascending cholinergic projections, which mainly target the thalamus and are relatively
spared, in comparison with the nucleus basalis cholinergic
aﬀerence (Steriade and Deschenes, 1984; Selden et al.,
1998). On the whole, a complex picture emerges in which thalamic synchronization leads to a decrease in the alpha index,
and to an increase in the relative alpha power. On the contrary, thalamic desynchronization induces an increase in
the alpha index, and a decrease in the relative alpha power.
These phenomena (Figs. 6 and 7) are related to the hippocampal atrophy. The mild hippocampal-atrophy group
shows an intermediate pattern, probably due to initial hippocampal and thalamo-cortical dysfunctions (Llinas et al.,
1999; Mesulam et al., 2004b; Hamalainen et al., 2006; Klimesch et al., 2007).
4.3.4. Alpha and theta rhythm interplays in MCI subjects:
clinical signiﬁcance and implications
Taken together, our results show that, in a particular
phase of the hippocampal degeneration in MCI, there is
an increased activation of the hippocampus that triggers
(or is associated with) a corticothalamic re-entry activity;
which leads to the prevalence of a cortical top-down inhibitory control process, and generates a kind of ‘hyperattentive state’. In the initial phase of this activity (i.e., in the
mild-atrophy hippocampal stage), the increase in theta
oscillations is not yet able to trigger a corticothalamic
activity, which starts in the subsequent state (i.e., in the
moderate-atrophy hippocampal stage). This particular
state could be useful for maintaining a relatively spared
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Fig. 6. Schematic diagrams of the possible structures involved in the
thalamo-cortical arrhythmia in groups without hippocampal atrophy and
with mild hippocampal atrophy. The EEG changes in the mild hippocampal-atrophy group are probably due to a prevalent depolarizing eﬀect
of the brainstem cholinergic system on the thalamus, because of initial
neuronal loss in the cholinergic basal forebrain. On the other hand, the
initial hippocampal atrophy gives rise to an increase in the theta activity,
but it is not able to trigger thalamo-cortical synchronization activity (See
the text for details). mPFC, medial prefrontal cortex; thalamus RE,
nucleus reuniens of the thalamus. Black thick arrow, excitatory activity;
blue arrow, synchronization eﬀect; red arrow, desynchronization eﬀect.
(For interpretation of the references to color in this ﬁgure legend, the
reader is referred to the web version of this paper.)

global cognitive performance, whereas it could fail when a
detailed analysis of a sensory stimulus is required. This
‘hyperattentive’ state could represent the attempt to recollect memory and/or spatial traces from the hippocampus,
and to combine them within associative areas connected
with the hippocampus itself. The bioelectrical signature
of this eﬀort is represented by the interplay between theta
and alpha rhythms (Sauseng et al., 2002). Our ﬁndings conﬁrm previous literature. Indeed, an increased pattern of
activation in hippocampus (Dickerson et al., 2005; Dickerson, 2006), as well as in posterior regions (Hamalainen
et al., 2006), were previously described in MCI subjects
during encoding tasks. In these studies, the MCI subjects
also showed an increased fMRI response, in comparison
with both normal control and AD subjects. Interestingly,
this increased activation was related to a normal cognitive
performance. Nonetheless, attention as well as visuo-spatial and memory deﬁcits were described in MCI subjects
(Miller, 1991; Levinoﬀ et al., 2005; Tales et al., 2005a,b).
It has been suggested that the exchange of information
between working memory system and long-term system is
reﬂected by the interplay between theta and alpha oscillations (Sauseng et al., 2002). The theta-driven upper alpha
synchronization permits information recollection from
the long-term storage, under the ‘guide’ of the short-term
memory. Our results conﬁrm that, once the hippocampal
atrophy has reached a critical point, the theta–alpha interplay could become the default mode of the brain. This state
is absent in other MCI subgroups. However, the increase in
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Fig. 7. Schematic diagrams of the possible structures involved in the
thalamo-cortical arrhythmia in groups with moderate and severe hippocampal atrophy. The progressive hippocampal atrophy, as in the moderate
hippocampal-atrophy group, triggers thalamo-cortical synchronization,
with increase in the alpha power band. This is likely to happen because the
return pathway from the cortex to the hippocampus is not direct, but it
mainly relays to the midline and mediodorsal thalamic nuclei. The
decrease in the values for the alpha frequency markers in the moderate
hippocampal-atrophy group also suggests a greater hyperpolarization
state of thalamo-cortical pathways. As the hippocampal atrophy progresses, like in the group with severe hippocampal atrophy, the thalamocortical activity is sustained not by cortical activation, but by the
prevailing cholinergic desynchronizing activity of the brainstem, with a
decrease in the relative alpha power but the highest values for the alpha
indices (See text for details). mPFC, medial prefrontal cortex; thalamus
RE, nucleus reuniens of the thalamus. Black thick arrow, excitatory
activity; blue arrow, synchronization eﬀect; red arrow, desynchronization
eﬀect. (For interpretation of the references to color in this ﬁgure legend,
the reader is referred to the web version of this paper.)

the theta activity on the frontal region, such as has been
observed also in the group with mild hippocampal atrophy,
shows an initial phase of the process that fully develops in a
subsequent stage. On the whole, it could be argued that, in
diﬀerent phases, bottom-up processes predominate over –
or are in equilibrium with – the top-down activity, with
alternating pattern of EEG rhythmicity.
4.4. The role of age
In our study, the results show that age factor diﬀered
signiﬁcantly among groups. So, the inﬂuence of age on
results and, above all, on pathological neurodegenerative
mechanisms was indeed a problem. Increased recruitment
of frontal cortical areas was detected in elderly healthy subjects (Cabeza et al., 2004; Logan et al., 2002; Park et al.,
2003) during memory tasks. Moreover, age-related increase
in the activation of frontal cortices and hippocampus, and
decreased activity in fusiform gyrus have recently been
detected in normal elderly subjects (Grady et al., 2006).
This suggests that MCI subjects may present both agingrelated changes and alterations related to AD-type pathology (Sarter and Bruno, 2004; Rossini et al., 2007).
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However, a large body of evidence demonstrates that, during memory tasks, in MCI subjects a greater cortical activation occurs than in normal elderly subjects (Dickerson
et al., 2005). In a recent study, auditory cortical activity
not only has been shown to increase in normal elderly subjects, but it increases even more in MCI subjects whose
impairment turns into dementia (Golob et al., 2007).
Age-related mechanisms have been related to a low-frequency shift in the EEG spectrum, and to a reduction of
complexity of large-scale brain systems (Wink et al.,
2006). Our results conﬁrm that MCI could show an agerelated pattern, but not in all phases of the disease. These
results were further conﬁrmed when a subsidiary analysis
was conducted in age-matched groups. On the whole, in
the present study some previous clinical outcomes were conﬁrmed, and it was pointed out that taking into account which
stage the hippocampal atrophy is at could be helpful in understanding some clinical manifestations of the MCI condition.
4.4.1. Diﬀerences between EEG hallmarks in hippocampal
damage and CVD: tools for diﬀerential diagnosis?
The diﬀerences in pathophysiological mechanisms, and
related EEG changes, between hippocampal atrophy and
CVD are an interesting clinical issue. A recent study (Moretti et al., 2007) has found main EEG hallmarks of CVD in
MCI subjects, as follows: (1) EEG changes are proportional to CVD; (2) the theta power band is not inﬂuenced
by CVD; (3) the alpha3 band is not inﬂuenced by CVD;
(4) the alpha1 band is inﬂuenced by CVD; (5) an increase
in the theta/alpha1 ratio, and a decrease in the alpha2/
alpha3 ratio, are indicative of CVD. In this study of the
hippocampal atrophy, results are very diﬀerent: (1) EEG
changes are not proportional to the hippocampal atrophy;
(2) the frontal theta band is inﬂuenced by the hippocampal
atrophy (2) the alpha3 band is strongly inﬂuenced by the
hippocampal atrophy; (3) the alpha1 band is not inﬂuenced
by the hippocampal atrophy; (4) the increase in the alpha1/
alpha3 power band ratio on the frontal region is the sole
signiﬁcant and indicative ratio for the hippocampal atrophy. If conﬁrmed, these results could be helpful in diﬀerential diagnosis, or in understanding the dominant
pathological mechanism underlying the mixed forms of
MCI.
5. Conclusions
EEG-rhythm changes are not proportional to the hippocampal atrophy in MCI subjects. EEG measurements and
hippocampal atrophy markers could be helpful in detecting
diﬀerent stages of the clinical picture of MCI. Finally, EEG
changes associated with hippocampal atrophy are very different from those associated with CVD.
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