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Abstract Introduction: The objective of the study is to validate attention and memory tasks that elicit event-
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related potentials (ERPs) for utility as sensitive biomarkers for early dementia.
Methods: A 3-choice vigilance task designed to evaluate sustained attention and standard image
recognition memory task designed to evaluate attention, encoding, and image recognition memory
were administered with concurrent electroencephalography acquisition to elicit ERPs in mild cogni-
tive impairment (MCI) and healthy cohorts. ERPs were averaged, and mean or maximum amplitude
of components was measured and compared between and within cohorts.
Results: There was significant suppression of the amplitude of the late positive potential in the MCI
cohort compared with the healthy controls during 3-choice vigilance task, predominantly over occip-
ital and right temporal-parietal region, and standard image recognition memory task over all regions.
During standard image recognition memory task, diminished performance showed strong correlation
with electroencephalography measurements. The old/new effects observed in the healthy controls
cohort correlated with performance and were lost in MCI.
Discussion: ERPs obtained during cognitive tasks may provide a powerful tool for assessing MCI
and have strong potential as sensitive and robust biomarkers for tracking disease progression and
evaluating response to investigative therapeutics.
� 2018 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Alzheimer’s disease (AD) and other dementias can be
particularly difficult to distinguish in the early stages,
when cognitive and/or motor impairments are subtle and
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often subclinical in presentation although critically impor-
tant differences exist in the underlying pathophysiological
processes of these diseases [1]. Early characterization is
critical to initiate effective interventions, particularly treat-
ments with purported “disease-modifying” effects [2]. In-
vestigators of novel treatment options for AD and other
neurodegenerative diseases urgently need sensitive, reliable,
cost-effective, noninvasive tools to quantify cognitive defi-
cits associated with neurodegeneration, preferably in the
earliest detectable stages of the underlying pathophysiolog-
ical process. Neurophysiological metrics including quantita-
tive electroencephalography (EEG) and event-related
potentials reliably measure the neural circuits associated
imer’s Association. This is an open access article under the CC BY-NC-ND
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with cognitive processes and may provide sensitive metrics
for early diagnosis, tracking disease progression, and assess-
ing efficacy of novel interventions.

Event-related potentials (ERPs) are reflections of sum-
mated postsynaptic inhibitory and excitatory membrane po-
tentials primarily generated by cortical pyramidal cells.
Characteristic time-locked ERP waveforms are elicited
in response to sensory, motor, and cognitive events [3].
Components of the waveforms can be used to differentiate
cognitive conditions, making ERP methods ideal for
quantifying cognitive decline in patients with dementia
[4,5]. ERPs track the flow of information from sensory
processing and analysis to response. Early components
(50–200 ms poststimulus) reflect sensory processing of the
characteristics of the stimuli but can be influenced to some
extent by arousal and attention [6,7]. The late ERP
components (P300, N400, P600, and late positive potential
[LPP]) reflect feature evaluation, memory matching, and
processing speed [5,8]. Multiple reports suggest that
abnormal amplitude and latency of the LPP are associated
with cognitive decline [9–11]. The LPP is believed to
reflect memory encoding and retrieval with possible
sources located in the parahippocampal gyrus, medial
temporal lobe, and posterior cingulate regions known to be
affected during the progression of dementia [12].

There exists a strong foundation suggesting the utility of
ERPs as quantitative biomarkers of cognitive processes
[4,5,9–11,13–15]. ERPs reveal abnormal neuronal activity
in AD beginning in the very early stages of the disease
[16]. Word recognition–elicited ERPs show promise as bio-
markers of disease progression and subsequent conversion to
dementia in individuals with mild cognitive impairment
(MCI) [10,11]. During memory tasks, activation of the
LPP during target trials compared with nontarget trials is
indicative of an old/new effect that reflects memory
activation [17]. Thus, the target trials typically have an
increased LPP compared with nontarget that is predominate
over the parietal region [18]. In MCI patients, ERPs elicited
in response to images had diminished old/new effects in
MCI patients versus healthy controls [19]. Using this image
recognition paradigm, ERPs acquired from presymptomatic
carriers of the genetic mutations in presenilin-1 showed sig-
nificant changes in ERP patterns years before the onset of
symptoms [20].

The introduction of novel therapies for AD, MCI, and
Parkinson’s disease dementia will be more efficient if sensi-
tive biomarkers can be identified for early diagnoses and be
suitable for frequent repetition to assess disease progression.
Amyloid positron emission tomography imaging is available
to quantify the accumulation of b-amyloid known to be
associated with AD pathology, but these measurements are
made with limited frequency due to the limited access,
expense, and cumulative radiation dose. ERPs may provide
convenient inexpensive, noninvasive neurophysiological
biomarker for early detection of dementia pathology. ERP
methods could provide sensitive biomarkers independently,
or alternatively, be used as a low-cost accessible prescreen-
ing procedure to identify individuals likely to be positive for
a secondary, more costly and invasive imaging or other
biomarker. Several studies suggest that ERPs are sensitive
to the effects of approved pharmacological treatments for
MCI and AD; ERP measures reliably reflect improvements
in cognition following administration of cholinesterase in-
hibitors [21] and the selective N-methyl-D-aspartate antago-
nist memantine [22].

The present study compared a cohort of patients diag-
nosed with MCI to age-matched healthy control cohort
(HCs) using tasks designed to activate the neural circuitry
underlying the cognitive processes associated with sustained
attention, visual recognition memory, and working memory.
Patients with MCI are particularly interesting as potential
targets for early intervention as MCI is often a transitional
state between normal aging and dementia. However,
although many patients with MCI progress rapidly to de-
mentia, the rate of decline is highly variable, and a signifi-
cant number remains stable or even return to age-
appropriate levels of cognitive capabilities [23].

The participants were administered an ERP test battery
with concurrently recorded EEG consisting of a 3-choice
vigilance task (3CVT) [24,25] designed to evaluate
sustained attention and standard image recognition
memory task (SIR) designed to evaluate attention,
encoding, and image recognition memory. In the SIR,
images were chosen as stimuli to distinguish short term
from semantic memory loss and extend previous results of
image recognition ERP effects [19,20]. The sustained
attention and working memory tasks are designed to assess
neurocognitive functions that may be compromised as a
result of disease, drugs, or behavior (e.g., sleep loss). The
combination of EEG and performance metrics [26–31] is
highly sensitive and specific in quantifying daytime
drowsiness (associated either with sleep deprivation in
healthy participants [29,31,32] or in sleep disordered
patients), predicting susceptibility to sleep deprivation
[32], and assessing neurocognitive deficits in patients with
sleep disorders and benzodiazepine-related driving impair-
ment [31–33]. The present study extends these results to a
MCI cohort to evaluate early, mild dementia. The
objective of the study is to validate the ERP tasks as
sensitive biomarkers for early dementia with potential
utility as a pharmacodynamic end point in assessment of
investigational disease-modifying therapeutics. The investi-
gators hypothesized that patients with MCI will show sup-
pressed LPP for each of the tasks, with more significant
suppression in the memory recognition task.
2. Methods

2.1. Participants

Thirty-five individuals (Table 1) were enrolled in this
study through the Brain Aging and Dementia Laboratory



Table 1

Demographics

Variable Total sample (Mean 6 SEM) HC (Mean 6 SEM) MCI (Mean 6 SEM) P value

Sample size (N) 35 17 18 -

Women 21 12 8 -

Men 15 5 10 -

Age (years) 68.18 6 1.03 67.34 6 1.61 69.02 6 0.35 .52

Education (years) 15.71 6 0.42 16.53 6 0.70 14.94 6 0.45 .06

MMSE Score 28.54 6 0.285 29.18 6 0.20 27.94 6 0.48 .03

MoCA Score 25.63 6 0.49 27.35 6 0.49 24.00 6 0.66 .001

Abbreviations: HC, healthy controls; MCI, mild cognitive impairment; MMSE, Mini–Mental State Examination; MoCA, Montreal Cognitive Assessment;

SEM, standard error of the mean.
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at Massachusetts General Hospital. Participants were
referred for the study through the Massachusetts General
Hospital Alzheimer’s Disease Research Center or were
enrolled from a local longitudinal cohort. All participants
were nondemented with Mini–Mental State Examination
scores greater than 24. Neuropsychological testing was
used to determine clinical status using operational criteria
for MCI as defined previously [34–37]. MCI designation
was based on objective criteria of at least two
performances within a cognitive domain falling one
standard deviation or more below published normative
values. Participants were excluded for significant health
concerns outside of the domains of study including major
neurological or psychiatric disorders (e.g., Parkinson’s
disease, Huntington’s disease, vascular dementia, clinical
stroke, brain surgery, psychosis, severe major depression,
and moderate-to-severe traumatic brain injury) as well as
any substantial systemic illness that would prevent participa-
tion or would be likely to confound study procedures and re-
sults. All individuals had at least a high school education
(12 years). The Partners Healthcare Institutional Review
Board approved this work, and informed consent was ob-
tained from each participant. Demographic and clinical
data for the groups, including age, sex distribution, years
of education, and Mini–Mental State Examination and
Montreal Cognitive Assessment scores, are provided in
Table 1.
2.2. Neurocognitive tests

The 3CVT incorporates common measures of sustained
attention, as in continuous performance task, Wilkinson re-
action time, and psychomotor vigilance task [24,25]. The
3CVT required participants to discriminate between three
geometric shapes: a primary target (triangle) and two
secondary targets (downside triangle and diamond).
During this 20-minute task, each shape was presented one
at a time for 0.2 seconds across varying interstimulus inter-
vals. On presentation of the primary stimulus (target pre-
sented 70% of the time), the participant responded by
pressing the left arrow key. For all other secondary
(nontarget presented 30% of the time), the participant re-
sponded by pressing the right arrow key. Training provided
before the start minimizes practice effects [32,38].

The SIR was designed to evaluate attention, encoding,
and image recognition memory. This task starts with a
training phase, in which participants are presented with a se-
ries of 20 images on the screen for 1.25 seconds with a 1.5-
second interstimulus interval. These images were shown
twice, and participants were instructed to memorize each im-
age to the best of their ability. In the testing phase, the partic-
ipant views images and is instructed to indicate whether each
image was one of the original 20. A total of 100 images were
presented, where target stimuli (20 original images) were
randomly interspersed with nontarget stimuli (80 new im-
ages). During the testing period, each of the 100 images is
presented for 100 ms with a 2.1-second interstimulus inter-
val. This task was approximately 7 minutes in duration
and contained a practice session to ensure participants un-
derstood the instructions, and all were trained to the same
criterion. Images used during the practice session were not
used in the testing session.
2.3. EEG data acquisition

The B-Alert� X24 wireless EEG system (Advanced
Brain Monitoring, Carlsbad, CA) was used for EEG data
acquisition. The B-Alert X24 combines battery-powered
hardwarewith a preconfigured sensor strip to provide a light-
weight and easy-to-apply system for recording high-quality
EEG. In accordance with the International 10-20 system, the
B-Alert X24 provides the following 19 EEG channels: Fz,
F3, F4, Cz, C3, C4, P3, P4, Pz, O1, O2, T5, T3, F7, Fp1,
Fp2, F8, T4, and T6—plus POz. Data was collected at a sam-
pling rate of 256 Hz, with a common mode rejection ratio of
105 dB, and the following band pass characteristics: 0.1 Hz
high-pass filter, 100 Hz fifth order low-pass filter.
2.4. Metrics of performance derived from the cognitive
tasks

Standard measurements for assessment of sustained
attention, target detection, and visual short-term recognition
memory were derived from the 3CVT and SIR tests,
including response reaction time and accuracy (percentage
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of correct responses to stimuli) [39,40]. The F-Measure
metric provides a combined measure of processing speed
and accuracy [27]. The F-Measure was applied to both the
3CVTand SIR data to provide a single performance measure
for each participant:

FeMeasure5 2$
RTs$PCs

RTs1 PCs

Scaled reaction time (RTs) and scaled percent of the cor-
rect responses (PCs) that are used for F-Measure estimation
was adjusted using the following formulas:

RTs 5
1:52RT

1:520:3
2 3CVT task;RTs 5

22RT

220:3
2 IR task

PCs 5
PC

100

where RT and PC represent average reaction time and
percent of the correct responses.
Table 2

Average performance measures for HC and MCI cohorts

Task Variable HC MCI P value

SIR RT (s) 0.77 6 0.03 0.77 6 0.03 .01

PC 87.50 6 2.63 73.63 6 4.7 .01

F-Measure 0.787 6 0.02 0.70 6 0.02 .01

3CVT RT (s) 0.69 6 0.01 0.72 6 0.02 .33

PC 95.7 6 1.4 92.2 6 1.7 .12

F-Measure 0.79 6 0.01 0.76 6 0.01 .13

Abbreviations: 3CVT, 3-choice vigilance task; HC, healthy controls;

MCI, mild cognitive impairment; PC, percent correct; RT, reaction time;

SIR, standard image recognition memory task.
2.5. ERP extraction and processing methods

Participants were excluded from SIR if the data had less
than 10 epochs and from 3CVT if there were less than 30
epochs. Thirty of the 36 individuals were included in SIR
analysis (mean age 68.19; standard deviation 6.57; 53.33%
female), and 34 of the 36 individuals were included in
3CVT (mean age 68.31; standard deviation 6.30; 58.82% fe-
male). Raw EEG signals were filtered between 0.1 and 50 Hz
using a Hamming windowed Sinc finite impulse response fil-
ter (8449 point filtering with a 0.1 Hz transition band width).
For each event type, EEG data were epoched from 1 second
before until 2 seconds after the stimulus onset. Baseline was
removed using data from 100 ms before the stimulus onset.
Trials were rejected if the absolute value of EEG amplitude
in any channel during a window of 250 ms to 1750 ms
(compared with the stimulus onset) was larger than a
threshold level of 150 mV. Independent component analysis
was then applied to epochs of EEG signals, and independent
components were computed using EEGLAB software
(MathWorks, Natick, MA). ADJUST algorithm (NeuroI-
maging Tools and Resources Clearinghouse) was used as
an unsupervised method to isolate independent component
analysis components due to artifacts such as blinks and
eye movements using stereotyped spatial and temporal fea-
tures of such artifacts. EEG data were then cleaned by
removing the isolated components. Trials (EEG epochs)
with abnormally distributed data, improbable data, or with
abnormal spectra were also removed using EEGLAB as fol-
lows: trials with high kurtosis or low probability of occur-
rence were excluded using a threshold of 6 z-score per
component and 5 z-score per average of components. EEG
trials with spectrum 35 dB higher or lower than the baseline
in the frequency range of 20–30 Hz were also excluded. The
remaining trials were used to calculate the average ERP for
subjects in MCI and HC cohorts. For each participant,
average ERPs were calculated and measured by computing
(a) the P200 defined as the maximum amplitude in the
time window 140-200 ms post stimulus and (b) the LPP
defined as the average amplitude in the time window 430-
600 ms post stimulus. Average ERPs with less than 10 clean
trials were excluded. Subsequently, a two-sample two-tailed
t-test was used to compare the group means and detect sig-
nificant differences between HC and MCI cohorts. Given
the sample size of (n5 35), t-test was determined to be a suf-
ficiently appropriate statistical test to detect significant dif-
ferences between the two cohorts. With respect to the
analysis of old/new effect, a paired t-test was used to
compare the average ERP measures of target trials and
nontarget trials for each cohort. A bivariate correlation anal-
ysis was performed by computing Pearson’s correlation co-
efficient to determine if EEG measures are associated with
behavioral measures of performance in the corresponding
neurocognitive test.
3. Results

3.1. Neurocognitive test performance results

For the SIR task, statistically significant difference be-
tween HC and MCI were observed in percent correct (two-
sample two-tailed t-test, P 5 .015, t 5 2.56, df 5 34) as
well as F-Measure (two-sample two-tailed t-test, P 5 .011,
t 5 2.67, df 5 34) (Table 2). No significant differences
were observed in performance measures for 3CVT.
3.2. EEG results

Grand average mean of the ERPs of MCI and HC cohorts
were compared for SIR (Fig. 1) and 3CVT (Fig. 2). In SIR,
both early (P200) and late component (LPP) were sup-
pressed in the MCI cohort compared with HC (Fig. 1). Com-
parison of mean amplitude of the LPP in target trials
indicates significantly suppressed amplitude for the MCI
cohort during SIR in all regions of the brain (two-sample
two-tailed t-test P , .05, t . 2.13, df 5 26) (Fig. 1B) with
the most significant difference at channel Cz (P 5 .007,
t 5 2.91). Comparison of maximum amplitude of the P200



Fig. 1. Panel A: Grand average ERPs for correct response to target trials in SIR task at each channel for HC (blue) and MCI cohorts (red). Panel B: Topograph-

ical maps of the mean amplitude of the LPP component for HC and MCI cohorts and the difference between the two cohorts. Channels with significant differ-

ences (P , .05) in mean LPP are circled. Abbreviations: EPRs, event-related potentials; HC, healthy controls; LPP, late positive potential.
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indicates significantly suppressed amplitude for the MCI
cohort (two-sample two-tailed t-test P , .05, t . 2.16,
df 5 26), predominately over the fronto-central regions
(Fig. 1B).

For 3CVT, significant suppression in the LPP mean
amplitude was observed over the right occipital and tempo-
ral areas (two-sample two-tailed t-test P , .05, t . 2.14,
Fig. 2. Panel A: Grand average ERPs for correct response to target trials in 3CVT t

Topographical maps of the mean amplitude of the LPP component for HC and MC

icant differences (P, .05) in mean LPP are circled. Abbreviations: 3CVT, 3-choic

late positive potential.
df 5 32) with the most significant difference at channel T4
(P 5 .009, t 5 2.76) (Fig. 2B).
3.3. Correlation between performance and LPP measures

Significant correlations were observed between F-Mea-
sure and LPP mean amplitude during SIR (Fig. 3). The
ask plotted for all channels in both HC (blue) andMCI cohort (red). Panel B:

I cohorts and the difference between the two cohorts. Channels with signif-

e vigilance task; ERPs, event-related potentials; HC, healthy controls; LPP,



Fig. 3. Panel A: Scatter plots of performance (F-Measure) and mean amplitude of LPP in channel P3 during SIR task. Panel B: Topographical maps of the

Pearson’s correlation coefficient r on 2D and 3D head maps. Channels with significant (P, .01) correlation values greater than 0.5 are marked with black di-

amonds. Abbreviations: HC, healthy controls; LPP, late positive potential; SIR, standard image recognition memory task.
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strongest and most significant correlations (r . 0.5 and
P , .01) were observed in the parietal region at P3, PZ,
and P4 channels. A scatter plot of the average values of
F-Measure and LPP mean amplitude for channel P3 is
shown in Fig. 3A with the corresponding Pearson’s linear
correlation coefficient (r). The topological map in
Fig. 3B highlights significantly correlated channels with
black diamonds.
3.4. Old/new effect correlation with performance

The old/new effect was evaluated by comparing the
maximum amplitude of P200 and mean amplitude of the
LPP of target trials vs. nontarget trials for both HC and
MCI cohorts (Fig. 4). The LPP of the target ERPs was signif-
icantly enhanced over the left parietal region (Fig. 4B) and
the P200 significantly enhanced over frontal, central, tempo-
ral, and occipital regions (Fig. 4C) compared with nontarget
in the HC cohort. In contrast, there were no significant differ-
ences between the target and nontarget components in the
MCI cohort at any channel. Correlations were observed be-
tween the old/new effect and performance as measure by
F-measure (Fig. 4D) with high significance and correlation
coefficient (Pearson r 5 0.58, P , .01, Spearman
r 5 0.66, P , .01).
4. Discussion

To summarize, an MCI cohort had significantly different
EEG patterns elicited during cognitive tasks that measure
sustained attention or encoding and image recognition mem-
ory compared with a HC cohort. It is worth noting that the
participants in this study were all referred to the Memory
Clinic at Massachusetts General Hospital due to concerns
regarding memory loss. Following administration of neuro-
psychological examinations, each participant was assigned
to either MCI or HC cohorts based on their scores. Thus,
the population is very homogeneous yet significant electro-
physiologic differences were observed during both cognitive
tasks administered. The most striking difference between
MCI and HC cohorts was observed during comparison of
amplitude of the early and late components during the SIR
task. The P200 maximum amplitude was significantly sup-
pressed in the MCI cohort predominately over the fronto-
central regions confirming prior reports suggesting the
source of the early component [41]. Early components are
reported to index stimulus evaluation and reflect detection
of features in task-relevant stimuli. Diminished amplitudes
of early components may reflect abnormal early visual inte-
gration during memory processes. LPP mean amplitude was
significantly suppressed in all regions of the brain inMCI pa-
tients compared with HC. Patients with MCI also exhibited
suppressed LPP during 3CVTat right occipital and temporal
channels (O2, T4, and T6). While 3CVT is a measure
of sustained attention only, SIR also incorporates a memory
component and evaluates encoding and image recognition
as well as attention. The cognitive mechanisms supporting
the memory function appear to be severely attenuated
along relevant processing stages in MCI patients,
particularly as reflected in the LPP, an ERP component asso-
ciated with memory matching, stimulus evaluation, and
decision-making [5,8]. The MCI cohort also differed on
performance during SIR as evaluated using processing
speed, accuracy, and F-Measure, a combined metric
incorporating both processing speed and accuracy [27]. Pa-
tients with MCI showed significant suppression of the
F-measure for SIR task and correlations between the perfor-
mance and neurophysiological measures were significant
and strong, particularly over the parietal region of the brain,
suggesting interdependence between the performance and



Fig. 4. Old/new effect on ERP measures in SIR task at channel P3. Panel A: Grand average ERP waveforms for both target and nontarget trials. Panel B and C:

Topographical maps indicate mean amplitude of LPP (B) and maximum amplitude of P200 (C) for target, nontarget and the difference between target and

nontarget. Channels with significant differences between target and nontarget are highlighted with black circles. D: Correlation between old/new effect and

performance (F-measure). Abbreviations: ERP, event-related potential; LPP, late positive potential; SIR, standard image recognition memory task.
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strength of LPP during SIR. The significant differences in
the SIR ERP components and performance are particularly
striking considering the homogeneity of the two cohorts,
with very close Mini–Mental State Examination scores
and similar subjective memory complaints.

Differences between target and nontarget trial LPP
mean amplitude were compared for each cohort and sum-
marized in Fig. 4. The results show that only the HC cohort
shows significant differences between target and nontarget
stimuli (i.e., old/new effect) for both LPP and P200; the
MCI cohort does not show difference for either component
at any of the channels. The loss of the old/new effect at
LPP is correlated with performance as measured by F-mea-
sure. The data suggest that the engagement of the neural
circuitry during the neurocognitive task has decreased or
is absent in MCI patients such that the neural patterns nor-
mally associated with attention, memory, and cognition
have been significantly altered paralleling a loss of cogni-
tion reflected in the performance. The results complement
previous observations of loss of the old/new effect in pa-
tients with MCI compared with healthy controls in ERPs
elicited during an image old/new task [19]. Ally et al.
[19] observed old/new effect in HC at 500–800 ms with
loss in MCI patients. However, no old/new effect was
observed at an earlier component (300–500 ms). The pre-
sent results indicate loss of the old/new effect in both early
and late components in the MCI cohort. The difference in
results may be attributed to differences in stimuli presenta-
tion and instructions for response in the test bed. In a
recognition task using words as a stimulus, Olichney et
al. [10] observed that loss of the old/new effect was
strongly associated with conversion of MCI patients to de-
mentia in a longitudinal study. Measurement of the differ-
ences between target and nontarget in the SIR has potential
to be indicative of cognitive impairment on an individual
basis and serve as a biomarker for detecting and staging
early dementia. Longitudinal follow-up with the cohorts
studied here is warranted to explore association of the
loss of old/new effect with conversion to dementia.

The results of the study comparing MCI and closely
matched controls suggests that the ERP tasks administered
concurrently with EEG are sensitive and reliable measures
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for cognitive decline and mild dementia. In particular, the
ERPs elicited in response to the SIR represent a robust de-
mentia biomarker that reflects the memory deficits in early
dementia and has strong potential for utility in monitoring
the efficacy of investigational, disease-modifying interven-
tions.
RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using traditional (e.g., PubMed) sources and
meeting abstracts and presentations. Although
event-related potentials show promise as bio-
markers for neurodegenerative disease, further
evaluation is necessary to implement electroen-
cephalography (EEG) biomarkers as pharmacody-
namic end points in interventional clinical trials.
Relevant citations are appropriately cited.

2. Interpretation: The data suggest event-related po-
tentials acquired during our sustained attention and
memory tasks are sensitive to mild cognitive
impairment and promising candidates as EEG bio-
markers for early dementia.

3. Future directions: Follow-up studies should include
the following: (1) a larger, longitudinal study using
our battery of cognitive tasks and concurrent EEG to
further validate the tasks and demonstrate sensitivity
to disease progression, (2) multimodal studies to
benchmark EEG biomarkers against neuroimaging
including structural and functional magnetic reso-
nance imaging, FDG, and amyloid PET, and (3)
implementation of EEG biomarkers in interventional
clinical trials to validate use as a pharmacodynamic
endpoint.
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