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EEG Detection of Early Alzheimer’s Disease

Using Psychophysical Tasks
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ABSTRACT

In this study, we hypothesized that a quantitative EEG
(QEEG) method for measuring EEG variability combined
with specific psychophysical tasks could improve the clas-
sification accuracy of subjects with normal aging vs. mild
cognitive impairment (MCI) or mild dementia due to
Alzheimer's Disease and Refated Disorders (ADRD). The
cross-sectional sample consisted of 48 subjects (32 nor-
mal aging and 16 ADRD: n=3 mild dementia, n=13 MCl
FAST stage 3).

During EEG recording, subjects performed two visual,
delayed recognition memory tasks as well as a task that
tested their ability to perceive structure-from-motion (SFM).
These EEG data were used to compute qEEG measures of
the (normalized) variance of posterior cortical activity dur-
ing the first 150 milliseconds (ms) after stimulus onset and
the variance of anterior cortical activity during the second
150 ms epoch. The ratio, anterior/posterior cerebral qEEG
value, was then computed for each subject, and the opti-
mal cutoff value identified to discriminate normal from
impaired subjects.

An optimal gEEG cutoff vaiue for the delayed recog-
nition memory tasks correctly discriminated 30 of the 32
normal aging subjects (94% specificity) and 14 of 16 MCI-
to-mild ADRD subjects (88% sensitivity). On the other
hand, the application of this gEEG measure to EEG data
recorded while subjects performed a SFM task did not
distinguish between ADRD and normal aging any better
than chance.

in conclusion, this gEEG measure is specific to the
psychophysical task being performed by the subject.
When it was combined with delayed recognition memory
tasks, it yielded results that are comparable to the accura-
cies reported by PET scan studies of normal aging vs. AD
with mild cognitive impairment. These results warrant fur-
ther evaluation.
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INTRODUCTION

The EEG is a scalp recording of the brain's electrical
activity. This electrical activity may reflect the task that the
brain is performing at the time of the EEG recording. For
example, if a person is looking at a face and trying to
remember if they have seen it before, their EEG recording
might reflect this fact. Likewise, if a person is engaged in a
different task, such as watching the motion of dots moving
in the manner of a rigid object, “structure from motion”
(SFM), their EEG might reflect that task. If this is true, then
the structure from motion EEG would be different from the
EEG recorded while a person is trying to remember a face.

In this study we will take this hypothesis and quantify it
for the purpose of detecting very mild to mild Alzheimer's
Disease and Related Disorders (ADRD). We will do this by
examining the EEG data of subjects, normal aging or hav-
ing very mild to mild ADRD, who are performing psy-
chophysical tasks. Some of these tasks ought to be rele-
vant to the detection of ADRD, Those tasks are delayed
recognition memory tasks. Another task might not be rele-
vant io the detection of ADRD. That task is perceiving
structure from motion. We hypothesize ihat a relevant
quantitative EEG (GEEG) method will distinguish between
normal aging and ADRD subjects who are engaged in
delayed recognition memory tasks, but not between normal
aging and ADRD subjects who are engaged in perceiving
strycture from motion. The QEEG measure that we used is
a measure of the short-term changes in the EEG waveform
or “rapid variance.” This measure, which relates to the syn-
chrony of local neuronal activity, may correspond to the
information in the EEG waveform.**

The Relevance of Delayed Recognition Memory to
Early Alzheimer’s Disease

in Alzheimer’s disease (AD), delayed recognition of
episodic memory loss is the earfiest clinical change.*”
Pathophysiological, electrophysiological, psychophysical
and clinical measures of this characteristic are consistent;
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in Aizheimer's disease, the first portion of the brain to
decline is the hippocampal area including the transentorhi-
nal and entorhinal cortices, the hippocampal formation,
and associated parahippocampal cortices.® Fluoro-2-
deoxy-D-glucose Positron Emission Tomography (FDG
PET) studies show a general glucose metabolic deficiency
in the temporal and parietal association areas. These defi-
ciencies are in excess of what would be expected by the
degree of brain atrophy associated with AD.° Further FDG
PET studies suggest that the very first area affected by AD
is the entorhinal cortex. The appearance of lesions in this
area is followed by lesions in the hippocampus and asso-
ciated parahippocampal cortices.™ In turn, these areas are
strongly implicated in the production of delayed recognition
memories.**® For this reason, the EEG of an ADRD sub-
ject who is engaged in a delayed recognition task is
hypothesized to differ from that of a normal aging subject.

EEG, ERP, and fMRI Studies of Delayed Recognition

Delayed recognition involves both the working memory
(attentive recognition; dorsolateral prefrontal cortex,
“DLPFC"} and episodic memory (delayed retrieval; the hip-
pocampus and parahippocampal cortices)."# There are a
number of working memory/delayed recognition EEG, ERP,
and fMRI studies both for normal aging individuals and
ADRD individuals, An fMRI study shows that the most
active areas of the P300 working memory task are the
supramarginal gyrus, superior parietal lobule (part of poste-
rior parietal cortex), the posterior cingulate gyrus, thalamus,
inferior occipitotemporal cortex, insula, DLPFC, anterior cin-
gulate cortex, medial frontal gyrus, premotor area, and
cuneus.Z Other MRI studies of working memory implicate
the DLPFC and the inferiot/posterior parietal cortex.®?
Event related potential (ERP) studies of the working mem-
ory of normal aging individuals show significant evoked
potentials for striate/extrastriate cortex at about 130 ms.®%
Posterior parietal cortex shows significant activity, “electro-
genesis,” at 40 ms and again at 100 ms (in somatosensory
working memory tasks).®# It is important to note that these
latter studies did not use standard EEG averaging to
deduce the ERP. Instead they used a non-averaging statis-
tical technique, the “Z method.” Further in time, the N170
and the vertex-positive potential (VPP) occur and are often
associated with face recognition tasks (fusiform gyrus for
the N170; ventral stream activity); however, this effect is
sometimes also seen in object and word recognition. 2

There are a number of working memory/delayed
recognition studies on the activation of prefrontal cortex.
The earliest ERP time seen is 140 ms.* This ERP is cen-
tered in the DLPFC, Again, this study uses the “Z
method,” which means that this time is not necessarily at
the peak of the activity. There is actually a large range for
this time, 100-180 ms. Other studies show later times; for
example, 150 ms and 190 ms, followed by “triphasic”
activity at 200-285-350 ms.? Guillaume and Tiberghien®®
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found a prefrontal ERP peak at 200 ms. Similarly, anoth-
er study shows prefrontal activity peaking at 250 ms and
then moving towards centro-parietal cortex at 350 ms and
arriving at parietal-occipital cortex at 450 ms.* ERP stud-
ies of word recognition impairment in schizophrenics sug-
gest that this impairment begins about 200-300 ms (N2-
P3) after stimulus onset.® Johnson and Olshausen® con-
clude that recognition occurs 150-300 ms after the stimu-
lus onset. Furthermore, the delayed recognition type of
memory retrieval is monitored, and possibly initiated, by
the DLPFC (and apparently also monitored by frontopo-
lar/anterior prefrontal cortex).3%

The EEG spectral hallmark in AD is decreased alpha
and beta power and increased theta power® The later
stages of AD also show increasing delta power. The
increased absolute and relative theta power correlates well
with cognitive dysfunction.® This EEG activity also pro-
vides good discrimination between different levels of AD
severity.® Moreover, AD patients show a background EEG
slowing with reduced fast activity and coherence.** The
working memory old/new effect (P300) is faster and
stronger in younger individuals than in older individuals,
who, in turn, tend to have faster and stronger P300 effects
than ADRD individuals.** Working memory EEG of AD
subjects tends to have less synchronization in the upper
alpha (10-12 Hz) and beta bands than MCI subjects. On
the other hand, MCI subjects tended to have greater lower
alpha (8-10 Hz) synchronization than normal aging sub-
jects.* Similarly, Hogan et al* found decreased upper
alpha coherence for MCI AD subjects between central and
right temporal cortex. On the other hand; Rugg et al* found
no difference between MCI AD and normal aging ERPs for
a working memory task.

EEG Monitoring Congruent with
Delayed Recognition Neurophysiology

We sought to monitor subjects’ EEGs in a manner con-
gruent with the neurophysiology of delayed recognition.
The studies described above show that initial dorsal
stream activity is strongest for the posterior parietal cortex
and is followed by activation of the DLPFC, Therefore, the
goal of the present study was to use time intervals that
cover the majority of the activity at the posterior parietal
cortex and at the DLPFC. The time interval we used for the
posterior parietal cortex is 0-150 ms. Since studies show
activity at 40 ms and 100 ms, we can safely conclude that
this time interval covers the majority of the initial dorsal
stream posterior parietal activity.

Prefrontal activity is more complex. The earliest ERP
time shown is 140 ms. However, because of the methods
used, this time may mark the start of activity, not the peak
of activity, All other studies show later times: 150 ms, 190
ms, 200 ms, 250 ms, and 285 ms. This activity appears to
be moving back toward posterior cortex by about 350 ms,
Thus, our study made the judicious choice of a time inter-
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val of 151-300 ms for prefrontal activity, in agreement with
the conclusion of Johnson and Olshausen® This time
interval may miss some initial activity and some final activ-
ity but it appears to capture the majority of the DLPFC
activity which was a goal of this study.

The Non-relevance of SFM

to Early Alzheimer’s Disease

The perception of SFM is a process attributed to the
mid-temporal (MT) area of the cortex.™# It is not a process
associated with the hippocampus or parahippocampal cor-
tices, the cortices which are affected by early AD. For this
reason, we hypothesize that the EEG of an early ADRD
subject engaged in perceiving SFM will not differ signifi-
cantiy from normal aging subjects.

The present paper tests this hypothesis by the devel-
opment and application of a quantitative EEG (qQEEG)
method that is specific to the psychophysical task that the
subject is performing. We hypothesize that qEEG meas-
ures of similar tasks will produce similar values. qEEG
measures of dissimilar tasks will produce dissimilar values.
Moreover, since the measure is task specific, we hypothe-
size that it will distinguish between normal aging and
ADRD subjects when subjects are performing a delayed
recognition memory task.

MATERIALS AND METHODS
Psychophysical Tasks Combined With EEG

To test subjects’ delayed recognition memories, they
performed, two separate delayed recognition tasks — one
for emotionally neutral, unfamiliar faces and one for com-
mon objects, e.g., a spoon. The displays were 12 by 16 cm;
faces were both male and female. To encode these faces
and objects in their delayed recognition memory, a subject
first performed a working memory task. During the working
memory task, the subject saw the visual target stimulus for
500 ms on the computer display of a Deli Inspiron 7500
and then saw a second visual stimulus 4 seconds later.
The subject pressed a key to indicate (yes/no) whether the
two stimuli matched. The subject was tested on 10 pairs of
visual stimuli. This testing happened two times; once for
faces and once for objects. A distracter task followed that
lasted 10 minutes.

Delayed recognition memory was then tested by pre-
senting 20 visual stimuli - 10 of which were presented dur-
ing the warking memory task. Subjects pressed a key indi-
cating whether a given visual stimulus was presented dur-
ing the working memory task. This task was performed
twice; once for faces and once for objects. During this
delayed recognition memory task, their EEG was recorded
and the EEG data were automatically marked for when
each stimulus began.

Structure-from-motion perception was tested by having
subjects view displays of eight dots, 3 millimeters in diam-
eter, which were sometimes moving in a random manner
and sometimes moved in the manner of a rigid object. That
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rigid object was a cube. This cube would rotate at a speed
of 180 degrees/second. The total area covered by the ran-
dom dot display was 6 ¢cm by 6 cm. Subjects viewed 60
instantiations of this movements; 30 random and 30 rigid.
Each stimuius lasted 500 ms. If the subject perceived rigid
motion they were instructed to press a yes key, and if they
did not perceive rigid motion, they pressed a no key.
Subjects

Informed consent was obtained from all subjects. The
experimental protocol was reviewed and approved by the
Institute Review Board {IRB) of the University of California,
Irvine, IRB # 2003-2888. Thirty-two normaj aging subjects
{mean age = 58, female = 20, male = 12} and 16 patients
with ADRD (mean age = 73, female = 7, male = 9) agreed
to participate in this research.
Diagnostic Assessment

Each subject was evaluated with a 2 hour battery of
cognitive testing (including the Consortium to Establish a
Registry for Alzheimer's Disease, CERAD, neuropsycholo-
gy test battery), medical history, structured assessment of
activities of daily living, neurological and physical examina-
tion, and Clinical Demented Rating (CDR) staging of
dementia status. Those who showed evidence of cognitive
or functional impairments were further evaluated with rou-
tine laboratory dementia diagnostic tests and magnetic res-
onance imaging (MRI). Patients whose MRI showed no
abnormality, including no hippacampal atrophy, underwent
an FDG PET scan. Reduced activity in entorhinal, hip-
pocampal or posterior cingulate cortical areas was deemed
to be consistent with a diagnosis of MCI AD.
Status of the ADRD Subjects

Thirteen ADRD patients had mild cognitive impairment
(MCI) (Clinical Dementia Rafing Scale,*® CDR score = 0.5;
Functional Assessment Staging,'® FAST= 3), Three
ADRD patients had mild dementia (CDR = 1, FAST = 4). All
of the FAST stage 4 patients had been on cholinesterase
inhibitor treatment for more than a year. Six of the FAST
stage 3 ADRD patients had been on cholinesterase
inhibitor treatment for more than a year, 6 had begun
cholinesterase inhibitor treatment within the past year, and
1 patient had not begun cholinesterase inhibitor treatment.
CERAD memory tests showed that all normai aging sub-
jects had normal memories (using the accepted -1.5 stan-
dard deviation criterion).®* Seven of the ADRD subjects
had abnormal CERAD scores. The other 9 had normal
scores, due to high intelligence, early detection, andfor
cholinesterase inhibitor treatment.
Age, Treatment, and Gender Matched Subgroups

Age, cholinesterase inhibitor treatment, and possibly
gender can be confounds in the gEEG detection of ADRD.*
® Therefore, we created matched sample subgroups for
normal aging and for ADRD. Cholinesterase inhibitor treat-
ment has an efficacy period of abaut 1 year.®#' Therefore,
the ADRD matched sample subgroup consisted of all ADRD







