AGE (2012) 34:497–506
DOI 10.1007/s11357-011-9241-5

Early dysfunction of functional connectivity in healthy
elderly with subjective memory complaints
Ricardo Bajo & Nazareth P. Castellanos & Maria Eugenia López &
José María Ruiz & Pedro Montejo & Mercedes Montenegro & Marcos Llanero &
Pedro Gil & Raquel Yubero & Evgenia Baykova & Nuria Paul & Sara Aurtenetxe &
Francisco Del Pozo & Fernando Maestu

Received: 5 November 2010 / Accepted: 18 March 2011 / Published online: 6 April 2011
# American Aging Association 2011

Abstract It is still an open question whether subjective memory complaints (SMC) can actually be
considered to be clinically relevant predictors for the
development of an objective memory impairment and
even dementia. There is growing evidence that
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suggests that SMC are associated with an increased
risk of dementia and with the presence of biological
correlates of early Alzheimer's disease. In this paper,
in order to shed some light on this issue, we try to
discern whether subjects with SMC showed a different profile of functional connectivity compared with
subjects with mild cognitive impairment (MCI) and
healthy elderly subjects. In the present study, we
compare the degree of synchronization of brain
signals recorded with magnetoencephalography between three groups of subjects (56 in total): 19 with
MCI, 12 with SMC and 25 healthy controls during a
memory task. Synchronization likelihood, an index
based on the theory of nonlinear dynamical systems,
was used to measure functional connectivity. Briefly,
results show that subjects with SMC have a very similar
pattern of connectivity to control group, but on average,
they present a lower synchronization value. These results
could indicate that SMC are representing an initial stage
with a hypo-synchronization (in comparison with the
control group) where the brain system is still not
compensating for the failing memory networks, but
behaving as controls when compared with the MCI
subjects.
Keywords Subjective memory complaints . Mild
cognitive impairment . Magnetoencephalography .
Alzheimer's disease . Functional connectivity .
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Introduction
Subjective memory complaints (SMC) represent a
subjective noticeable decline from previous level of
memory functioning (Vestberg et al. 2009) and are
common in older people both with and without
objective evidence of memory impairment (Mitchell,
2008a). It is estimated that between 17% and 57% of
elderly people report them (Ganguli et al. 2004;
Jessen et al. 2007; Mitchell 2008b), with their
occurrence being more frequent in females (Gagnon
et al. 1994). This percentage increases with age, rising
to 43% for those aged 65–74, 51% for those aged 75–
84, and 88% for those aged 85 and older (Bassett and
Folstein 1993). A meta-analysis made by Mitchell
(2008b) indicates that SMCs are present in 42.8% of
patients with dementia, in 38.2% of those with mild
cognitive impairment (MCI) and in 17.4% of healthy
elderly controls.
Over recent years, many studies involving different
populations have reported that memory complaints
appear to be associated with depression, mainly in
samples based on volunteers and self-referrals (Jonker
et al. 2000). However, in community-based samples,
a significant relationship was observed between selfreported memory problems and poor memory performance independently of depressive symptomatology
(Jonker et al. 1996). Apart from the depression, the
SMC have also been related to anxiety and personality traits (Jorm et al. 2004). However, there is also
growing evidence to suggest that SMC are associated
with an increased risk of dementia and with the
presence of biological correlates of early Alzheimer's
disease (Rodda et al. 2009).
Some cross-sectional studies have found associations between SMC and objective memory performance (Jonker et al. 1996; Gagnon et al. 1994),
although others did not (Bolla et al. 1991; Minett et
al. 2007). Nevertheless, longitudinal studies seem to
show this relationship more clearly (Tobiansky et al.
1995; Schmand et al. 1996)(see Jonker et al. 2000 for
a review). Although subjects with objective memory
impairment normally report SMC, there are other
elderly subjects that perform as well as healthy
controls on memory tests but still report complaints
about their memory. It is still an open question
whether these SMCs can actually be considered to
be clinically relevant predictors for the development of
an objective memory impairment and even dementia
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(Roberts et al. 2009; Riedel-Heller and Matschinger
1999; Glodzik-Sobanska et al. 2007; Treves et al.
2005; Wang et al. 2004).
Thus, although differences are not found in
neuropsychological test scores in comparison with a
‘healthy’ group, some neuroimaging studies in people
with SMC showed a smaller entorhinal cortex (Jessen
et al. 2006), a reduced hippocampal volume (Van der
Flier et al. 2004), reduced metabolism (Mosconi et al.
2008) and subcortical parieto-occipital white matter
lesions (Stenset et al. 2008). Studies of brain activity
during cognitive tasks note that subjects with SMC
present an increase in activity in comparison with the
control group (Rodda et al. 2009; Rodda et al. 2010;
Maestu et al. 2010; Jessen et al. 2010; Elfgren et al.
2010; Gallassi et al. 2010; Benito-León et al. 2010;
Luck et al. 2010). All these studies have evaluated the
spatial or the spatiotemporal profiles of activity, but
none of them assess whether the functional connectivity between brain regions was spared or not in
subjects with SMC. Functional connectivity measures
the statistical interdependencies between two brain
signals and seems to be related to the brain ability to
communicate information between brain regions
(Varela et al. 2001). Functional connectivity is,
probably, an essential tool for the study of brain
functioning, with its deviation from healthy reference
being an indication of lesion (Schnitzler and Gross
2005, Guggisberg et al. 2008). The evaluation of
functional connectivity in subjects with SMC is a
relevant issue due to the ideas developed by Braak
and Braak (Braak and Braak 1991), which indicate
pathophysiological changes up to decades before the
diagnosis of dementia. Furthermore, the idea that
views Alzheimer's disease (AD) as a disconnection
syndrome (Morris and Becker 1994) has not yet been
tested in subjects with SMC.
In the present study, we try to overcome some of
the limitations of the previous studies by (1) removing
variables that could confound the origins of SMC
such as psychiatric conditions; (2) using a structured
questionnaire with more than 20 questions as opposed
to a list of 2 or 3 questions used in most previous
studies; (3) recording the brain magnetic activity with
magnetoencephalography (MEG) during a memory
task in three different groups of elderly people:
healthy volunteers with neither subjective nor objective memory impairment, subjects with SMC without
objective memory impairment and MCI subjects with
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both subjective and objective memory impairments
with the aim to evaluate differences in brain activity
between these three groups; (4) evaluating the
functional interaction between brain regions in different frequency bands through the use of MEG signals.
We predict that subjects with SMC will show a
differential profile of functional connectivity compared with both MCI and healthy elderly subjects
indicating some preliminary signs of neurophysiological impairment.

Methods
Participants
Fifty-six, right handed, elderly participants recruited
from the Geriatric Unit of the ‘Hospital Universitario
San Carlos Madrid’ and the ‘Centro de Prevención del
Deterioro Cognitivo, Ayuntamiento de Madrid’, participated in the study. Participants were divided into
three groups based on their clinical profiles: 19
participants were considered as multidomain MCI
patients, 25 as elderly control participants and 12 as
SMC participants.
The SMC group was composed of 12 (9 women,
average 72.5 years old) elderly participants who
came, on their own initiative, to the ‘Centre for the
Prevention of Cognitive Decline’ and reported experiencing memory deficits. This is a public health
centre in Madrid (Spain), which runs memory training
programmes for both healthy elders and MCI patients.
Participants for the SMC group were selected following the criteria proposed by Abdularab and Heun
(2008): (1) Patient stating that their memory function
has deteriorated compared to earlier stages in life; (2)
time of onset being in adulthood; (3) providing a valid
example; (4) memory deterioration confirmed by an
informant (close relative or friend); (5) normal
objective memory performance. The assessment was
based on structured interview and a neuropsychological assessment. To ensure that memory complaints
were not caused by a psychiatric condition, all
patients were interviewed by an experienced psychiatrist (PM) and had to score below 9 in the geriatric
depression scale (Yesavage and Brooks 1991). Additionally, to confirm the memory complaints, participants from this group had to score higher than 13
(mean 27.6) in the memory failures of everyday test
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(Sunderland et al. 1983). Given that the association
between subjective ratings and future cognitive
decline is stronger when complaints have been
confirmed by an informant (Farias et al. 2005), we
required confirmation from relatives or close friends.
None of these patients met the criteria for MCI and
had no history of psychiatric or neurological disorders. Most SMC patients were following educational
courses at local social centres.
MCI diagnosis was established according to the
criteria proposed by Petersen et al. (Grundman et al.
2004; Petersen 2004). Thus, MCI patients fulfilled the
following criteria: (1) cognitive complaint corroborated
by an informant (a person who stays with the patient at
least for half a day at least 4 days a week); (2) objective
cognitive impairment, documented by delayed recall in
the logical memory II subtest of the revised Wechsler
Memory Scale (score ≤16/50 for patients with more
than 15 years of education; score ≤8/50 for patients
with 8–15 years of education); (3) normal general
cognitive function, as assessed by a clinician during a
structured interview with the patient and an informant
and, additionally, a mini mental state examination
(MMSE) score greater than 24; (4) relatively preserved
daily living activities as measured by the Lawton scale;
(5) not sufficiently impaired, cognitively and functionally to meet criteria for dementia. Age and years of
education were matched to the SMC group. According
to their clinical and neuropsychological profile, all
patients in this group were considered multi-domain
MCI patients (see (Petersen 2004). As for the geriatric
depression scale, none of the MCI showed depression
(score lower than 9) (Yesavage and Brooks 1991).
Twenty-five age-matched healthy elderly participants were included as a control group. Age and years
of education were matched to the SMC group
(see Table 1). To confirm the absence of memory
complaints, a score of 0 was required in a fourquestion questionnaire (see (Mitchell 2008a)). None
of the participants had a history of neurological or
psychiatric condition. To summarize, MCI patients
showed both subjective and objective memory impairment, SMC participants presented only with
memory complaints with a normal score on the
memory test and healthy elders showed neither
subjective nor objective memory impairment.
MCI patients, SMC subjects and healthy participants underwent a neuropsychological assessment, in
order to establish their cognitive status with respect to
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Table 1 Distribution of age and cognitive test scores in each
group
Age

MMSE

GDS

LM2

Hits

Control

72±8

29.5±0.7

1

27±7

100±25

SMC

72±6

29±1

1

24±10

109±22

MCI

75±3

28±1

3

14±6

102±31

MMSE mini mental state examination, GDS global deterioration
scale, LM2 logical memory delayed free recall, Hits mean of
correct responses to the target stimuli, SMC subjective memory
complaints group, MCI mild cognitive impairment group

multiple cognitive functions. Specifically, memory
impairment was assessed by the logical memory test
(immediate and delayed) from the Wechsler Memory
Scale-III-R. Two scales of cognitive and functional
status were applied as well: the Spanish version of the
MMSE (Lobo et al. 1979), and the Global Deterioration Scale/Functional Assessment Staging GDS/
FAST. Participants were selected so that the number
of years of education was as similar as possible for
the three groups (MCI patients 8.5, SMC patients 8.3
and control participants 8.9 on average). Before the
MEG recording, all participants or their legal representatives gave written informed consent to participate in the study, which was approved by the local
ethics committee.
Stimuli and task
MEG scans were obtained in the context of a
modified version of the Sternberg's letter-probe task
(deToledo-Morrell et al. 1991; Maestu et al. 2001) in
which a set of five letters was presented and
participants were asked to keep the letters in mind.
After the presentation of the five-letter set, a series of
single letters (500 ms in duration with a random ISI
between 2 and 3 s) was introduced one at a time, and
participants were asked to press a button with their
right hand when a member of the previous set was
detected. The list consisted of 250 letters in which
half were targets (previously presented letters) and half
distracters (not previously presented letters). Participants undertook a training series before the actual test,
which did not start until the participant demonstrated
that he/she remembered the five-letter set. Letters were
projected through a LCD video-projector (SONY VPLX600E), situated outside the shielded-room onto a series

of in-room mirrors, the last of which was suspended
approximately 1* metre above the participant's face.
Letters subtended 1.8° and 3° of horizontal and vertical
visual angle, respectively.
MEG data collection
The MEG signal was recorded with a 254-Hz
sampling frequency and a band pass of 0.5–50 Hz,
using a 148-channel whole-head magnetometer
(MAGNES® 2500 WH, 4-D Neuroimaging) confined
in a magnetically shielded room. An environmental
noise reduction algorithm using reference channels at
a distance from the MEG sensors was applied to the
data. Thereafter, single-trial epochs were visually
inspected by an experienced investigator, and epochs
containing visible blinks, eye movements or muscular
artefacts were excluded from further analysis.
Artefact-free epochs from each channel were then
classified into four different categories according to
the subject's performance in the experiment: hits, false
alarms, correct rejections and omissions. Only hits
were considered for further analysis because we were
interested in evaluating the functional connectivity
patterns which support recognition success. Thirtyfive epochs (1 s each one) were used to calculate
synchronization likelihood (SL) values. This lower
bound was determined by the participant with least
epochs. To have an equal number of epochs across
participants, 35 epochs were randomly chosen from
each of the other participants.
In-house Fortran code was used to implement the
SL algorithm as described by Stam and van Dijk
(2002). The SL algorithm was applied to the 35
extracted artefact-free 1-s epochs for each subject. For
each frequency band, optimal SL parameter values
were chosen according to Montez et al. (2006) for
each frequency band and 1-s length:
Lag : L ¼ fs =ð3 » HFÞ;
Embedding dimension : M ¼ 3 » HF=LF;
Theiler window : W1¼ 2»L»ðM  1Þ;
Pref below 0:05;
Window length : W2 > 10=Pref þ W1  1:

Where fs sampling rate, and HF and LF are the highand low-frequency bands, respectively.
The following frequency bands were considered:
alpha1 (α1, 8–11 Hz), alpha2 (α2, 11–14 Hz), beta1
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(β1, 14–25 Hz), beta2 (β2, 25–35 Hz), gamma (γ,
35–45 Hz). The SL index was not computed for bands
under 8 Hz as the epoch length and sampling rate do
not allow an accurate enough estimation (Montez et
al. 2006).
All epochs were digitally filtered off-line at the
above frequency bands. Subsequently, the SL was
calculated for each of the 35 1-s epochs with
148*147/2 channel pairs for each frequency band,
unfiltered epochs and each subject (25 controls, 19
MCIs and 12 SMCs).
Statistical analysis
To compare the level of SL between the three groups,
SL values were first averaged across epochs for each
participant and channel pair. Then, false discovery
rate Benjamini and Yekutieli 2001; Genovese et al.
2002) was applied to find channel pairs with
significant differences between each couple of groups
(MCI vs. control, MCI vs. SMC and control vs.
SMC). For each channel pair, a between-groups
Kruskal–Wallis (non-parametric) test was calculated.
From the resulting p values, a significance threshold
was calculated with a corresponding q=0.2 using the
type I false discovery rate implementation.

Fig. 1 Significant differences in synchronization likelihood between electrode
pairs for different frequency
bands. (mild cognitive impairment > control and mild
cognitive impairment <
control). False discovery
rate type I was applied
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Results
MCI vs. control participants
Comparing these two groups (see Fig. 1), MCI
patients showed a clear cluster of higher synchronization values over the anterior and central regions in
all frequency bands. Additionally, MCI patients
showed higher inter-hemispheric SL values than the
control group between left and right temporo-frontal
sensors in all frequency bands (except in band α2).
Two non-functionally related clusters of local
interactions showed higher SL values in the control
group: one among left temporal sensors and another
one in central-posterior channels. Both of them were
found in all frequency bands. Additionally, mainly in
γ band, there is a higher posterior synchronization in
controls compared to MCI patients.
MCI vs. SMC
Functional connectivity profile is very similar to the one
showed previously when MCI and controls were
compared. However, in the case of MCI/SMC comparison, there is an increased number of statistical differences. This increase means that the SMC group
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Fig. 2 Significant differences in synchronization likelihood between electrode
pairs for different frequency
bands. (mild cognitive
impairment > subjective
memory complaints and mild
cognitive impairment <
subjective memory
complaints). False discovery
rate type I was applied

presents, on average, lower synchronization than control
group when compared with MCI patients (see Fig. 2).
Control participants vs. SMC
When comparing control group and SMC, only the
control group showed higher synchronization values
Fig. 3 Significant differences in synchronization likelihood between electrode
pairs for different frequency
bands. (control > subjective
memory complaints). False
discovery rate type I was
applied

(see Fig. 3). These differences achieve statistically
significant values over the anterior regions, the left
temporal lobe and the posterior regions. All these
differences were limited to frequencies between α1
and β2 as differences in the γ band did not achieve
statistically significant values. Such higher synchronization tends to be increased in posterior regions and
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in the frontal region, mainly in the α2 frequency
band.

Discussion
In this paper, we try to show whether subjects with
SMC but not objective memory impairment,
showed a different profile of functional connectivity compared with subjects with MCI and healthy
elderly subjects. In different frequency bands (α to
γ), SMC subjects showed lower synchronization
values than MCI and healthy elderly subjects,
although with a different topology. Conversely,
SMC subjects showed only higher synchronization
values in comparison with the MCI subjects. In
fact, their profile, in comparison with the MCI
subjects, was very similar to the one showed when
MCI and controls were compared. Regardless of
whether or not we understand SMC as the initial
stage of a cognitive continuum decline, all these
results could indicate that SMCs are representing
an initial stage with a hypo-synchronization (in
comparison with the control group) where the
brain system is not still compensating for the
failure of the memory networks, but behaving as
controls when compared with the MCI subjects
(see Fig. 4).
When functional connectivity profiles from subjects with SMC were compared with those of the MCI
group, SMC showed, in all frequency bands, both a
hypo and hyper-synchronization, but with a different
network topology. Thus, MCI subjects showed higher
synchronization over the anterior and central regions
as well as in the left and right temporal regions. In the
β2 and γ, this profile of higher synchronization is
even more widely distributed to include the posterior
regions bilaterally. This could indicate that at the time
when the memory impairment is severe enough to be
detected by memory test, MCI subjects tend to
integrate information between the left and right
frontal lobes to develop better memory strategies
(Cabeza et al. 2002) and thus achieve a similar level
of performance to the rest of the groups. Conversely,
subjects with SMCs showed higher synchronization
than MCIs in the central and left temporal sensors. It
is interesting to point out that these profiles of
functional connectivity are mirroring those found
when comparing MCI and controls. Thus, subjects

Fig. 4 Cognitive decline continuum: from pathology to
compensatory phenomena. Although SMC subjects show a
different profile of functional connectivity pattern than MCI
and healthy controls, synchronization changes are focused on
the anterior, central, posterior and left temporal regions. MCI
subject showed a hyper-synchronization (compensatory effect),
whereas SMC a hypo-synchronization (the brain is not still
compensating for the fails of the memory networks, being a
pathological or dementia effect). AD patients show an
impairment of their functional connectivity (Stam et al. 2009)

with SMC behave this time as controls demonstrating
that they have less severe neurophysiological impairment than that showed by the MCI subjects.
When functional connectivity profiles were compared between SMC and controls, the control group
showed higher synchronization values. These differences achieve statistically significant values over the
anterior regions, the left temporal lobe and the
posterior regions. All these differences were limited
to frequencies between α1 and β2 since differences in
the γ band did not achieve statistically significant
values. There are some more differences in the profile
of synchronization between controls and SMC. For
example, in the β band, while the comparison
between controls and MCI showed higher synchroni-
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zation in favour of the MCIs over anterior and central
regions, these patterns are widely distributed when
comparing MCIs and SMC, which accounts for their
diminution in the synchronization values along the
whole sensor area. This hypo-synchronization could
underlie the memory difficulties in the day-to-day
activities reported by SMC subjects. Thus, the
difficulties in achieving a correct coupling between
brain regions diminish the probability of an efficient
transmission of information (Stam et al. 2009) leading
to memory failures. A compensation mechanism
showed by MCI subjects, seems to be unnecessary
at this point since memory difficulties are not yet
severe enough.
As far as we know, there are only three previous
papers published with functional neuroimaging in
patients with SMC (Rodda et al. 2010; Rodda et al.
2009; Maestu et al. 2010). In all three of them, SMC
subjects showed higher activation than healthy controls. This result seems to be contradictory with the
profile of lower synchronization found in this study.
These three previous papers used measurements of
the magnitude of the signal, such as the increased or
decreased blood flow or power of the magnetic field
in particular regions of the brain. However, none of
them calculated functional connectivity between brain
regions. The fact that one particular brain region
increases in blood flow or magnetic field does not
necessarily imply that it is having better communication with other brain regions. Furthermore, functional
connectivity is evaluating how brain regions are
communicating with each other rather than just
assessing the magnitude of the signal in a particular
brain region. So here, we try to test the integration
rather than the segregation of the functional activity.
Thus, it seems like while subjects with SMC are
increasing their local activity, they fail in their ability
of communicating information between brain regions.
In any case, we think that fMRI and MEG findings
are complementary because they may suggest the
presence of early functional changes in SMC.
In conclusion, the profiles of functional connectivity described in this work, point toward a model of
how the brain mechanisms behave in different stages
of a possible cognitive decline continuum. Taking the
healthy elderly subjects' profile of functional connectivity as a standard at the SMC stage, subjects show a
hypo-synchronization of their memory-related networks and at the MCI stage, memory networks
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increase their coupling as a compensatory mechanism
(Bajo et al. 2010) and finally AD patients show an
impairment of their functional connectivity (Stam et
al. 2009). Thus, at the stage of SMC, compensatory
mechanisms are still not necessary because the
memory deficit is not severe enough to be detected
by memory tests and does not dramatically disturb
daily living activities. However, when the memory
impairment is severe enough to be detected by the
neuropsychological assessment, then the brain compensatory mechanisms are required to enhance information communication by means of synchronization.
Finally, due to the severe damage of the biochemical
and anatomical structure of the brain at the AD stage,
all these compensatory mechanisms are no longer
possible. Future studies should consider a follow-up
of the SMC subjects to determine which of these
subjects develop an objective memory impairment,
with the aim of describing profiles of prediction from
SMC to MCI.
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