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Abstract
The mechanisms behind Alzheimer’s disease are not yet fully described, and changes in the electrophysiology of patients across
the continuum of the disease could help to understand them. In this work, we study the power spectral distribution of a set of
129 individuals from the Connectomics of Brian Aging and Dementia project.

From this sample, we acquired task-free data, with eyes closed, and estimated the power spectral distribution in source space.
We compared the spectral profiles of three groups of individuals: 70 healthy controls, 27 patients with amnestic MCI, and 32
individuals showing cognitive impairment without subjective complaints (IWOC).

The results showed a slowing of the brain activity in the aMCI patients, when compared to both the healthy controls and the
IWOC individuals. These differences appeared both as a decrease in power for high frequency oscillations and an increase in
power in alpha oscillations. The slowing of the spectrum was significant mainly in parietal and medial frontal areas.

We were able to validate the slowing of the brain activity in individuals with aMCI, appearing in our sample in areas related to
the default mode network. However, this pattern did not appear in the IWOC individuals, suggesting that their condition is not
part of the AD continuum. This work raises interesting questions about this group of individuals, and the underlying brain mech-
anisms behind their cognitive impairment.
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Introduction

Although Alzheimer’s disease (AD) is one of the most common
causes of disability in older adults in developed countries1 and
the most common cause of dementia,2 the mechanism behind
the disease is still being identified. While the deposition of
beta-amyloid plaques in the extracellular space and the forma-
tion of phosphorylated tau aggregates inside the neurons are
considered evidence of the disease,3 it is unknown whether
they are its cause or a mere byproduct of the pathology. The
fact that these deposits appear years before the first symptoms4

indicates that Alzheimer’s disease starts well before
AD-dementia.

The prodromal stage of AD, usually termed amnestic mild
cognitive impairment (aMCI),5 has received broad attention
during the last decades.6 In this stage the brain activity is
already impaired, but this situation might still be reversed7.
Classical identification of aMCI patients is based on neuropsy-
chological screening, and the aMCI due to AD classification
requires some of the aforementioned AD-related biomarkers.5
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Recently, some neurophysiological markers also have been
identified in aMCI patients8; specifically, the brain oscillations
measured both using electro- (EEG)9 and magnetoencephalogra-
phy (MEG)10 are presented by a decrease in the high-frequency
oscillations (usually beta and gamma), accompanied by an
increase in low-frequency oscillations (usually in the theta range).

Here we analyze MEG data from the NIH-funded
Connectomics of Brain Aging and Dementia subproject of the
Human Connectome Project (HCP). The study aims to
undergo a multimodal assessment of the relationship of brain
structure and function with healthy and pathological aging,
with a special focus in the AD continuum.11 The recruited
sample consisted of older adults with and without cognitive
impairment. During the recruiting stage we were able to iden-
tify an interesting subgroup of individuals who had cognitive
impairment, according to the neuropsychological evaluation,
but did not experience a subjective feeling of such an impair-
ment. We termed this subgroup as impaired without complaints
(IWOC) individuals.

The objectives of this work are twofold. First, we aim to val-
idate whether our aMCI patients follow the aforementioned
model, showing a slowing in the brain oscillations. Second,
we aim to characterize the IWOC individuals according to
this metric, in order to determine whether they show a typical
aMCI profile. We hypothesize that the IWOC will show a
brain activity similar to that of aMCI because their objective
cognitive profiles were similar. Therefore, we anticipate that
the lack of subjective cognitive decline in this population will
not have a significant imprint in the spectral activity profile.

Materials and Methods

Participants

The sample used in this study was recruited at the University of
Pittsburgh under the framework of the Connectomics of Brain
Aging and Dementia project. From the 187 participants who
provided task-free MEG data, we selected those who had a
complete set of data (containing both MEG and T1-weighted
MRI for source reconstruction). We also discarded those partic-
ipants who had poor quality of signal (32, mostly due to mag-
netic noise due to dental implants), or those with incorrect
positioning inside the MEG scanner (3). Last, we discarded
those participants not falling into the three groups of interest
of the study (10 individuals classified as non-amnestic MCI
or AD and 12 participants who reported subjective cognitive
decline but did not show cognitive impairment).

From the remaining sample we defined three groups: healthy
older adults, comprised of 70 individuals (45 females and 25
males, age 66.0± 8.5, media± standard deviation); amnestic
MCI, with 27 individuals (20 females and 7 males, age 66.4
± 10.4); and participants with cognitive impairment, but
without subjective cognitive complaints, with 32 individuals
(18 females and 14 males, age 60.2± 8.5). Table 1 shows a
summary of the participants’ demographic information.

Cognitive Evaluation

The participants were classified by the ADRC criteria12 based
on the results of a battery of neuropsychological tests that

Table 1. Demographic Description of the Sample Included in This Work.

Control IWOC MCI
Statistical comparisons

Sample size 69 32 27 HC IWOC HC MCI IWOC MCI

Age 66.0± 8.5 60.2± 8.5 66.4± 10.4 # n.s. ‡

Sex (F/M) 45/25 18/14 20/7 n.s. n.s. n.s.
Race (A/B/W) 3/27/40 0/27/5 0/14/13 ## n.s. ‡

Education years 16.1± 2.9 13.0± 2.9 14.6± 2.6 ## • ‡

MoCA 26.6± 2.1 23.6± 2.9 22.7± 2.5 ## •• n.s.
PROMIS (abilities) 31.6± 6.1 33.1± 6.0 26.0± 7.5 ## n.s. ‡‡

PROMIS (concerns) 15.5± 6.5 12.4± 4.6 20.9± 7.4 # • ‡‡

Word recall
(delayed)

7.9± 1.5 5.6± 1.9 4.8± 1.7 ## •• n.s.

Rey figure
(immediate)

18.6± 3.2 14.6± 4.2 14.3± 4.2 ## •• n.s.

BNT (spontaneous) 28.1± 2.1 25.5± 2.9 24.9± 3.4 ## •• n.s.
TMT B (time) 62.8± 23.4 90.9± 50.2 96.8± 40.5 ## •• n.s.

F/M Stands for Females/Males. A/B/W Stands for Asians/Blacks/Whites. MoCA Stands for Scores According to the Montreal Cognitive Assessment. PROMIS
Stands for Patient-Reported Outcomes Measurement Information System. TMT Stands for Trail Making Test. All Scores (Excluding sex and Race) are Provided as
Mean± Standard Deviation. Statistical Comparisons are Based on a Pairwise Independent Samples t-Test (age, Education Years and Neuropsychological Tests) or a
Pairwise Fisher’s Exact Test (sex and Race). The Significance Levels are Described as Follow: #: Significant Difference (p < 0.05) for the Comparison Between
Control and IWOC Groups; ##: Significant Difference (p < 0.001) for the Comparison Between Control and IWOC Groups; •: Significant Difference (p < 0.05)
for the Comparison Between Control and MCI Groups; ••: Significant Difference (p < 0.001) for the Comparison Between Control and MCI Groups; ‡: Significant
Difference (p < 0.05) for the Comparison Between IWOC and MCI Groups; ‡‡: Significant Difference (p < 0.001) for the Comparison Between IWOC and MCI
Groups; n.s.: non-Significant for the Corresponding Comparison.
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included: global cognitive status measured with the Montreal
cognitive assessment (MoCA)13; confrontation naming mea-
sured with the Boston Naming Test14; verbal free recall mea-
sured with the CERAD word list memory test15,16; planning
measured with the Trail Making Test A and B17; and visuospa-
tial construction and visual memory measured with a 24-point
modified Rey-Osterreith complex figure.18 Participant’s classi-
fication was made independently by JTB and BES, and any dif-
ferences were resolved in a group discussion.

Participants also completed individual tests and questionnaires
including items from the NIH Toolbox,19 the PROMIS applied
cognition scales,20 and several paper and pencil questionnaires
(a brief summary of some relevant measurements are shown in
Table 1) covering symptomatology, personality, diet, and exercise.

Brain Imaging Data

We acquired functional brain imaging data using a whole-head
Elekta Neuromag MEG system with 306 independent channels
(102 magnetometers and 204 planar gradiometers) located
inside a magnetically shielded room in the UPMC Brain
Mapping Center (Pittsburgh, PA). Before data acquisition, we pre-
pared the participants by placing two sets of bipolar electrodes
around their eyes, aimed to capture eye movements and blinks,
and another pair of bipolar electrodes across their chest, in order
to capture heart-related activity. We also placed 4 head position
indication (HPI) coils on the head of the participants, to allow
for continuous on-line head position monitoring. Finally, we
recorded the position of three anatomical landmarks (nasion and
both preauricular points) and the four HPI coils, together with
around 100 points distributed across the head surface, using an
FASTRAK 3D digitizer (Polhemus, Inc., Colchester VT).

We recorded a minimum of 5 minutes of task-free (resting
state) data from each participant while having their eyes
closed, using a sampling rate of 1000 Hz and an anti-alias
filter between 0.1 and 330 Hz. After acquisition, we used the
temporal extension of the signal space separation (tSSS) algo-
rithm,21 as provided by MaxFilter 2.2 software, to remove
external noise and compensate for head movements during
the recording (window length of 10 s, correlation limit of
0.90). We removed ocular and cardiac activity, together with
identified noises using independent component analysis by
means of SOBI,22 and marked the remaining artifacts using
FieldTrip toolbox.23 The resulting clean data were organized
in non-overlapping epochs of 4 seconds of artifact free brain
activity, resulting between 120 and 240 epochs per participant.
The final number of trials did not differ between groups.
Finally, as MEG data is highly redundant after tSSS,24 we dis-
carded the data from the gradiometers and continued the anal-
ysis using only that from the 102 magnetometers.

Source Reconstruction

We analyzed MEG data in source space using the individual
anatomical information of the patient to build the conduction

model. For that, we used the T1-weighted MRI from each partic-
ipant, and segmented this image into the different tissues in the
head (gray and white matter, cerebrospinal fluid, soft tissue,
and bone) using the unified segmentation algorithm25 as pro-
vided in SPM12.26 From this segmented volume we created
two surfaces: one from the union of the white matter, gray
matter, and cerebrospinal fluid, namely the brain of the partici-
pant, and defining the inner skull cavity; and other defining the
scalp of the participant. The scalp surface was used, in conjunc-
tion with the head shape digitized for MEG acquisition, to realign
the MRI into the coordinate system of the MEG scan. The inner
skull surface was used to build a realistic conducting head model
using a single shell and a modified spherical solution.27

We defined a homogenous source model in MNI space,
using a three-dimensional grid with 1 cm of spacing. The
sources were labeled according to the Automated Anatomical
Labelling,28 and only those source positions falling into a cortical
region were retained, resulting in a source model of 1210 source
positions. This head model was linearly transformed into the par-
ticipant’s MRI space using SPM12, and then into MEG space.
Finally, we combined the source model, the head model, and
the sensor positions and orientations to solve the forward
problem and generate a lead field representing the forward model.

For the inverse model we used a spatial filter approach based
on linearly constrained, minimum variance beamformers.29 For
that, we used the trial-averaged covariance matrix of the data
filtered between 2 and 45 Hz, and a Tikhonov regularization
with 5% of the average sensor power. These parameters
where selected to try and mimic previous analyses by the
group.30–32

Spectral Analysis

We calculated the characteristic spectra in source space using
an average periodogram approach. First, for each source posi-
tion, we calculated the Fourier transform of the data, separately
for each of the three dipole orientations, for each 4-second
epoch, and using a discrete prolate spheroidal sequence taper
with 0.5 Hz smoothing, as implemented in FieldTrip toolbox.
Then, we calculated the epoch spectra by taking the absolute
value of each tapered spectra and averaging them. Last, we nor-
malized the spectrum for each position by the total spectral
power between 2 and 45 Hz, obtaining the relative spectral
power distribution for each source position and participant.

Statistical Analysis

In order to minimize the constraints introduced into the data, the
statistical analyses were based on a nonparametric cluster-based
permutation test (CBPT).33 We performed a separate statistical
test for each source position and frequency bin, and clustered
the significant results using spatial and frequency contiguity.
Then, the results are corrected simultaneously for multiple com-
parisons and violations of normality by comparing the cluster
with a set of random partitions of the data. The clusters resulting
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from this analysis can appear in any frequency and brain region
and are guaranteed to be statistically significant.

We based the statistical analyses in an ANOVA contrast.
When required, the post-hoc analyses were performed using
Tukey’s honestly significant difference (HSD) test over the ele-
ments (source positions and frequencies) pertaining to the sig-
nificant cluster.

Results

Broadband Exploration

The first comparison was completely model-free, contrasting
the relative power distribution of the three groups. The analysis
was performed separately for each of the 1210 source positions
and each frequency bin, and then corrected for both multiple
comparisons and violations of normality using a CBPT. The
results, depicted in Supplementary Figure 1, show a large sig-
nificant cluster (p= 0.0275) covering the frequency range
between 15 and 45 Hz, and a large portion of the brain,
mainly parietal, medial frontal, and right temporal areas.

The post-hoc analyses in this cluster showed that the aMCI
group was different both from the Control group and, more inter-
estingly, the IWOC group. The comparison between the Control
and IWOC groups found that only 2% of the members of the
cluster (this is, combinations of source position and frequency
bins) were significant, which is well within what would be
expected by chance. The comparison between the Control
group and the aMCI group showed that 52% of the members
of the cluster showed a significantly lower power in the aMCI
individuals, with a spatial distribution depicted in Figure 1a
and comprising mainly parietal and right temporal areas. Last,
the comparison between the IWOC and aMCI groups showed
that 66% of the members of the cluster showed significantly
lower power in the aMCI group, with a distribution similar to
that of the previous comparison and depicted in Figure 1b and
mainly comprising medial frontal and right temporal areas.
Given the large range of frequencies spanned by the cluster,
we provide a more detailed description of its spatial distribution
at different frequencies in Supplementary Figure 2. In summary,
aMCI individuals show significantly overall lower relative power
in high beta and gamma bands when compared to both healthy
older adults and IWOC individuals.

The individuals in the IWOC group were significantly
younger than those in the rest of the groups, so we then ana-
lyzed the effect of age on our results. We found no correlation
between age and the power each band band (p > 0.1), and when
age was introduced into an ANCOVA model with group, the
age was unrelated to power (p > 0.1), while the effect of
group remained significant (p= 0.0030).

Alpha Band Exploration

Following several previous studies in patients with aMCI 9 we
decided to complete the description of our sample by analyzing

the total relative power in the alpha band. For that, we calcu-
lated the total relative power between 8 and 12 Hz and per-
formed an analysis similar to that described above, but
considering only spatial contiguity. The results are shown in
Supplementary Figure 3 and show a significant cluster (p=
0.0258) covering parietal and frontal regions.

The post-hoc analysis of this cluster showed that the aMCI
individuals were different from both the healthy controls and
the IWOC individuals. The comparison between healthy older
adults and IWOC individuals found no significant differences
between these groups. The comparison between the Control
and aMCI groups showed a higher relative alpha power in the
aMCI group in the regions depicted in Figure 2a, mainly pari-
etal and medial frontal areas. Last, the comparison between the
IWOC and aMCI groups showed a higher relative alpha power
in the aMCI individuals, in regions similar to those found in the
previous comparison, as can be observed in Figure 2b. In
summary, the aMCI individuals show a higher relative alpha
power in parietal and frontal areas when compared to both
healthy older adults and IWOC individuals.

Similarly to the previous analysis, we tested the effect of age
on our results. Again, we found no correlation between age and
the power in alpha band (p > 0.1), and age was not a significant
factor in the ANCOVA model (p > 0.1), while the effect of
group remained significant (p= 0.0162).

Discussion

The purpose of this study was to evaluate the power spectrum
distribution of individuals recruited from within the
Connectomics of Brain Aging and Dementia project who
were at different stages of the AD-continuum. First, we
wanted to validate the slowing of the spectrum phenomenon
(ie, shifting towards the left) in aMCI individuals, when com-
pared to healthy older adults. Secondly, we wanted to evaluate
the spectral characteristics of the individuals showing objective
cognitive impairment in the absence of subjective complaints in
order to fit these individuals into the AD biomarker continuum.

Comparison of Healthy Older Adults and aMCI Patients

Regarding the comparison between healthy older adults and
aMCI patients, we were able to successfully replicate the
slowing of the spectrum found in previous works in patients
in the dementia continuum.34,35 Nevertheless, in contrast to
the literature our results showed that the power shifted from
high beta and gamma bands towards the alpha band, and not
the theta band, as usually reported.9,10 However, it is important
to note that our sample, while fulfilling the criteria for aMCI,
was younger, with an average age of 66 years, than is usually
reported in studies of this kind (ie, 70 years old). The healthy
aging process has also been described in terms of power spec-
tral density as a process of slowing of brain oscillations,36 and
therefore the younger age of our sample could be the reason to
this discrepancy.
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The differences between healthy older adults and aMCI
patients were distributed across all the brain regions but were
most prominent in the posterior cingulate, bilateral parietal cor-
tices, and anterior cingulate. These areas have been extensively
described as part of the default mode network,37 a set of brain
areas whose functional connectivity has been found to be
reduced in MCI and AD patients.38 This reduction of functional
connectivity has been largely described using functional MRI
and has given rise to the hypothesis of disconnection in
AD.39 Interestingly, functional connectivity, as measured with
functional MRI, is closely linked to the beta band.40 In his

work, O’Neill and colleagues made use of amplitude envelope
correlations, a connectivity metric tightly linked to power spec-
tral density modulations, which could make our findings
(power decrease in high beta band) consistent with theirs.
However, the current study focuses on the distribution of
power across the frequency spectrum, and inferring functional
connectivity effects from them could be somewhat tenuous
and should therefore be treated as a tentative interpretation.
Interestingly, our findings involve several regions, such as the
cingulate cortex and the hippocampus, connected by the diago-
nal band of Broca, a set of fibers known to be mainly formed by

Figure 1. Significant results for the pairwise comparisons in relative power taking into account only the cluster obtained for the ANOVA
comparison. a) Results for the comparisons between healthy older adults and MCI patients. b) Results for the comparison between IWOC
individuals and MCI patients. The color represents the average t-value, for each source position, in all the significant frequency bins pertaining to
the cluster. In both cases red colors indicate higher relative power levels in the MCI patients, and blue colors indicate lower relative power
levels in the MCI patients. The results are corrected using Tukey’s honestly significant difference. The figure only shows those source positions
significant for at least 20% of the frequencies in the cluster (15 to 45 Hz).

Figure 2. Significant results found in the pairwise comparisons in relative alpha power taking into account only the cluster obtained for the
ANOVA. a) Results for the comparisons between healthy older adults and MCI patients. b) Results for the comparison between IWOC
individuals and MCI patients. The color represents the t-value for each significant source position. In both cases red colors indicate higher
relative alpha power levels in the MCI patients, and blue colors indicate lower relative alpha power levels in the MCI patients. The results are
corrected using Tukey’s honestly significant difference.
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cholinergic neurons.41,42 Previous studies have reported a sig-
nificant deterioration of this tissue even in the earliest stages
of the disease,43 which would argue in favor of the interpreta-
tion of our findings in relation to early AD pathology.

This slowing effect was evident both in the reduction of the
high-frequency and the increase in lower frequencies power (ie,
alpha range), supporting the idea of a shifting towards the left in
brain oscillations. Nevertheless, it is important to remember
that, when using relative power, the frequency bands are not
independent, and an increase in the power of one band must
be accompanied by a decrease in power in another one. With
this in mind, the results could be equally explained by an
overall slowing of the brain activity, a single decrease in high-
frequency oscillations, or a single increase in alpha oscillations.
As all three scenarios draw a picture where the balance of high
and low frequency oscillations shifts towards the slow oscilla-
tions, we favor the use of “slowing” to describe the phenome-
non in agreement with previous literature.44–47

Characterization of the IWOC Population

In contrast to the previous comparison, the results found when
trying to characterize the IWOC population in the AD contin-
uum did not conform to what we initially hypothesized.
While controls and aMCI patients showed differences similar
to those already reported in the literature, the IWOC individuals
were virtually indistinguishable from the healthy older adults,
and significantly different from the aMCI patients. This
forces us to reject our original hypothesis, this is, that the
IWOC individuals are just aMCI patients without a subjective
feeling of cognitive decline. In fact, our results suggest that
these individuals are not part of the AD continuum, at least
when considering their power spectral density alone, which is
a well-known neurophysiological hallmark alteration of early
AD.48 Other AD-related alterations could present in these indi-
viduals, but its exploration escapes the scope of this work.

However, some considerations must be taken into account.
First, a recent paper using this cohort11 reported that the
IWOC group had a near absence of Aβ accumulation. Even
though participants in both studies were part of the same
group their exact composition were not identical. Thus, we
cannot rule out that IWOC participants were not on the AD
pathology spectrum, and that with their younger age, the
amyloid cascade was not yet well developed.

Second, the racial profile of the IWOC individuals is unbal-
anced when compared to the other two groups. Moreover, and
considering their age range, it is likely to assume that these par-
ticipants are mainly direct descendants from a generation of
black people migrating from the rural USA environments to
northern cities around the 1950s and 60s. Racism is a social
and not biological construct that affects the positive (eg, educa-
tion, access to health care) and negative social determinants of
health (eg, poverty, social isolation) may result in a different
structural and functional brain integrity.

In summary, the similarity between the IWOC individuals
and the healthy older adults and the pattern of difference
between this group and the aMCI patients could be drawing
several different scenarios. One possibility is that the IWOC
individuals are cognitively healthy individuals with naturally
occurring low neuropsychological scores. This possibility is
supported by the fact that their perceived cognitive status is
normal, with subjective ratings even above those of the
healthy older adults, both in their subjective cognitive per-
ceived decline and abilities. In this case, the diagnosis proce-
dure would be misclassifying as impaired a cognitively
normal individual. A second interpretation of our findings
would be that the cognitive impairment exists not as part of
the AD continuum, but as part of a completely different
disease. In this case, the lack of subjective cognitive deteriora-
tion could be a symptom of the disease and should be used to
avoid misdiagnoses. The presence of subjective cognitive dete-
rioration in MCI is a topic that been debated for a long time in
AD literature, giving rise to numerous and polarized positions.
Views range from those arguing that it should be considered a
mandatory criterion to establish an aMCI diagnosis,49 to that
putting up that this subjective manifestation may result
unnecessary, or even misleading, when taken into consideration
for the diagnosis.50 Our results seem to support the former inter-
pretation, at least from an electrophysiological perspective,
since IWOC did not show the typical spectral alterations that
have been described for a long period of time both in AD and
preclinical stages.

Limitations of This Work

While the results of this work are statistically sound, some
issues must be pointed out. Firstly, the sample size is similar
to that of other MEG studies, but might be insufficient to
notice subtle effects, as could be the case of those existing
between healthy controls and IWOC individuals. In addition,
the sample size is unbalanced, and this is known to be a
problem when using Tukey’s HSD correction. We decided to
use all the individuals in our sample to maximize the statistical
power of the work, but future efforts should be made to address
it and to achieve homogeneous sample sizes for all the groups
of interest. Also considering sample size, the reduced number
of participants without cognitive impairment but manifesting
subjective complaints recruited in this study did not allow us
to include this interesting group in the comparison. Last, we
cannot guarantee that the aforementioned racial bias does not
make a contribution to our results, since racial influence on
AD has been largely ignored in the literature. There is a clear
disproportion of black participants in the IWOC sample com-
pared to both the healthy controls and the aMCI patients.
Future works should explicitly address racial contribution in
this field in order to correctly and homogeneously represent
the population. Nevertheless, this can prove challenging; the
later report addressing the issue51 has shown that, even when
researchers actively look for unbiased samples, black
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individuals are less likely to participate in scientific research
than white individuals, mainly due to doubts about being
treated fairly (22%, for 3% in white individuals) or due to
general distrust in medical research (24%, for 10% in white
individuals). A positive action must be taken to bring scientific
research closer to minorities, maybe through science communi-
cation programs addressed to these population.

Conclusions

We were able to replicate the largely described slowing of the
brain oscillations in the aMCI sample recruited in the frame-
work of the Connectomics of Brain Ageing and Dementia
project. Nevertheless, when we tried to evaluate the spectral
profile of the IWOC individuals using the same approach we
failed to find any difference between the power spectral distri-
bution of this group when compared with the controls.
Moreover, the IWOC group was significantly different from
the aMCI group in regions very close to those found in the com-
parison between aMCI patients and healthy controls. Two
reasons could explain these findings: firstly, the IWOC individ-
uals could be a population outside of the AD continuum, and
their impairment could have a completely different origin; sec-
ondly, the characteristic MCI profile found in the majority of
the studies could be specific to the MCI patients with subjective
complaints, and therefore fails in these individuals. This dichot-
omy can only be solved by a careful follow up of the IWOC
individuals in order to monitor if they evolve inside the AD
continuum or follow a different trajectory.

Acknowledgments

This research and the preparation of this manuscript was supported by
funds from the National Institute on Aging (UF1-AG051197), as well
as the Neuroimaging Core of the Alzheimer’s Disease Research Center
(P50-AG005133, P30-AG066468). We are grateful for the support
from the Heart Strategies Concentrating on Risk Evaluation (Heart
SCORE) study (R01-HL089292) and the Long Life Family Study
(U01-AG23744), and the Clinical and Translational Science Institute
at the University of Pittsburgh (UL1-TR001857) for managing Pitt+
Me.

Author Contributions

FM, ADC, AB and JTB worked on the conception and design of the
work. RR, BS and JTB acquired the data. RB, DL-S, KT and BS ana-
lyzed the data. All authors worked on the interpretation of the data and
the writing of the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the National Heart, Lung, and Blood Institute

(grant number R01-HL089292, P30-AG066468, P50-AG005133,
U01-AG23744, UF1-AG051197, UL1-TR001857).

Ethical Approval

Not applicable, because this article does not contain any studies with
human or animal subjects.

Supplemental material

Supplemental material for this article is available online.

References

1. Theis KA, Steinweg A, Helmick CG, Courtney-Long E, Bolen
JA, Lee R. Which one? What kind? How many? Types, causes,
and prevalence of disability among U.S. adults. Disabil Health
J. 2019;12(3):411-421. doi:10.1016/j.dhjo.2019.03.001

2. Finder VH. Alzheimer’s disease: a general introduction and path-
omechanism. J Alzheimer’s Dis. 2010;22(SUPPL. 3):S5-S19.
doi:10.3233/JAD-2010-100975

3. CR J, TM T, SD W, et al. Prevalence of biologically vs clinically
defined Alzheimer Spectrum entities using the national institute
on aging-Alzheimer’s Association research framework. JAMA
Neurol. 2019;76(10):1174-1183. doi:10.1001/jamaneurol.2019.
1971

4. Hanseeuw BJ, Betensky RA, Jacobs HIL, et al. Association of
amyloid and Tau with cognition in preclinical Alzheimer
disease: a longitudinal study. JAMA Neurol. 2019;76(8):
915-294. doi:10.1001/jamaneurol.2019.1424

5. Petersen RC, Lopez O, Armstrong MJ, et al. Practice guideline
update summary: mild cognitive impairment: report of the guide-
line development, dissemination, and implementation subcommit-
tee of the American academy of neurology. Neurology.
2018;90(3):126-135. doi:10.1212/WNL.0000000000004826

6. Kasper S, Bancher C, Eckert A, et al. Management of mild cogni-
tive impairment (MCI): the need for national and international
guidelines. World J Biol Psychiatry. 2020;21(8):579-594.
doi:10.1080/15622975.2019.1696473

7. Pandya SY, Clem MA, Silva LM, Woon FL. Does mild cognitive
impairment always lead to dementia? A review. J Neurol Sci.
2016;369:57-62. doi:10.1016/j.jns.2016.07.055

8. Giannakopoulos P, Missonnier P, Kövari E, Gold G, Michon A.
Electrophysiological markers of rapid cognitive decline in mild
cognitive impairment. Front Neurol Neurosci. 2009;24:39-46.
doi:10.1159/000197898

9. Babiloni C, Arakaki X, Azami H, et al. Measures of resting state
EEG rhythms for clinical trials in Alzheimer’s disease: recommen-
dations of an expert panel. Alzheimer’s Dement. April
2021;17(9):1528-1553. doi:10.1002/alz.12311

10. López-Sanz D, Serrano N, Maestú F. The role of magnetoenceph-
alography in the early stages of Alzheimer’s disease. Front
Neurosci. 2018;12:572. doi:10.3389/fnins.2018.00572

11. Cohen AD, Bruña R, Chang Y-F, et al. Connectomics in brain
aging and dementia – the background and design of a study of a
connectome related to human disease. Front Aging Neurosci.
2021;13:669490. doi:10.3389/fnagi.2021.669490

12. Lopez OL, Becker JT, Klunk WE, et al. Research evaluation and
diagnosis of possible Alzheimer’s disease over the last two
decades: II. Neurology. 2000;55(12):1863-1869. doi:10.1212/
wnl.55.12.1863

Bruña et al. 7

https://doi.org/10.1016/j.dhjo.2019.03.001
https://doi.org/10.3233/JAD-2010-100975
https://doi.org/10.3233/JAD-2010-100975
https://doi.org/10.3233/JAD-2010-100975
https://doi.org/10.1001/jamaneurol.2019.1971
https://doi.org/10.1001/jamaneurol.2019.1971
https://doi.org/10.1001/jamaneurol.2019.1424
https://doi.org/10.1212/WNL.0000000000004826
https://doi.org/10.1080/15622975.2019.1696473
https://doi.org/10.1016/j.jns.2016.07.055
https://doi.org/10.1159/000197898
https://doi.org/10.1002/alz.12311
https://doi.org/10.3389/fnins.2018.00572
https://doi.org/10.3389/fnagi.2021.669490
https://doi.org/10.1212/wnl.55.12.1863
https://doi.org/10.1212/wnl.55.12.1863


13. Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal cog-
nitive assessment, MoCA: a brief screening tool for mild cognitive
impairment. J Am Geriatr Soc. 2005;53(4):695-699. doi:10.1111/
j.1532-5415.2005.53221.x

14. Saxton J, Ratcliff G, Munro CA, et al. Normative data on the
Boston naming test and two equivalent 30-item short forms.
Clin Neuropsychol. 2000;14(4):526-534. doi:10.1076/clin.14.4.
526.7204

15. Welsh KA, Butters N, Hughes J, Mohs RC, Heyman A. Detection
of abnormal memory decline in mild cases of Alzheimer’s disease
using CERAD neuropsychological measures. Arch Neurol.
1991;48(3):278-281. doi:10.1001/archneur.1991.00530150046016

16. Welsh KA, Butters N, Mohs RC, et al. The consortium to establish
a registry for Alzheimer’s disease (CERAD). part V. A normative
study of the neuropsychological battery. Neurology. 1994;
44(4):609-614. doi:10.1212/wnl.44.4.609

17. Reitan RM. Validity of the trail making test as an indicator of
organic brain damage. Percept Mot Skills. 1958;8(3):271-276.
doi:10.2466/PMS.8.7.271-276

18. Rey A. L’examen psychologique dans les cas d’encéphalopathie
traumatique. Arch Psychol (Geneve). 1941;28:215-285.

19. Gershon RC, Cella D, Fox NA, Havlik RJ, Hendrie HC, Wagster
MV. Assessment of neurological and behavioural function: the
NIH toolbox. Lancet Neurol. 2010;9(2):138-139. doi:10.1016/
S1474-4422(09)70335-7

20. Howland M, Tatsuoka C, Smyth KA, Sajatovic M. Evaluating
PROMIS(®) applied cognition items in a sample of older adults
at risk for cognitive decline. Psychiatry Res. 2017;247:39-42.
doi:10.1016/j.psychres.2016.10.072

21. Taulu S, Simola J. Spatiotemporal signal space separation method
for rejecting nearby interference in MEG measurements. Phys
Med Biol. 2006;51(7):1759-1768. doi:10.1088/0031-9155/51/7/
008

22. Belouchrani A, Abed-Meraim K, Cardoso J-F, Moulines E. A
blind source separation technique using second-order statistics.
IEEE Trans Signal Process. 1997;45(2):434-444. doi:10.1109/
78.554307

23. Oostenveld R, Fries P, Maris E, Schoffelen J-M. Fieldtrip: open
source software for advanced analysis of MEG, EEG, and inva-
sive electrophysiological data. Comput Intell Neurosci.
2011;2011:1-9. doi:10.1155/2011/156869

24. Garcés P, López-Sanz D, Maestú F, Pereda E. Choice of magne-
tometers and gradiometers after signal space separation. Sensors
(Switzerland. 2017;17[12]:2926. doi:10.3390/s17122926

25. Ashburner J, Friston KJ. Unified segmentation. Neuroimage.
2005;26(3):839-851. doi:10.1016/j.neuroimage.2005.02.018

26. PennyW, Friston KJ, Ashburner J, Kiebel S, Nichols T. Statistical
Parametric Mapping: The Analysis of Functional Brain Images.
Elsevier Ltd; 2007. doi:10.1016/B978-0-12-372560-8.X5000-1

27. Nolte G. The magnetic lead field theorem in the quasi-static
approximation and its use for magnetoencephalography forward
calculation in realistic volume conductors. Phys Med Biol.
2003;48(22):3637-3652. doi:10.1088/0031-9155/48/22/002

28. Tzourio-Mazoyer N, Landeau B, Papathanassiou D, et al.
Automated anatomical labeling of activations in SPM using a
macroscopic anatomical parcellation of the MNI MRI single-
subject brain. Neuroimage. 2002;15(1):273-289. doi:10.1006/
nimg.2001.0978

29. van Veen BD, van Drongelen W, Yuchtman M, Suzuki A.
Localization of brain electrical activity via linearly constrained

minimum variance spatial filtering. IEEE Trans Biomed Eng.
1997;44(9):867-880. doi:10.1109/10.623056

30. López-Sanz D, Bruña R, Garcés P, et al. Alpha band disruption
in the AD-continuum starts in the subjective cognitive decline
stage: a MEG study. Sci Rep. 2016;6(1):37685. doi:10.1038/
srep37685

31. López-Sanz D, Bruña R, Delgado-Losada ML, et al. Electro
physiological brain signatures for the classification of subjective
cognitive decline: towards an individual detection in the preclini-
cal stages of dementia. Alzheimer’s Res Ther. 2019;11(1):49.
doi:10.1186/s13195-019-0502-3

32. de Frutos-Lucas J, Cuesta P, López-Sanz D, et al. The relationship
between physical activity, apolipoprotein e ɛ4 carriage, and brain
health. Alzheimer’s Res Ther. 2020;12(1):48. doi:10.1186/
s13195-020-00608-3

33. Maris E, Oostenveld R. Nonparametric statistical testing of EEG-
and MEG-data. J Neurosci Methods. 2007;164(1):177-190.
doi:10.1016/j.jneumeth.2007.03.024

34. López ME, Cuesta P, Garcés P, et al. MEG Spectral analysis in
subtypes of mild cognitive impairment. Age (Dord.2014;36[3]:
9624. doi:10.1007/s11357-014-9624-5

35. Berendse HW, Verbunt JPA, Scheltens P, van Dijk BW, Jonkman
EJ. Magnetoencephalographic analysis of cortical activity in
Alzheimer’s disease: a pilot study. Clin Neurophysiol. 2000;
111(4):604-612. doi:10.1016/S1388-2457(99)00309-0

36. Ishii R, Canuet L, Aoki Y, et al. Healthy and pathological brain
aging: from the perspective of oscillations, functional connectiv-
ity, and signal complexity. Neuropsychobiology. 2017;75(4):
151-161. doi:10.1159/000486870

37. Raichle ME. The brain’s default mode network. Annu Rev
Neurosci. 2015;38(1):433-447. doi:10.1146/annurev-neuro-
071013-014030

38. Wu X, Li R, Fleisher AS, et al. Altered default mode network con-
nectivity in Alzheimer’s disease-A resting functional MRI and
bayesian network study. Hum Brain Mapp. 2011;32(11):1868-
1881. doi:10.1002/hbm.21153

39. Delbeuck X, Collette F, Van der Linden M. Is Alzheimer’s disease
a disconnection syndrome?. evidence from a crossmodal
audio-visual illusory experiment. Neuropsychologia. 2007;
45(14):3315-3323. doi:10.1016/j.neuropsychologia.2007.05.001

40. O’Neill GC, Barratt EL, Hunt BAE, Tewarie PK, Brookes MJ.
Measuring electrophysiological connectivity by power envelope
correlation: a technical review on MEG methods. Phys Med
Biol. 2015;60(21):R271-R295. doi:10.1088/0031-9155/60/21/R271

41. Liu AKL, Lim EJ, Ahmed I, Chang RC-C, Pearce RKB,
Gentleman SM. Review: revisiting the human cholinergic
nucleus of the diagonal band of broca. Neuropathol Appl
Neurobiol. 2018;44(7):647-662. doi:10.1111/nan.12513

42. Senut MC, Menetrey D, Lamour Y. Cholinergic and peptidergic
projections from the medial septum and the nucleus of the diago-
nal band of broca to dorsal hippocampus, cingulate cortex and
olfactory bulb: a combined wheatgerm agglutinin-apohorseradish
peroxidase-gold immunohistochemical stu. Neuroscience.
1989;30(2):385-403. doi:10.1016/0306-4522(89)90260-1

43. Grothe M, Heinsen H, Teipel SJ. Atrophy of the cholinergic basal
forebrain over the adult age range and in early stages of
Alzheimer’s disease. Biol Psychiatry. 2012;71(9):805-813.
doi:10.1016/j.biopsych.2011.06.019

44. Babiloni C, Del Percio C, Caroli A, et al. Cortical sources of resting
state EEG rhythms are related to brain hypometabolism in subjects

8 Clinical EEG and Neuroscience 0(0)

https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1076/clin.14.4.526.7204
https://doi.org/10.1076/clin.14.4.526.7204
https://doi.org/10.1001/archneur.1991.00530150046016
https://doi.org/10.1212/wnl.44.4.609
https://doi.org/10.2466/PMS.8.7.271-276
https://doi.org/10.2466/PMS.8.7.271-276
https://doi.org/10.1016/S1474-4422(09)70335-7
https://doi.org/10.1016/S1474-4422(09)70335-7
https://doi.org/10.1016/S1474-4422(09)70335-7
https://doi.org/10.1016/S1474-4422(09)70335-7
https://doi.org/10.1016/j.psychres.2016.10.072
https://doi.org/10.1088/0031-9155/51/7/008
https://doi.org/10.1088/0031-9155/51/7/008
https://doi.org/10.1088/0031-9155/51/7/008
https://doi.org/10.1109/78.554307
https://doi.org/10.1109/78.554307
https://doi.org/10.1155/2011/156869
https://doi.org/10.3390/s17122926
https://doi.org/10.1016/j.neuroimage.2005.02.018
https://doi.org/10.1016/B978-0-12-372560-8.X5000-1
https://doi.org/10.1016/B978-0-12-372560-8.X5000-1
https://doi.org/10.1016/B978-0-12-372560-8.X5000-1
https://doi.org/10.1016/B978-0-12-372560-8.X5000-1
https://doi.org/10.1016/B978-0-12-372560-8.X5000-1
https://doi.org/10.1016/B978-0-12-372560-8.X5000-1
https://doi.org/10.1088/0031-9155/48/22/002
https://doi.org/10.1088/0031-9155/48/22/002
https://doi.org/10.1006/nimg.2001.0978
https://doi.org/10.1006/nimg.2001.0978
https://doi.org/10.1109/10.623056
https://doi.org/10.1038/srep37685
https://doi.org/10.1038/srep37685
https://doi.org/10.1186/s13195-019-0502-3
https://doi.org/10.1186/s13195-019-0502-3
https://doi.org/10.1186/s13195-019-0502-3
https://doi.org/10.1186/s13195-019-0502-3
https://doi.org/10.1186/s13195-020-00608-3
https://doi.org/10.1186/s13195-020-00608-3
https://doi.org/10.1016/j.jneumeth.2007.03.024
https://doi.org/10.1007/s11357-014-9624-5
https://doi.org/10.1007/s11357-014-9624-5
https://doi.org/10.1007/s11357-014-9624-5
https://doi.org/10.1007/s11357-014-9624-5
https://doi.org/10.1016/S1388-2457(99)00309-0
https://doi.org/10.1016/S1388-2457(99)00309-0
https://doi.org/10.1016/S1388-2457(99)00309-0
https://doi.org/10.1159/000486870
https://doi.org/10.1146/annurev-neuro-	071013-014030
https://doi.org/10.1146/annurev-neuro-	071013-014030
https://doi.org/10.1146/annurev-neuro-	071013-014030
https://doi.org/10.1146/annurev-neuro-	071013-014030
https://doi.org/10.1146/annurev-neuro-	071013-014030
https://doi.org/10.1002/hbm.21153
https://doi.org/10.1016/j.neuropsychologia.2007.05.001
https://doi.org/10.1088/0031-9155/60/21/R271
https://doi.org/10.1088/0031-9155/60/21/R271
https://doi.org/10.1111/nan.12513
https://doi.org/10.1016/0306-4522(89)90260-1
https://doi.org/10.1016/0306-4522(89)90260-1
https://doi.org/10.1016/0306-4522(89)90260-1
https://doi.org/10.1016/j.biopsych.2011.06.019


with Alzheimer’s disease: an EEG-PET study. Neurobiol Aging.
2016;48:122-134. doi:10.1016/j.neurobiolaging.2016.08.021

45. Jovicich J, Babiloni C, Ferrari C, et al. Two-Year longitudinal
monitoring of amnestic mild cognitive impairment patients with
prodromal Alzheimer’s disease using topographical biomarkers
derived from functional magnetic resonance imaging and electro-
encephalographic activity. J Alzheimers Dis. 2019;69(1):15-35.
doi:10.3233/JAD-180158

46. Sen BB, Cakir Y, Serap-Sengor N, Maguire L, Coyle D.
Model-based bifurcation and power spectral analyses of thalamo-
cortical alpha rhythm slowing in Alzheimer’s disease.
Neurocomputing. 2013;115:11-22. doi:10.1016/j.neucom.2012.
10.023

47. Li X, Yang X, Sun Z. Alpha rhythm slowing in a modified
thalamo-cortico-thalamic model related with Alzheimer’s

disease. PLoS One. 2020;15(3):e0229950. doi:10.1371/journal.
pone.0229950

48. Fernández A, Maestú F, Amo C, et al. Focal temporoparietal slow
activity in Alzheimer’s disease revealed by magnetoencephalogra-
phy. Biol Psychiatry. 2002;52(7):764-770.

49. Petersen RC, Doody R, Kurz A, et al. Current concepts in mild
cognitive impairment. Arch Neurol. 2001;58(12):1985-1992.
doi:nsa10002. [pii].

50. Edmonds EC, Delano-Wood L, Galasko DR, Salmon DP, Bondi
MW. Subjective cognitive complaints contribute to misdiagnosis
of mild cognitive impairment. J Int Neuropsychol Soc. 2014;
20(8):836-847. doi:10.1017/S135561771400068X

51. Alzheimer’s Association. 2021 Alzheimer’s disease facts and
figures. Alzheimers Dement. 2021;17(3):327-406. doi:10.1002/
alz.12328

Bruña et al. 9

https://doi.org/10.1016/j.neurobiolaging.2016.08.021
https://doi.org/10.3233/JAD-180158
https://doi.org/10.3233/JAD-180158
https://doi.org/10.1016/j.neucom.2012.10.023
https://doi.org/10.1016/j.neucom.2012.10.023
https://doi.org/10.1371/journal.pone.0229950
https://doi.org/10.1371/journal.pone.0229950
https://doi.org/nsa10002
https://doi.org/10.1017/S135561771400068X
https://doi.org/10.1002/alz.12328
https://doi.org/10.1002/alz.12328

	 Introduction
	 Materials and Methods
	 Participants
	 Cognitive Evaluation
	 Brain Imaging Data
	 Source Reconstruction
	 Spectral Analysis
	 Statistical Analysis

	 Results
	 Broadband Exploration
	 Alpha Band Exploration

	 Discussion
	 Comparison of Healthy Older Adults and aMCI Patients
	 Characterization of the IWOC Population
	 Limitations of This Work

	 Conclusions
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


