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Abstract

Introduction: Great efforts have been made to develop diagnostic methods for precisely screen patients with mild
cognitive impairment (MCI) who will progress to dementia. Many biomarkers have been studied for that. However, their high
costs, small availability and need for invasive procedures sometimes make these biomarkers of limited usefulness. With
the advantages of its low cost and being non-invasive, the P300 evoked potential (EP) is one methods under investigation.

Objective: To assess whether the P300 evoked potential can estimate the risk of MCI progression to Alzheimer’s
dementia (AD).

Methods: Review of the PubMed database using the descriptors: “evoked potentials”, “Alzheimer’s disease” and “mild
cognitive impairment”.

Results: We selected eight among 929 articles after applying the exclusion criteria. From the articles we concluded
that the electrode placed at the parietal region is the most effective and that the latency increase and amplitude decrease
of the electrode reading are related to the higher risk of progression from MCI to a diagnosis of AD. Most of the selected
studies sustain P300 EP to estimate the progression risk from MCI to AD. However, the low number of studies, small
sample size and heterogeneous results are pointed as important limitations.

Conclusion: The P300 represents a promising method to estimate the likelihood of the MCI progression to AD.
However, more studies are needed to support P300 for daily clinical practice.

Keywords: Evoked potentials; P300; mild cognitive impairment;
Alzheimer’s disease

Introduction

Mild cognitive impairment (MCI) is a recent concept and refers to
patients who have a cognitive decline not enough to fill the diagnostic
criteria’s for dementia [1,2]. It is divided into amnestic and non-
amnestic sub-groups. MCI carriers exhibit an annual rate of dementia
progression about 12 percent whereas elderly with preserved cognition
have a rate of 1-2 percent of progression to a diagnosis of dementia. The
risk is higher in the amnestic subtype [3-5].

There has been an increasing interest in studying subjects with MCI,
as a model for the development of early diagnostic tests considering
the upcoming disease-modifying drugs, which could benefit patients
in the initial or prodromic phase of AD [6]. According to the National
Institute on Ageing and the Alzheimer’s Association the biomarkers
based on cerebrospinal fluid (CSF) analysis and functional imaging
methods are highlighted among the more recently incorporated
diagnostics tests for MCI [7].

However, the use of these methods is not universally available
and they can add costs to the diagnosis of MCI and AD. Additionally,
searching for CSF markers requires lumbar puncture, an invasive
procedure, even more technically defiant to be performed in the
elderly [8]. For such reasons developing non-invasive, low-cost and
reproducible diagnostic methods is now a necessity, what rose up the
interest in evoked potentials (EP) recorded by electroencephalography
(i.e. event-related potentials), particularly the component P300, which
is sensitive enough to monitor the brain electrical activity, has neither
cultural nor educational influence has low cost and is non-invasive [9].

EP is brain electrical responses to somatosensorial stimuli, mainly

visual and auditory stimuli, which should be preferably repetitive at
randomized intervals for being processed latter by computers. EP
has amplitudes ranging from a few hundredths to 54V microvolt and
requires a precise electrode positioning and the processing of multiple
stimuli to extract them from the electroencephalographic recordings
(background activity) [10].

The exam should be conducted in an electrical and acoustic isolated
environment and the patient must be seated. The most commonly
used technique for obtaining P300 is through acquisition of auditory
evoked potential. Capturing responses from low-resistance electrodes
(less than 5 KQ) positioned at the frontal, vertex and parietal midline
in relation to the bi-auricular reference using the auditory oddball
paradigm. 300 stimuli are delivered every 1 second, being 20 percent
at 2000 Hz (stimuli rarely identified by the patient) and 80 percent at
750-1000 Hz [11].

After the stimulus, the evoked potentials can be captured with a
delay of 80 to 700 ms [12]. These evoked potentials are classified in
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exogenous potentials (N100, P200, N200) because they are strongly
influenced by the physical characteristics of the stimulus (intensity,
frequency and others) and in endogenous potentials (P300) which
only reflects cognitive skills [13]. The component P300 is defined as the
highest positive peak occurring between 250 and 500 milliseconds after
a rare (occasional relevant-‘target’) stimuli, occurring after the two
negatives components N100 and N200 and the positive component
P200 [11,14].

The auditory P300 is an evoked potential of long latency, which
allows the study of the aural cortex in the central nervous system. It
represents the cortical activity comprising the discriminative, the
integrative and the attention skills, being an excellent indicator of
the cortical processing speed. The P300 raised a strong curiosity in
the research community since it is frequently abnormal in cognitive
impaired patients [15].

Amplitude and latency (time elapsed between onset of stimulus and
emergence of the peak) are calculated for the peak [11]. The component
P300 is influenced by the information processing, such as attention,
stimulus evaluation, judgment, and decision-making [16]. One can
subdivide the component P300 into two sub-components, P3a and
P3b, reflecting different activities as stated by Squires et al (1975) with
the former being more related to passive attention and the latter being
particularly related to active attention and memory [17].

The early components N100 and P200 waves reflect the sensorial
processing and are of low value for the diagnoses or monitoring cognitive
impairment in AD. Otherwise, the N200 and P300, which reflect
the cognitive processing, can be useful for monitoring the cognitive
impairment. The source of N200 is the cortex frontal responsible for
the conscious discrimination, evaluation and selection of stimuli.
[12,18] 'The P300 is generated in many area of the cortex, mainly in
the temporoparietal cortex, and reflects cognitive processes as attention,
recognizing and classification of stimulus, and also work memory and
decision making. Therefore, it is supposed that P300 is more useful than

929 articles selected from the PubMed
database using “Alzheimer disease”
AND “Evoked potentials” AND “Mild

cognitive impairment” as MeSH
descriptors.

N200 in the diagnoses and monitoring cognitive deficit [18].

The component P300 has an increased latency in AD patients
compared to those with preserved cognition, especially in the analysis
of the parietal electrode responses [18]. However, there is no consensus
on the value of P300 for diagnosis of MCI and on its application to
determine the risk of MCI progression to AD [19].

Our objective with the present study is to assess whether the P300
evoked potential can contribute to estimate the risk of MCI progression
to AD.

Methods

We conducted a search in the PubMed database in June 2015 using
the MeSH descriptors: “evoked potentials”, “Alzheimer disease” and
“mild cognitive impairment”. We first selected meta-analysis and
systematic review studies, founding ten articles, with two meta-analyses,
one of which dealing with the P300 evoked potential. Starting from
these meta-analyses we used the instrument “see all” until saturation
of new scientific studies regarding the objective of the present study.
We ended curbing the selection of articles to systematic reviews, meta-
analyses, cohort and case-control studies, written in English, Spanish
or Portuguese. Cross-sectional studies, case reports, articles published
in other languages were excluded, also as articles using EP but not the
P300 component and articles exclusively reporting MCI progression
to non-Alzheimer dementia. The article selection flowchart for this
review is depicted in Figure 1.

Results

A total of 929 studies were initially found, resulting in 16 articles
for full reading after evaluation of the abstracts. Of these, we selected
eight articles who investigated the role of P300 evoked potential for
assessing the risk of MCI progression to AD, seven being observational
studies and one meta-analysis. Table 1 describes the sample and the
methodological features of the seven observational studies.

913 articles were excluded after reading

16 articles were selected for
full reading

title and abstract as they did not meet
the inclusion criteria.

Articles excluded by the following

reasons:
+ 1 study was a non-systematic review

8 articles were selected
for review

* 2 study did not address P300 evoked potential

* 1study involved only patients younger than 65
years old

+ 1study did not include MCI subjects

+ 3 studies were cross-sectional

Figure 1: Flowchart of article selection for the literature review (Mild cognitive impairment — MCI)
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Sample Type of Study

Gironell A, et al 2005 116 controls

44 elderly controls, 22
adult controls, 41 MCI and
14 AD

Golob EJ, et al 2007 Prospective cohort

Papaliagkas V, et al

2008 91 MCI and 30 controls

Prospective cohort

20 AD, 18 MCl and 14

Lai CL, et al 2010
controls

Prospective cohort
Papaliagkas VT, et al
2010

Bennys K, et al 2011

Papaliagkas VT, et al
2011

20 MClI Prospective cohort

71 MCI and 31 controls Prospective cohort

22 MCI and 30 controls Prospective cohort

Nested case-control and cohort

Follow-up period | Diagnostic criteria for MCI Diagnostic criteria for AD

DSM-IV and NINCDS-

27.7 £ 4 mo Petersen’s criteria ADRDA
6 yrs Petersen’s criteria NINCDS-ADRDA
23 +3 mo Petersen’s criteria DSM-IV
12 mo Petersen’s criteria DSM-IV and NINCDS-
ten ADRDA
11+5.9mo Petersen’s criteria DSM-IV
12 mo Petersen’s criteria uninformed
14 £5.2 mo Petersen’s criteria DSM-IV-TR

Alzheimer’'s dementia: AD; Mild cognitive impairment: MCI; Month: mo; Diagnostic and Statistical Manual of Mental Disorders: DSM; NINCDS-ADRDA: National Institute
of Neurological and Communicative Disorders and Stroke and the Alzheimer's disease and Related Disorders Association

Table 1: Methodological aspects of the selected studies.

Gironell A et al. performed a nested case-control study in which
116 patients with subjective memory complaints but normal cognition
were recruited. These individuals were followed up for a mean period
of 27.7 + 4 months and their cognition was evaluated for outcome.
After this period, 30 patients had normal cognition, 30 progressed to
MCI, 28 progressed to AD, and six progressed to other dementias. The
follow-up of 22 patients were not completed. The authors compared
the EP results obtained at the beginning and at the end of the 12 and 24
months of follow-up. [16]. There was a significant difference between
the groups at baseline and after 24 months. However, the P300 latency
values were similar in controls and in MCI patients, but they were
increased in patients that evolved to AD. Therefore, despite an increase
in the latency is associated with a 3.75 greater risk for developing AD,
there is no latency patterns related to a MCI diagnoses. These results
suggest that MCI patients with higher latency have a greater risk to
evolve to AD [16].

The limitations of the study are related to the fact that only results
from the electrode placed on the parietal region were assessed and the
P300 amplitude was not evaluated. In addition, part of the AD patients
were taking anticholinesterase drugs, what could increase the risk of
false-positive results [16].

Lai CL et al conducted a prospective cohort study involving 20
patients with mild AD (Clinical Dementia Rating Scale=1) who were
taking donepezil, 18 patients with MCI and 14 controls who were
followed up for 1 year. At the end of the study, the authors demonstrated
that the MCI group exhibited changes in the P300 latency using vertex
and parietal electrodes [20]. In both electrodes, the authors observed
an increased latency after the follow up period only in AD group.
Therefore, it is possible that the increased latency observed at the vertex
and parietal electrodes could be associated with progression from MCI
to AD [20].

The cognitive abilities screening instrument (CASI) was employed
for the cognitive diagnosis. However, there was a possible selection bias
in the formation of the study groups, since the questionnaire had not
been validated at the time of the study. Other limitations are the small
sample size and the short follow-up period to investigate cognitive
changes [20].

Papaliagkas V et al. followed up 91 MCI patients and 30 controls
for 14 months, with five elderly patients converting to AD. Part of
the sample had age below 65 years old. P300 evoked potentials were
assessed by using parietal and vertex electrodes. The study reports
that neuropsychological tests were performed during the follow-up of

the patients. Nevertheless, only the mini-mental state exam (MMSE)
was cited. After the 14-month follow-up period, it was found that
MCI patients exhibited significant increase in latency and decrease in
the amplitude threshold (p=0.05). However, patients with MCI who
converted to AD had no increase in P300 latency and amplitude. These
results suggest that the changes in P300 latency and amplitude could
not be associated with progression from MCI to AD [21].

Papaliagkas VT et al carried out a prospective cohort study with
53 MCI patients who had been submitted to P300 evoked potential
and dosage of the level of CSF f - amyloid (1-42) obtained by lumbar
puncture. The same electrode positioning cited in the study by
Papaliagkas VT et al (2008) was evaluated. Of all the patients, only 20
were prospectively followed up during a period of 11 + 5.9 months,
with five progressing to AD and the others remaining cognitively
stable. As a result, it was observed that a higher latency of P300 was
associated with a higher risk of AD progression [22].

Another study by Papaliagkas VT et al is an analysis of a subgroup
of subjects included in an earlier work (Papaliagkas VT et al) which
was followed up for 23 + 3 months, comprising 22 MCI patients and
30 controls [21, 22]. Three MCI patients progressed to AD. The same
electrode positioning was evaluated as in the earlier studies [21,22].
During the follow-up period, it was observed a significant increase in
latency and a non-statistically significant decrease in the amplitude of
the P300 potential. The MCI patients who progressed to AD exhibited
no significant change in latency and amplitude compared to those who
did not [23].

It is noteworthy that the above-cited study by Papaliagkas VT et al
is an analysis of a subgroup of patients who had been followed up by
the same authors in Papaliagkas VT et al [21,22]. The same occurs with
the other study by Papaliagkas VT et al regarding the 2008 publication
[21, 23]. It is also observed that the sample sizes were very small in two
studies [21,22] and the follow-up periods too short, the only exception
being the 2011 study, which adds up to 23 + 3 months of follow-up
[21-23].

Bennys K et al following up for an year a prospective cohort,
comprising 71 MCI patients and 31 controls without any cognitive
complains, observed a worsening of the symptoms in 41 patients
(58%) of the MCI group, although not corresponding to a progression
to dementia. Among these 41 patients, 17 had a progression to
AD. Comparing the P300 results of patients, which had the MCI
progression with those that remained stable, they could demonstrate
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that the increased P3b latency in the parietal region was related to AD
conversion [24].

In Bennys K et al study, the small sample size as well as the formation
of even smaller subgroups, reducing the power of the findings despite
the significant P values are important limitations. In addition, the
criteria for defining AD progression was objectively described such as
only a 3-point decline in the MMSE [24].

Golob et al prospectively followed up, for 6 years, 134 patients:
66 controls (22 younger than 65 years), 41 with MCI (28 with single-
domain amnestic MCI and 13 with multiple-domain amnestic MCI)
and 14 with AD. Among the 41 MCI patients, 15 converted to AD at
an annual rate of 10%, mainly from the multiple-domain amnestic
MCI subgroup. The P300 evoked potential was assessed by using
three electrodes (frontal, vertex and parietal). The MCI patients who
converted to AD had intermediate latency compared to the groups
with AD patients and those with stable MCI. However, no statistically
significant difference in latency was found between the group of MCI
patients who converted and the group with stable MCI [25].

In this study, approximately 50% of the MCI patients were on
anticholinesterase drugs, what could have affected the results of P300.
Nevertheless, statistical adjustments were made to compensate this.
The small sample of MCI patients is another limitation of the study
[25].

In a Meta-Analysis, conducted by Jiang S et al, 13 studies
were selected among 367. In the selected studies, only four had a
prospectively approach while the others were done using a cross-
sectional design 15. With regard to the cross-sectional studies it
was observed that the P 300 latency had a significant P-value when
comparing the normal cognition, MCI and AD groups, while the P300
amplitude was significant only when the normal cognition and MCI
groups were compared. It was also observed that only the parietal
electrode was significant for the amplitude, otherwise the parietal and
vertex electrodes were statistically significant for the latency. They
equally observed that the auditory stimulus was superior to visual
stimulus for P300 acquisition, which can be initially explained by the
fact that auditory stimuli are more studied and less heterogeneous than
the visual results [19].

The four prospective studies selected in the meta-analysis had an
initial sample of 135 patients with MCI, decreasing to 124 after one
year of follow-up. The works by Golob EJ et al, Papaliagkas V et al and
Papaliagkas V et al. [21,23,25] were not included in this meta-analysis.
The results showed that the decreased amplitude and the increased
latency of P300 could anticipate not only the progression of MCI
(not necessarily to dementia), but also confirm a more severe clinical
presentation. Nevertheless, the authors of the meta-analysis detected a
trend bias for publishing only studies with positive findings [19].

Discussion

The selected studies showed that the electrode placed on the parietal
region produced the best results for assessment of the MCI progression.
The results obtained with this electrode pointed to an increased latency
and decreased amplitude of P300 as a predictive evidence of disease
progression. However, most of the studies did not necessarily evaluate
the progression of MCI to AD but only the cognitive worsening, even
when it was not progressing to AD. Therefore, it remains obscure
whether changes in both the amplitude and the latency of P300 are
sensitive enough to be used for detection of MCI conversion to AD
[16, 19-25].

The small sample sizes and the relatively short follow-up period
of most of the selected studies jeopardize the power of the announced
results [20, 22-24]. The high heterogeneity found among the studies
comprised in the meta-analysis conducted by Jiang S et al (2015) could
endanger its results. They also pointed to a trend for publishing studies
only with positive results [19]. It is not possible either to know the
sample size of the eight articles selected in our study, since the three
studies published by Papaliagkas VT et al had used the samples [21-23].

Another interesting aspect is that a significant part of the studies
demonstrated both an increase in the latency and a decrease in the
amplitude of P300 in MCI subjects during the follow-up period
[16,19,20,23,25]. However, the results are discordant regarding the
role of P300 evoked potential in discriminating between stable MCI
patients and those with MCI converting to AD. Bennys K et al.,
Papaliagkas VT et al and Gironell et al reported that changes in the
P300 evoked potential can be used to estimate which MCI patients are
more likely to progress to AD [16,22,24]. Nevertheless, in the cohort
studies conducted by Golob E]J et al, Papaliagkas V et al and Papaliagkas
VT et al, no changes in amplitude and latency of P300 were observed
[21,23,25].

The limitations of the present study rise from the fact that only the
PubMed database was searched and studies published in languages
other than English, Spanish and Portuguese were also excluded, which
can determine the absence of relevant scientific articles related to the
theme.

The selected studies support the P300 evoked potential can be
used to predict the risk of MCI patients to progress AD. The described
limitations are frequently associated to methodological problems and
do not exclude the possible efficacy of P300 [9]. Therefore, future
studies can confirm its utility to define prognosis in MCI patients.

We have concluded that the P300 evoke potential, which is non-
invasive, low-cost and insensitive to cultural aspects, is a promising
method for predicting the chance of MCI progression to AD.
Nevertheless, there is still a lack of evidence for the routine use of this
method, limiting it to research use only. Therefore, more studies are
needed to define the application of P300 as a diagnostic method for
determination of the MCI progress to AD.
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