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Abstract Mild cognitive impairment (MCI) is a stage 
between healthy aging and dementia. It is known that in 
this condition the connectivity patterns are altered in the 

resting state and during cognitive tasks, where an extra 
effort seems to be necessary to overcome cognitive de
cline. We aimed to determine the functional connectivity 
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pattern required to deal with an internally directed 
cognitive state (IDICS) in healthy aging and MCI. 
This task differs from the most commonly employed 
ones in neurophysiology, since inhibition from external 
stimuli is needed, allowing the study of this control 
mechanism. To this end, magnetoencephalographic 
(MEG) signals were acquired from 32 healthy individ
uals and 38 MCI patients, both in resting state and 
while perfoiming a subtraction task of two levels of 
difficulty. Functional connectivity was assessed with 
phase locking value (PLV) in five frequency bands. 
Compared to controls, MCIs showed higher PLV 
values in delta, theta, and gamma bands and an oppo
site partem in alpha, beta, and gamma bands in resting 
state. These changes were associated with poorer neu
ropsychological performance. During the task, this 
group exhibited a hypersynchronization in delta, theta, 
beta, and gamma bands, which was also related to a 
lower cognitive performance, suggesting an abnormal 
functioning in this group. Contrary to controls, MCIs 
presented a lack of synchronization in the alpha band 
which may denote an inhibition deficit. Additionally 
the magnitude of connectivity changes rose with the 
task difficulty in controls but not in MCIs, in line with 
the compensation-related utilization of neural circuits 
hypothesis (CRUNCH) model. 

Keywords Mild cognitive impairment • Internally 
directed cognitive state (IDICS) • Functional 
connectivity- MEG • CRUNCH 

Introduction 

Mild cognitive impairment (MCI) is an intermediate 
state of the elderly brain between normal cognition 
and dementia. It is mainly characterized by objective 
evidence of memory impairment not yet encompassing 
the definition of dementia and which does not interfere 
with activities of daily living (Petersen et al. 2001). 
Prevalence of MCI ranges from 3 to 19 % in adults 
older than 65 years (Gauthier et al. 2006). Most MCI 
cases are due to Alzheimer's disease (AD), since recent 
studies have found a high rate of progression from MCI 
to AD. For example, following Petersen's criteria, the 
conversion rate from MCI to dementia is of about 12 % 
per year, while healthy controls convert at a 1-2 % rate 
(Petersen 2004). 

When compared with demented patients and controls 
without cognitive impairment, individuals with MCI 
(hereafter known as MCIs) have intermediate amounts 
of AD pathological signs, such as amyloid deposition, 
tau-positive tangles in medial temporal lobes (Mufson 
et al. 1999), cholinergic dysfunction (Haense et al. 
2012), gray matter loss (Chételat et al. 2002), and white 
matter lesions (Fellgiebel et al. 2005). These neuropath-
ological features could be considered intermediate 
between normal aging and early AD (Petersen et al. 
2006; He et al. 2009; Zhang et al. 2012). 

AD has been considered as a "disconnection syn
drome" (Delbeuck et al. 2003). At a structural level, 
anatomical links in AD patients are disrupted, and this 
has been associated with a neurofibrillary pathology 
(Braak and Braak 1991). At a functional level, a 
decrease in the brain interactions has been shown in 
several studies (Stam et al. 2006 Locatelli et al. 1998; 
Berendse et al. 2000; Stam and van Dijk 2002; see 
Jeong 2004 for a review; Koenig et al. 2005; Sanz-
Arigita et al. 2010). The concept of functional connec
tivity has emerged to evaluate functional relations 
between brain regions. It quantifies statistical interde-
pendencies between different physiological signals, 
providing information about functional interactions 
between the corresponding brain regions (Friston 
2001) and was proven to be also altered in MCI (Bajo 
et al. 2010). Moreover, synchronization abnormalities 
seem to be related to the degree of dementia, being more 
accentuated in patients with a higher cognitive decline 
(Stam et al. 2003; Jeong 2004). Electrophysiological 
techniques such as magnetoencephalography (MEG) 
or electroencephalography (EEG) enable the assessment 
of this interaction in the time-frequency domain. MEG 
is a noninvasive technique based on the measurement of 
magnetic brain activity. Compared with fMRI which 
gives an indirect estimate of brain activity through 
hemodynamic responses, MEG provides a direct mea
sure of electrophysiological activity, reflecting neuronal 
communication with great temporal resolution 
(Hámáláinen et al. 1993) and, therefore, allowing the 
investigation of several brain rhythms (1-100 Hz). 
Indeed, MEG oscillatory activity has been proven useful 
in measuring both spontaneous and task-induced brain 
rhythms in normal and pathological aging (Fernandez 
et al. 2006; Osipova et al. 2006; Stam 2010; Leirer et al. 
2011; Bajo etal. 2010; Zamrinietal. 2011). 

Most resting state studies in MCI have shown an 
increase in low-frequency activity, which has been 



usually accompanied by a decrease in synchronization. 
For example, Moretti et al. (2008) reported a decline in 
intrahemispheric fronto-parietal coherence and an 
increase in temporal interhemispheric coherence in the 
MCI group when compared to elderly controls and also 
a reduced beta band functional connectivity. Gómez 
et al. (2009) found a decreased synchronization essen
tially in the beta band in MCI subjects. However, other 
resting state studies have failed to find functional con
nectivity differences between MCI and healthy controls 
(Stam et al. 2003; Jiang 2005; Zheng et al. 2007; Tao 
and Tian 2005). 

By contrast, most task studies found an increased 
synchronization in MCIs when compared to healthy 
people during a cognitive task (i.e., memory task) 
(Pijnenburg et al. 2004; Jiang 2005; Zheng et al. 2007; 
Bajo et al. 2010). For instance, Jiang and Zheng (2006) 
reported a higher inter- and intrahemispheric EEG 
coherence in MCI in a working memory task. Bajo 
et al. (2010) found higher interhemispheric synchroni
zation likelihood in MCI between left and right 
temporo-frontal sensors in most frequency bands during 
a short-term memory task and higher connectivity for 
those that later on developed dementia (Bajo et al. 
2012). This increase in functional connectivity is usually 
interpreted as a compensatory mechanism and is asso
ciated with the risk for the progression to AD (Rossini 
et al. 2006). Indeed, it seems to indicate a loss of brain 
efficiency (Buldu et al. 2011). 

This discrepancy between cognitive task and resting 
state studies could be due to the differences in the nature 
of brain state during resting and cognitive tasks. Most 
studies in cognitive functioning have been based on 
external stimuli. Others have focused on spontaneous 
or goal-directed internal mentation, such as future plan
ning (Andrews-Hanna 2012). However, little is known 
about brain activity during internal cognitive tasks. This 
would be worthwhile, since during an internal cognitive 
task, subjects are doing a specific task without dealing 
with external stimuli. 

The present paper evaluates functional connectivity 
patterns in MCIs and their age-matched controls during 
resting state and an internally governed task with two 
levels of difficulty. The novelty of this study lies in its 
task design, which is a combination between resting state 
and a cognitive state with no external stimuli. This 
condition could be named "internally directed cognitive 
state" (IDICS) and would allow us to explore how the 
brain works during a pure cognitive state. For this 

purpose, we chose a calculation task, since it can be used 
in an internal way and it is usually impaired in AD 
(Parlato et al. 1992; Rémy et al. 2004) and MCI patients 
(Zamarian et al. 2007b, a; Li et al. 2010). The perfor
mance of this task requires the knowledge of numbers 
and arithmetic (long-term memory), the ability to 
manipulate and update the information mentally (work
ing memory), a high level of self-monitoring, and the 
capacity to inhibit distracting stimuli (executive function
ing). Functional connectivity in different frequency bands 
was assessed with phase locking value (PLV), and con
nectivity patterns were compared across groups and con
ditions. To our knowledge, there are no EEG/MEG stud
ies about internal cognitive processes in MCI patients. 

The exploration of the neural networks involved dur
ing a pure resting state and IDICS in MCI and controls 
was proposed under the following hypotheses: (1) During 
resting state, the MCI group will show a decreased syn
chronization in higher frequency bands compared to the 
control group. (2) Our results will differ from those 
studies which have employed external stimuli since 
IDICS requires higher levels of internal information pro
cessing and therefore of top-down control. (3) MCI pa
tients will show a higher inter- and intrahemispheric 
synchronization than the control group during the execu
tion of the task. (4) In both groups, the overall connec
tivity will increase along with the difficulty of the task. 

Materials and methods 

Subjects 

Eighty-nine subjects older than 65 years enrolled volun
tarily in the study. They were all right-handed (Oldfield 
1971) and native Spanish speakers. The whole sample 
comprised 34 healthy elders and 55 MCI patients. For 
the subsequent analysis, only 38 MCIs (18 males) and 32 
controls (10 males) were used: 17 MCIs and 2 controls 
were excluded based on task execution (see "Experimen
tal design"). Healthy individuals were recruited from the 
Seniors Center of the district of Chamartin, Madrid, and 
MCI patients from the Geriatric and Neurological Units 
of the Hospital Universitario San Carlos, Madrid and the 
Memory Decline Prevention Center, Madrid. 

Subject's characteristics are shown in Table 1. No 
statistical differences (p<0.10) were found between con
trols and MCIs in age, sex, or educational level, but both 
groups did differ in Mini Mental State Examination 



Table 1 Subject's information. Characteristics given as mean ± standard deviation 

Age (years) 

Sex (M/F) 

Educational level 

MMSE score (points) 

Volume ratio: hippocampus/intracranial 

Number of clean 4-s segments Resting 

1 -subraction 

3-subtraction 

Control group (n-

71.8±3.8 

10/22 

3.8±1.1 

29.3±0.9 

(5.09±0.62)*10~3 

(27.6±6.5) 

(22.5±6.8) 

(21.2±5.6) 

=32) MCI group (n=37) 

72.5±4.5 

18/20 

3.3±1.3 

27.1±2.2 

(4.17±0.89)*10~3 

(27.9±5.6) 

(21.7±8.2) 

(21.9±8.2) 

p values 

0.50 

0.22 

0.12 

3.9* 10~5 

9.8 *10~5 

0.83 

0.55 

0.94 

Educational level was grouped into five levels: 1. Illiterate, 2. Primary studies, 3. Elemental studies, 4. High school studies, and 5. University 
studies, p values for between-group differences were introduced. Wilcoxon-Mann-Whitney test was used for continuous variables (age, 
educational level, MMSE, volume ratios) and Fisher's exact test for sex differences 

Mmales, infernales, MMSE Mini Mental State Examination score 

(MMSE) and normalized hippocampal volume 
(/?<0.00001). Normalized hippocampal volume in MCI 
was significantly smaller than in controls, which is a 
biomarker that reflects neuronal injury (Albert et al. 2011). 

Diagnostic criteria 

All participants were rated with a variety of standardized 
diagnostic instruments that included the following: the 
Spanish version of the MMSE (Lobo et al. 1979), the 
Geriatric Depression Scale (GDS; Yesavage et al. 1982), 
the Global Deterioration Scale (GDS; Reisberg et al. 
1982), the Hachinski Ischemic Score (HIS; Rosen 
et al. 1980), the Functional Assessment Questionnaire 
(FAQ; Pfeffer et al. 1982), the questionnaire for Instru
mental Activities of Daily Living (IADL; Lawton and 
Brody 1969), and the Functional Assessment Staging 
(FAST; Auer and Reisberg 1997). 

MCI diagnosis was established according to 
Petersen's criteria (Petersen 2004; Grundman et al. 
2004): (1) memory complaint, corroborated by an infor
mant; (2) abnormal memory function, documented by 
delayed recall of one paragraph from the Logical Mem
ory II subtest of the Wechsler Memory Scale—Revised 
(cutoff scores <16 for >16 years of education; <8 for >8-
15 years of education); (3) normal general cognitive 
function, determined by a MMSE score greater than or 
equal to 24; (4) no or minimal impairment in activities of 
daily living (ADLs) revealed by the Lawton scale, as 
determined by a clinical interview with the patient and 
informant; and (5) not being sufficiently impaired, cog-
nitively and functionally, to meet the National Institute 

of Neurological and Communicative Disorders and 
Stroke/Alzheimer's Disease and Related Disorders 
Association criteria (NINCDS-ADRDA) (McKhann 
et al. 1984) for AD as judged by a clinician experienced 
in AD research. MCIs were classified as amnestic MCI, 
at the stage 3 of the GDS, and they did not meet the 
diagnostic criteria for dementia. 

The age of the participants ranged from 65 to 85, 
since the incidence and prevalence of AD starts to rise 
around 65 years, and at the age of 80 and 90, it is nearly 
50 % (Zamrini et al. 2011). All of them were in good 
health, with no significant cerebral vascular disease, and 
no history of psychiatric or neurological disorders. 
Other inclusion criteria included a modified Hachinski 
score less than or equal to 4, a Geriatric Depression 
Scale score lower than 9, and a computed tomographic 
or magnetic resonance imaging (MRI) brain scan within 
12 months before MEG screening without indication of 
infection, infarction, or focal lesions. We performed on 
every participant complementary explorations (class II 
evidence level) to rule out possible causes of cognitive 
decline such as B12 vitamin deficit, diabetes, thyroid 
problems, syphilis, or human immunodeficiency virus. 
Besides, those subjects with alcoholism (>3 alcoholic 
beverages per day) or chronic use of medication such as 
anxiolytics were not included in the study. Finally, MCI 
patients were required to suspend the ingestion of drugs 
which could affect MEG activity (e.g., cholinesterase 
inhibitors) 48 h before the recordings. 

Patients and controls also received a neuropsycho
logical assessment, in order to explore their cognitive 
status in multiple cognitive functions such as memory, 



language, and executive functions. This included the 
Clock Drawing Test (Agrell and Dehlin 1998), Direct 
and Inverse digit Spam Test (Wechsler Memory Scale 
Revised, WMS-III; Wechsler 1987), Immediate and 
Delayed Recall (WMS-III; Wechsler 1987), Phonemic 
and Semantic Fluency (Controlled Oral Word 
Association Test, COWAT; Benton and Hamsher 
1989), Ideomotor Praxis of Barcelona Test (Pena-
Casanova 1990), rule shift cards (Behavioural 
Assessment of the Dysexecutive Syndrome, BADS; 
Norris and Tate 2000), Visual Object and Space Percep
tion Test (VOSP; Warrington and James 1991), Boston 
Naming Test (BNT; Kaplan et al. 1983), and Trail 
Making Test A and B (TMTA and TMTB; Reitan 1958). 

Before the MEG recording, all participants gave a 
written informed consent to participate in the investiga
tion. The study was approved by the local ethics 
committee. 

Experimental design 

IDICS was based on a calculation mental task, which 
consisted of subtracting numbers mentally. Participants 
were told an initial number and instructed to repeatedly 
subtract a given amount from that number over the 
course of 1 min. After that minute, they were asked 
what number they had reached, and the researchers 
made a note of their answers. Participants were allowed 
to perform the subtraction at their own pace and were 
instructed to keep their eyes closed while performing the 
task. Counting aloud and finger counting was 
prohibited, and participants were instructed to continue 
the task regardless of any doubts of error. 

The IDICS task had two levels of difficulty: 

• 1-subtraction: Participants had to subtract 1 by 1 
from a given fixed number. 

• 3-subtraction: Participants had to subtract 3 by 3 
from a given fixed number. 

In each subtraction condition, four numbers were 
given: two two-digit and two three-digit. The same num
bers were used for all the participants but their order was 
changed in order to counterbalance experimental condi
tions. So, for each subject, we registered 8 min of brain 
activity and eight behavioral responses, one for each 
given number. If a subject performed badly more than 
one subtraction exercise in any condition (1-subtraction 
of 3-subtraction), he/she was excluded from the present 

functional connectivity analysis. Following this criterion, 
17 MCIs and 2 controls were excluded and only data 
from 70 subjects out of 89 recorded subjects were used. 
A subtraction exercise was classified as badly performed 
if (1) participants informed that they got lost or stopped 
performing the task correctly, (2) they summed instead of 
subtracting, or (3) the final number they reached seemed 
out of a normal range (either too big, meaning they had 
subtracted very slowly or stopped doing so at some point 
or too small meaning they had probably skipped some 
number intervals). As the task is not externally controlled 
except for the number they give after 1 min, the external 
assessment of the performance is rather qualitative, and 
the validity of the data relied to a great extent on the 
participants' assessment of their own performance. 

MEG recordings and preprocessing 

Brain magnetic fields were measured while each subject 
sat in a magnetically shielded room (VacuumSchmelze 
GmbH, Hanau, Germany), using a 306 channel 
Vectorview system (Elekta Neuromag) at the Center 
for Biomedical Technology (Madrid, Spain). Fields 
were measured during a task-free, 3-min eyes-closed 
condition and during the execution of the IDICS task. 
Subjects were instructed to close their eyes in both 
conditions and move as little as possible. 

The MEG system comprised 102 magnetometers and 
204 planar gradiometers. Sampling frequency was 
1,000 Hz and an online filtering of 0.1-330 Hz was 
applied. A head position indicator (HPI) system and a 
three-dimensional digitizer (Fastrak Polhemus) were 
used to determine the position of the head with respect 
to the sensor array Four HPI coils were attached to the 
subject (one on each mastoid, two on the forehead), and 
their position with respect to the three fiducials (nasion 
and left and right pre-auricular points) was determined. 
To record vertical electrooculogram (EOG), two elec
trodes were attached above and below the left eye, and a 
third one to the left earlobe for electrical grounding. 

External noise was removed from the MEG data using 
the temporal extension of Signal-Space Separation (tSSS) 
(Taulu and Kajola 2005) as implemented with the 
MaxFilter software (version 2.2, Elekta-Neuromag) with 
a 10-s raw data buffer and a subspace correlation hmit of 
0.9. Data was subsequently adjusted for head movement 
every 200 ms and transformed into a common space. 

Data was then preprocessed with Fieldtrip (Oostenveld 
et al. 2011). The continuous time series (resting state and 



mental calculation task) were first separated into segments 
of 4 s. Then, jump, muscle, and ocular artifacts were 
located using all 306 sensors and the additional EOG 
channels. All segments containing artifacts were eliminat
ed from the analysis. As a result, all subjects had at least 
N— 15 clean segments per condition. The amount of clean 
trials was similar across groups (Table 1). 

Functional connectivity analysis 

In order to provide additional information to the mea
sures widely used in the study of functional connectivity 
in dementia (coherence and synchronization likelihood), 
PLV (Mormann et al. 2000) between pairs of sensors 
was computed. To avoid mixing signals of different 
nature and noise profiles, we used only magnetometers 
for this functional connectivity analysis (we note how
ever that gradiometers were used in the temporal signal 
space separation step, so the resulting magnetometer 
data contain indirectly gradiometer information). We 
discarded eight inferior temporal sensors from the anal
ysis for being noisy, keeping 94 magnetometers for the 
analysis. Figure 1 shows the distribution of these 94 
channels in the MEG helmet in two and three dimen
sions and separates channels into different head regions 
for better understanding of the geometry. 

First, time series were filtered with a Finite Impulse 
Response filter of order 600 (which introduced a zero-
phase distortion) into different frequency bands: delta 
(2-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), beta (12-
30 Hz), and gamma (30-45 Hz), yielding a narrow band 
signal Xj(f) for each sensor j— 1... 102. Its phase ifj(f) 
was extracted via a Hubert transform. 

Zj{t) = Xj{t) + ¿-Hilbert(x7-(0) = A^i)^^ (1) 

Then, the synchronization between a pair of phases 
¡Pj{t) and ipi^t) was assessed by computing the PLV. 

PLV = 
1 

M 

ivi 

y ^ ¿(vjM-Mt*.)) (2) 

Fig. 1 MEG sensor layout. Magnetometer positions in 2D and 
3D, separated into frontal, parietal, occipital, and left and right 
temporal regions 

where M— 4,000 is the number of samples in the time series 
(4 s sampled at 1,000 Hz). This calculation was repeated 
for all pairs of sensors and averaged over segments belong
ing to the same condition, ending up with a symmetrical 
94x94 connectivity matrix for each subject, condition 
(resting, 1- and 3-subtraction task), and frequency band. 

Hippocampal volume 

Hippocampal volumes were measured in order to provide 
an anatomical measure that quantifies the degree of brain 
atrophy. Indeed, a decrease in hippocampal volume has 
been related to MCI and Alzheimer's disease (Dubois 
et al. 2007; Moretti et al. 2007). For each subject, a high-
resolution Tl-weighted magnetic resonance was acquired 
with a General Electric 1.5 T magnetic resonance (MR) 
scanner, using a high-resolution antenna and a homogeni-
zation PURE filter (Fast Spoiled Gradient Echo sequence, 
TR/TE/TI= 11.2/4.2/450 ms; flip angle 12°; 1 mm slice 
thickness, 256x256 matrix and FOV 25 cm). Freesurfer 
software (version 5.1.0) and its specialized tool for auto
mated subcortical segmentation (Fischl et al. 2002) were 
used to segment the subject's Tl-weighted volume into 
different regions. Then, hippocampal volume was normal
ized with the overall intracranial volume to account for 
differences in head volume over subjects. 

Statistical analysis 

To compare connectivity values between conditions and 
groups (controls vs. MCIs), we employed nonparametric 
statistical tests: Wilcoxon signed rank tests for differences 
between conditions and independent samples and 
Wilcoxon-Mann-Whitney tests for differences between 



diagnoses. The results were corrected for multiple com
parisons with a permutation technique that was intro
duced by Maris and Oostenveld (2007). Following this 
approach, elements from the two compared groups (e.g., 
condition 1 vs. condition 2 or diagnosis 1 vs. diagnosis 2) 
were shuffled randomly. Then, two subsets with the same 
size as the originals groups were created that contained 
the shuffled elements. A new statistical test (signed rank 
Wilcoxon or Wilcoxon-Mann-Whitney) was performed 
for these two randomly chosen groups. This procedure 
was repeated 5,000 times, yielding a set of surrogate 
p values. The final and corrected/» value was then defined 
as the proportion of permutations with a p value lower 
than the one in the original test. 

To assess the relationship between neurophysiological 
activity and cognitive performance, the average connectiv
ity in significant links in the between-conditions analysis 
was correlated with several neuropsychological test scores 
in the whole sample (controls and MCIs). Additionally, 
hippocampal volumes were also included for correlations, 
in order to have an anatomical measure of the pathology. 
Tests were described in the diagnostic criteria section of 
this paper. Spearman's r was calculated, along with the p 
value testing for the hypothesis of no correlation. This p 
value was corrected for multiple comparisons with a per
mutation approach, as explained in the previous paragraph. 

Results 

Behavioral performance 

In order to check whether subjects were actually 
performing the task after every 1 -min subtraction exercise, 
subjects announced the final number they had reached. 
Since all participants used the same original numbers in 
their countdown, the final number provides insight into 
the individual's performance. The final numbers were 
compared between groups with a Wilcoxon-Mann-
Whitney test. Significant differences in this final number 
would indicate a different execution level across groups. 
This comparison was done separately for all subtraction 
exercises (four exercises for each subtraction task). 

There were no significant differences between con
trols and MCI in any of the eight answers, although the 
MCI group's responses had higher standard deviation 
values than the responses from the control ones. This 
indicates that both groups were actively engaged in the 
task and had a similar performance (see Table ). 

Table 2 IDICS performance in controls and MCIs. Mean values ± 
standard deviation of the responses given by the participants after 
1 min of subtraction 

Numbers 

75 

99 

158 

246 

89 

97 

174 

237 

Mean values ± standard deviation 

Controls 

14.67Ü7.20 

39.50±21.48 

102.12±30.04 

184.92±37.34 

24.65±24.24 

27.58±17.78 

121.00±43.89 

183.28±34.85 

MCIs 

23.00±20.06 

55.14±34.81 

102.36±37.96 

169.73±51.33 

30.50±24.69 

51.36±26.37 

114.77±36.54 

166.18±45.46 

p values 

p=0.192 

p=0.226 

p=0.594 

p=0.639 

p=0.349 

p=0.051 

p=0.983 

p=0.186 

Numbers of the 1-subtraction condition: 75, 99, 158, and 246. 
Numbers of the 3-subtraction condition: 89, 97, 174, and 237. The 
p values were obtained with a Mann-Whitney [/test 

MEG connectivity results 

The result of the between-conditions analysis is summa
rized in Figs. 2 and 3. Figure 2 compares resting state 
and 3-subtraction task and shows the topography of the 
modified links. The topography of the connectivity 
change produced by the 1-subtraction task was not 
represented for the sake of simplicity. However, in gen
eral terms, it was similar than the one for the 3-
subtraction task. 

Figure 3 contrasts resting with 1- and 3-subtraction 
task, displaying the overall amount of altered links and 
enabling a comparison of the network change produced 
by both tasks. Finally, Fig. 4 represents differences 
between controls and MCI for resting state and for a 
resting-normalized 3-subtraction task separately, 
allowing a direct contrast between both groups. Results 
will be now described separately for every frequency 
band, focusing on connectivity differences and neuro
psychology correlations. 

Delta band 

During resting state, MCI patients exhibited higher 
values of connectivity fundamentally over frontal re
gions than controls (see Fig. 4). This increment was 
inversely conelated with MMSE (r=-0.28, ¿>=0.026), 
Immediate (r=-0.46, ¿><0.0001) and Delayed Recall 
(r=-0.37, i?=0.002), rule shift cards (r=-0.3, p= 
0.016), Phonemic (r=-0.26, ¿>=0.035) and Semantic 



CONTROL MCI 

Resting > Task Task > Resting 

Delta 
(2-4 Hz) 

Theta 
(4-8 Hz) 

Alpha 
(8-12 Hz) 

Beta 
(12-30 Hz) 

Gamma 
(30-45Hz) 

Fig. 2 Statistical differences in connectivity between resting and 
3-substraction task for controls and MCIs. Significantly altered 
links (p<0.005) are shown for every frequency band. A line 
between two nodes represents a link that has been significantly 
altered and is either decreased (resting>task) or increased (task> 
testing) in the 3-substraction task. For clarity in visualization, only 

Resting > Task Task > Resting 

a selection of links was displayed: firstly, in order to reduce loose 
links, nodes participating with a single significant link were 
discarded, and secondly, a maximum of 150 links was plotted (if 
more links were statistically significant, 150 links with the lowest 
p value were chosen) 

Fluency (r=-0.35,/?=0.003), and Boston Naming Test (r= 
-0.41, ¿>=0.001) and directly correlated with TMTA time 
(r=0.30,£>=0.016) and TMTB time (r=0.30,¿>=0.019). 

Delta band connectivity partem was greatly altered 
by the counting task compared to resting state, showing 
a big increase of PLV interhemispheric connections in 
all groups, which were of higher magnitude in MCIs 
(see Figs. 2 and 4). 

The interhemispheric increment of synchronization 
observed in the control group while performing the task 
was negatively correlated with the Inverse Digit Spam 
Test (r=—0.32,/?=0.010). Besides, a greater interhemi
spheric synchronization, as MCIs showed, was 

negatively correlated with hippocampal volume (r= 
-0.27, /?=0.049), Inverse Digit Spam Test (r=-0.27, 
/?=0.031), Semantic Fluency (r=-0.25, ̂ =0.043), and 
Immediate (r=—0.26, p=0.037) and Delayed Recall (r= 
-0.27, p—0.030), evidencing that a lower behavioral 
performance is associated with a higher connectivity 
value. Additionally, a decrease in short range delta con
nectivity between frontal sensors when performing the 
task was positively correlated with TMTA time (r—0.26, 
/?=0.042) and inversely correlated with Semantic Flu
ency (r=—0.25, p—0.043), Immediate (r=—0.36, p-
0.003) and Delayed Recall (r=-0.35, p=0.005), and 
Boston Naming Test (r=-0.31,/?=0.014). 
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Fig. 3 Number of significantly altered links when comparing rest
ing and task for different groups and frequency bands. The first row 
shows differences between 1-substraction task {gray) and resting 

"I 1-substraction > resting 
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state {white), the second row considers 3-substraction {black) and 
resting. The two groups (controls and MCIs) are represented in 
different columns. Only links with/)<0.005 were considered 

Theta band 

MCIs showed an increase in synchronization over right 
parieto-temporal areas and between fronto-occipital re
gions during resting state compared to the control group 
(see Fig. 4). This hyperconnectivity was negatively 
related to the hippocampal volume (r=—0.35, p—0.01) 
and to the scores in MMSE (r=-030,p=0M5), Clock 
Drawing test (order subtest) (r=—0.39, p—0.001), Im
mediate (r=-0.56,£><0.0001) and Delayed Recall (r= 
-0.55,/7<0.0001), rule shift cards (r=-0.35, ̂ =0.004), 
Phonemic (r=—0.27, p=0.028) and Semantic Fluency 
(r=—0.37, p—0.002), and Boston Naming Test (r-
-0.34,^=0.002). 

Theta band PLV distribution differed greatly in con
trols and MCIs during the performance of the task (see 
Fig. 2). In the control group, few differences were found 
between resting and the mental calculation state and 
were not correlated with neuropsychological or 

hippocampal measures. However, the MCI group 
showed both increases and decreases of synchronization 
during the IDICS execution. The interhemispheric 
desynchronization from central to lateral sensors was 
inversely correlated with Immediate (r=—0.246, p-
0.048) and Delayed Recall (r=-0.281, p=0.025), and 
the excess of interhemispheric PLV was directly corre
lated with TMTA time (r=0.277,i?=0.027). 

Alpha band 

There were clear differences in synchronization in rest
ing state between both groups, since the controls 
showed higher connectivity values, mainly over central 
and posterior interhemispheric regions, than the MCI 
patients (see Fig. 4). In addition, this increment was 
positively correlated with several tests such as MMSE 
(r=0.42,£>=0.001), Immediate (r=0.40,¿>=0.001) and 
Delayed Recall (r=0.44, p<0.000\), Phonemic (r= 
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Fig. 4 Statistical differences in connectivity between controls and 
MCIs in resting state and 3-substraction task. Significantly altered 
links (p<0.02) are shown for every frequency band. A line be
tween two nodes represents a link that has been significantly 

altered and is either increased (MCI>control) or decreased (con
t r o l MCI) in the MCI group. As in Fig. 2, for clarity in visuali
zation, loose links were removed and a maximum of 150 links was 
displayed 

0.29, ¿>=0.021) and Semantic Fluency (r=0.35, p= 
0.003), and Boston Naming Test (r=030,p=0.0l6). 

In addition, alpha connectivity behaved very differ
ently from the previous bands, and the changes in con
trols were bigger than in MCIs for this band during the 
IDICS task (see Fig. 2). Controls showed an important 
increase of interhemispheric PLV and a decrease in 
short-range coupling in middle frontal sensors during 
the task, while in the MCI group, far fewer links were 
altered in the transition from the resting to the cognitive 
state. 

The interhemispheric increase in synchronization 
during the performance of the mental task was directly 
related to MMSE (r=0.285, ̂ =0.021), Immediate (r= 

0.372, ¿>=0.002) and Delayed Recall (r=0.309, p= 
0.013), Phonemic (r=0.294, /?=0.018) and Semantic 
Fluency (r=0.267, /?=0.029), Boston Naming Test (r= 
0.285, p=0.024), TMTA time (r=-0.428, ^=0.0003), 
and TMTB time (r=-0.369,i?=0.003). The decrease in 
synchronization in middle frontal regions was positively 
correlated with hippocampal volume (r=0.35, p-
0.011), MMSE (r=0.253, p=0.042), Immediate (r= 
0.270, /?=0.03) and Delayed Recall (r=0.330, p= 
0.008), Semantic Fluency (r=0.388, /?=0.001), and 
Boston Naming Test (r=0.377,/>=0.002) and negative
ly correlated with TMTA time (r=-0.268, ¿>=0.032) 
and TMTB time (r=-0.399, /?=0.001). These results 
point out the important relationship between this 



frequency band and the hippocampal volume and the 
cognitive status. 

Beta band 

Controls showed higher synchronization values over 
interhemispheric frontal areas and parieto-occipital re
gions during resting state than the MCI subjects, who 
exhibited an increase in connectivity between parietal 
and left temporal areas (see Fig. 4). The rise of synchro
nization over interhemispheric frontal areas and 
parieto-occipital regions was directly correlated with 
hippocampal volume (r—0.5, ¿><0.0001) and Imme
diate (r=0.35,£>=0.004) and Delayed Recall (r=0.37, 
/?=0.003) and inversely correlated to TMTA time (r-
-0.26, p=0.04), while the hypersynchronization be
tween parietal and left temporal areas was negatively 
related to Clock Drawing test (order subtest) (r-
-037,p=0.002), Immediate (r=-0A, p=0.002) and 
Delayed Recall (r=-0.42, p=0.00l), Semantic Flu
ency (r=—0.4, p—0.001), and Boston Naming Test 
(r=—0.42, p — 0.01) and positively correlated to 
TMTB time (r=031,p=0.015). 

During the execution of the task, both groups exhibit
ed an interhemispheric and anterior-posterior 
desynchronization, being higher in the case of the con
trols, and different patterns of increase of synchronization 
(see Fig. 2). The increase of connectivity observed in the 
control group between left anterior areas and right poste
rior regions was not correlated with anatomical and neu
ropsychological information, while the interhemispheric 
synchronization found in the MCI group was inversely 
correlated with Inverse Digit Spam (r=-0.249,/>=0.047) 
and Immediate Recall (r=-0.253, ̂ =0.042). 

Although an increase in desynchronization was ob
served in both groups while performing the task, the 
pattern of the controls was positively correlated with 
Clock Drawing Test (order subtest) (r=0.414, p-
0.001) and inversely correlated with TMTB time (r-
-0.280, p—0.029), while the pattern observed in the 
MCI group was negatively correlated with Inverse Digit 
Spam (r=-0.332,£>=0.007) and Immediate (r=-0.344, 
/?=0.005) and Delayed Recall (r=-0.266, p=0.033). 
Connectivity differences between both groups were 
mainly located in frontal regions where connectivity 
was higher in controls in resting state and higher in 
MCI during the task, indicating a difficulty for MCIs 
to desynchronize during the task (see Fig. 4). 

Gamma band 

In resting state, controls presented higher connectivity in 
parieto-occipital sensors than MCIs, while these last 
showed higher PLV values between right fronto-
temporo-parietal areas (see Fig. 4). The increase observed 
in the control group was positively correlated with MMSE 
(r=0.3, p=0.015), Immediate (r=0.5, p = 0.0001) and 
Delayed Recall (r=0.44,p = 0.0001), Semantic Fluency 
(r—0.4, p—0.001), and hippocampal volume (r—0.5,p -
0.0001), whereas the hypersynchronization between right 
fronto-temporo-parietal areas was inversely correlated 
with Clock Drawing Test (order subtest) (r=-0.28, p-
0.021), Direct Digit Spam (r=-0.32, ̂ =0.009), Immedi
ate (r=-0.41, /?=0.001) and Delayed Recall (r=-0.34, 
/?=0.006), Semantic Fluency (r=-0.33, p=0.006), and 
shift cards (r=-0.3,/?=0.018). 

During the execution of IDICS, both groups presented 
a central to lateral desynchronization within the gamma 
band. The desynchronization partem observed in the con
trol group was directly correlated with the Boston Naming 
Test (r=0.279,i?=0.027), Ideomotor Praxis (r=0.26,p= 
0.04), and Immediate (r=0312, p=0.011) and Delayed 
Recall (r=0.352, p—0.004), while the desynchronization 
pattern found in the MCI group did not correlate with 
hippocampal atrophy and cognitive performance. 

Only the MCI group showed an increase of inter
hemispheric synchronization that was inversely corre
lated with Direct (r=—0.302, /?=0.014) and Inverse 
Digits Spam (r=—0.396, /?=0.001) and Immediate (r= 
-0.267, ¿>=0.032) and Delayed Recall (r=-0.341, p= 
0.006). This suggests that hypersynchronization at 
higher frequencies could be associated with worse cog
nitive performance in memory tasks. 

1- and 3-subtraction tasks 

In general, the connectivity patterns in 1- and 3-
subtraction tasks were alike. Since topography in both 
conditions was similar, the overall amount of altered 
links between resting and 1- and 3-subtraction tasks is 
shown in Fig. 3, which allows the comparison between 
the network changes induced by both tasks. In particu
lar, if the transition from resting to 1- and then to 3-
subtraction task was linear, one would expect that the 
differences between resting and task would be much 
bigger for the 3- than for the 1-subtraction task. And 
this could be seen through a higher amount of altered 
links in the 3- than in the 1-subtraction task. For 



controls, such a tendency was found in delta and beta 
and to a lesser extent in the gamma band. On the 
contrary for MCIs, there was rather a small decrease in 
the number of links in the 3-subtraction task when 
compared to the 1 -subtraction task. 

Discussion 

The aim of this study was twofold: to investigate how 
functional connectivity changes between resting state 
and IDICS with increasing processing demands and to 
consider how the presence of cognitive impairments in 
aging modifies these synchronization patterns. To this 
end, we measured MEG signals in healthy elderly adults 
and in patients diagnosed with MCI, and we employed 
an internal mental calculation task with two levels of 
difficulty, 1-subtraction and 3-subtration. As expected, 
task load modulated connectivity patterns, which dif
fered between both groups, and MCI displayed 
hypersynchronization in most frequency bands and a 
lack of synchronization in the alpha band. 

Resting vs. IDICS task 

Delta results are in line with most calculation task stud
ies, which have mainly used EEG and analyzed power 
distributions (Harmony et al. 1996, 2004; Dimitriadis 
et al. 2010; Giannitrapani 1971). Delta band activity is 
considered to increase during cognitive tasks requiring 
attention to internal processing and to decrease under 
conditions which demand attention to the external envi
ronment. Additionally, the magnitude of the increment 
rises with the difficulty of the task (Harmony et al. 1996; 
Dimitriadis et al. 2010). Here we showed that in both 
groups, delta connectivity was greater during mental 
calculation than in resting state, a finding in line with 
the previous literature. This increased connectivity be
tween the left and right anterior regions indicates the 
necessity of the interaction between both hemispheres 
for the performance of mental calculation and could be 
engaged in updating of arithmetic operations and ma
nipulation of information (Krueger et al. 2011). 

No important differences in the theta band could be 
ascertained in the control group. Some studies using 
EEG to investigate cognition during arithmetic and 
mental tasks have described an increase in theta band 
activity in the frontal midline areas of the brain, al
though in these cases, spectral power was being 

considered instead of connectivity (Sasaki et al. 1996; 
Ishii et al. 1999; Onton et al. 2005; Yener et al. 2013). 
For MCIs, bigger connectivity changes between task 
and resting were needed to deal with the subtraction 
task. These results could be explained for two possible 
reasons: First, individuals in the MCI group found the 
task more difficult to complete and thus displayed more 
theta band activity (theta band activity being attributed 
to memory load, complex tasks, and attention) (Gevins 
et al. 1997) and second because the MCI group usually 
shows an increase in both theta power and connectivity 
during the execution of cognitive tasks (Jiang 2005; 
Jiang et al. 2008; Aurtenetxe et al. 2013). 

In the alpha band, the control group showed an 
increase in connectivity during the subtraction task. 
These results are consistent with recent studies which 
consider that the alpha band is associated with internal 
tasks (Jensen et al. 2002; Cooper et al. 2003; Sauseng 
et al. 2005; Palva and Palva 2007; Benedek et al. 2011), 
such as mental calculation, and that may reflect an 
internal information processing which involves top-
down control and may be related to an inhibition of 
external interfering input (Jensen and Mazaheri 2010). 
Controls also displayed a desynchronization over frontal 
brain areas, which could be related to the processing of 
semantic information such as mathematical knowledge 
(Klimesch et al. 2007). For MCIs, few connectivity 
changes were found in this band, suggesting that this 
group had less cognitive control. It could be speculated 
that the excess synchronization in delta, theta, beta, and 
gamma bands compensated for the lack of connectivity 
changes in the alpha band. 

In the beta band, long distance connections between 
left anterior region and right posterior areas increased in 
the control group. Conversely, there was a broad 
desynchronization in both groups in the IDICS task 
compared to resting state. This may reflect the activation 
of areas needed for calculation—such as the fronto
parietal network (Krueger et al. 2011)—or the deactiva
tion of others that are able to adapt to the cognitive 
difficulty. Each factor could play a role in the successful 
execution of cognitive tasks. These results could be 
related to the Default Mode Network (DMN) (Raichle 
et al. 2001), which is an antero-posterior network that 
deactivates when performing a task. So the DMN might 
behave in the same way in internal and external cognitive 
tasks, although further studies would be needed to test 
this hypothesis. Finally, our results suggest that the main 
differences from group to group were found in the 



anterior regions of the DMN. These regions were found 
to be more desynchronized in the control group when 
compared to MCIs, indicating that MCIs were not able to 
sufficiently deactivate this network to perform the task. 

Similar to the beta band findings, a desynchronization 
of the resting state networks of both groups was noted 
during task performance when looking at results in the 
gamma band. In this line, Park et al. (2012) found higher 
gamma event-related desynchronization in elderly con
trols when compared to a group of MCI patients, which 
was related to cognitive performance. 

Control group vs. MCI group 

As expected, differences in resting state connectivity 
between control and MCI were found. The MCI group 
presented a higher synchronization than the control 
group in low-frequency bands (e.g., frontal delta and 
antero-posterior right theta) and this increase was 
related to hippocampal atrophy (i.e., theta band) and 
to a lower global cognitive status (i.e., MMSE) and 
worse performance in attention, memory, language, 
and executive functioning. On the contrary, they ex
hibited lower connectivity values in the alpha band, 
especially interhemispheric and in central and poste
rior regions, as well as the beta band in frontal areas. 
The desynchronization observed in the MCI group 
was related to poorer performance in multiple cogni
tive domains, such as memory or executive function, 
and also with a smaller hippocampal volume. Finally, 
MCIs showed a higher synchronization in the gamma 
band between right anterior and central areas, which 
was related to a poorer performance in attention, 
memory, and executive function, while in the control 
group, this increase was localized in more posterior 
regions and was directly correlated with a greater 
hippocampal volume and higher scores in MMSE, 
Immediate and Delayed Recall, and Semantic Fluen
cy. Most of these findings, and especially the decrease 
in synchronization in alpha and beta bands, are in 
agreement with those found in MCI and AD studies 
(Berendse et al. 2000; Jelic et al. 2000; Koenig et al. 
2005; Stam et al. 2003; Moretti et al. 2008; Gómez 
et al. 2009), suggesting that MCI could be considered 
as the beginning of the "disconnection syndrome" 
(Delbeuck et al. 2003). 

For the subtraction task, MCIs showed an increase of 
synchronization in most frequency bands during the 
execution of the task when compared to the resting state. 

This points out that the MCIs were calculating in a rather 
inefficient way, since they needed more brain connec
tions than the control group to perform the same task. 
These findings are in agreement with many studies 
which employed cognitive tasks in the MCI population 
(Pijnenburg et al. 2004; Jiang 2005; Jiang and Zheng 
2006; Bajo et al. 2010). In the alpha band, however, 
MCIs were desynchronized during the task. This could 
mean that MCI showed an impairment in the mecha
nisms related to top-down control and inhibition of 
external inputs (Klimesch et al. 2007), which would 
indicate that MCIs struggled with centering on the task. 
On the whole, these synchronization/desynchronization 
profiles could be used as a potential biomarker of the 
MCI disease. 

To further investigate the meaning of the hyper/ 
hyposynchromzation found during the execution of 
the IDICS task and their relation to brain atrophy and 
cognitive behavior, connectivity changes were corre
lated with hippocampal volumes and neuropsycho
logical tests. In the MCI group, the increases and 
decreases found in synchronization in delta, theta, 
beta, and gamma bands during the execution of the 
task correlated with a lower performance in most of 
the neuropsychological measures employed, includ
ing semantic and episodic memory, attention, and 
executive functioning. Additionally, higher PLV 
values in delta band during IDICS were related to 
lower hippocampal volume, indicating that delta 
hypersynchronization during the execution of the task 
relates to anatomical and functional deterioration. It is 
noteworthy that in the control group, an interhemi
spheric increase in the alpha band was directly corre
lated with global cognitive status (i.e., MMSE), se
mantic and episodic memory, and executive function
ing, while a frontal decrease in connectivity was also 
related to the hippocampal volume. These results 
indicate that the ability to modulate the alpha band 
is essential for a good cognitive functioning. 

Task load 

In delta, beta and, to a lesser extent, in gamma frequency 
bands, the number of altered links was higher in the 3-
than the 1 -subtraction task when compared against the 
resting state, indicating that task load modulates con
nectivity changes. Other studies have described how 
brain activity increases with task difficulty or cognitive 
load in aging (Rypma et al. 2007; Zarahn et al. 2007; 



Morcom et al. 2007). Palva et al. (2010) found that an 
increase in working memory load resulted in a strength
ened brain synchrony Micheloyannis et al. (2005) sug
gested that increasing the complexity of arithmetic tasks 
by increasing the demand for additional operations is 
associated with a more widespread synchronization pat
tern. However, this increase of altered connections with 
task difficulty was not present in MCI. This effect could 
be interpreted under the framework of the 
compensation-related utilization of neural circuits hy
pothesis (CRUNCH) model (Reuter-Lorenz and 
Cappell 2008), which was introduced to explain how 
cortical circuits adapt to increasing task load. When the 
old and young subjects are compared, the older cohort 
recruit more neural resources to acquire a similar per
formance at low levels of task demand, leading to higher 
levels of neural activity. Regardless, they have fewer 
resources available to meet the processing requirements 
of more demanding task (as a resource ceiling is 
reached) and their performance then declines. A similar 
effect seems to occur in this study, when elders with and 
without cognitive impairment were compared. In the 
control group, the synchronization changes rose with 
the difficulty of the task (i.e., delta band), while in the 
MCI group, more resources were needed to achieve the 
same level of performance in the 1 -subraction task, but a 
decline in synchronization changes was noted in the 3-
subtraction condition. However, further studies with 
increasing load are needed to verify this effect in both 
normal and pathological aging. 

In summary, controls exhibited connectivity changes 
in all frequency bands to deal with the IDICS. These 
changes were related to the task difficulty, especially in 
delta and beta frequency bands, according to the CRUN 
CH model. MCIs showed different connectivity profiles 
than controls, pointing out that the MEG could contrib
ute to the assessment of the MCI diagnosis, in addition 
to that of the biomarkers commonly used in clinical 
practice (Molinuevo and Rami 2013). MCIs showed a 
higher synchronization increase to perform the task, 
except from the alpha band. This increment did not 
correlate positively with the task load and was associat
ed with a lower behavioral cognitive function. In fact, 
this hyperconnectivity in MCI has been found previous
ly in working memory tasks with external stimuli (Bajo 
et al. 2010) and was used as a marker for prediction of 
conversion to dementia (Bajo et al. 2012). It can be 
speculated that the profile of hypersynchronization 
found here in the MCI patients may be related to the 

pathological process of AD. This view of synchroniza
tion as pathological, not as compensatory, would be in 
agreement with the hypothesis proposed by de Haan 
et al. (2012). They postulated that the increase in con
nectivity reported in MCIs might be due to higher 
amyloid accumulation over the most connected regions 
(hubs), which are especially vulnerable to AD. In this 
line, hyperactivity has been associated with the release 
of beta amyloid protein into interstitial fluid and neuro
nal hyperexcitability (Cirrito et al. 2008). In fact, recent 
findings indicate that in the vicinity of the beta amyloid 
plaque, there is a decrease in the number of gabergic 
neurons (Garcia-Marin et al. 2009) which could increase 
hyperexcitability. Thus, the greater the excitability, the 
greater the likelihood of neuronal synchronization and, 
as a consequence, a profile of widespread connectivity 
as is the case of the MCI patients. 

The internal cognitive task introduced here differs 
from the most commonly employed cognitive para
digms, because of the absence of external stimuli, which 
requires inhibition from both the environment and inter
nal thoughts. This would suggest that the MCIs had 
difficulties with top-down control processes during the 
calculation task, since they failed to synchronize in the 
alpha band. Impairment in inhibitory control mecha
nisms may affect the performance of daily living activ
ities, contributing to the patient's progressive inability to 
adapt to the environment and to control for internal 
emotional stimuli (Fujie et al. 2008). Thus, the IDICS 
allows a better comparison with the resting state condi
tion than usual external tasks, as it resembles the resting 
condition more and provides relevant information re
garding the brain network impairment in MCI. 

Limitations of the study 

It is important to note that this study present some limi
tations. First of all, the IDICS task employed here is 
advantageous and novel in that it enables the study of 
brain alterations in MCI independently from the effect of 
external stimuli. However, it has a clear drawback: as an 
internally driven task, its performance is difficult to assess 
externally The consideration of the final number that was 
reached from the subjects after a subtraction exercise 
provides some insight into the task execution, but it is 
not a direct metric of performance. Second, we analyzed 
functional connectivity in classically defined frequency 
bands, with fixed frequency limits: delta Q.-A Hz), theta 
(4-8 Hz), alpha (8-12 Hz), beta (12-30 Hz), and gamma 



(30^5 Hz). However, we did not examine power spec
tra. A future spectral analysis could provide insight on 
how brain rhythms change with the IDICS task and with 
the MCI disease. Third, the analysis was performed in 
sensor space and, therefore, lacks spatial accuracy. Future 
studies in source space could locate the brain areas and 
the networks, as the DMN, involved in functional con
nectivity, changes in MCI. Fourth, as the calculation task 
used requires different cognitive processes, factors such 
as attention could be affecting the task execution. Fifth, to 
propose the MEG as a new potential biomarker, it should 
be compared with the established biomarkers in dementia 
research such as cerebrospinal fluid (CSF) and positron 
emission tomography with Pittsburgh compound B 
(PET-PIB) (Dubois et al. 2010). 
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