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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 Related Disorders (ADRD), The 
cross-sectional sample consisted of 48 subjects (32 nor- 
mal aging and 16 ADRD: n=3 mild dementia, n=13 MCI 
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, anteriorlposterior cerebral qEEG 
value, was then computed for each subject, and the opti- 
mal cutoff value identified to discriminate normal from 
impaired subjects. 

An optimal qEEG cutoff value 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 qEEG 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 qEEG 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. 

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 to the detection of ADRD. That task is perceiving 
structure from motion. We hypothesize that a relevant 
quantitative EEG (qEEG) 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 
structure 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 
The Relevance of Delayed Recognition Memory to 
Early Alzheimer's Disease 

In Alzheimer's disease (AD), delayed recognition or 
episodic memory loss is the earliest clinical change.47 
Pathophysiological, electrophysiological, psychophysical 
and clinical measures of this characteristic are consistent; 

Robert Sneddon. PhD. William Rodman Shankle, MS. MD, Junko Hara, 
PhD, Anthony Rcdriquez, PhD, Donald Hoffman, PhD, and Utpal Saha, BS, 
are from the Universrty of California at Iwine, Calrfornia. 

Address requests for reprints to Robert Sneddon, PhD, 125 S. Holliston 
Ave., 6, Pasadena, CA91106, USA. Email: rsneddon@alumni.caltech.edu 

Received October 19, 2004; accepted: April 20, 2005. 

141 
 at PENNSYLVANIA STATE UNIV on May 18, 2016eeg.sagepub.comDownloaded from 

http://eeg.sagepub.com/


CLINICAL EEG and NEUROSCIENCE 02005 VOL. 36 NO. 3 

in Alzheimer'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.a 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.9 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.'o In turn, these areas are 
strongly implicated in the production of delayed recognition 
m e r n ~ r i e s . ~ ~ - ' ~  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 fMRl 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).11-21 There are a 
number of working memory/delayed recognition EEG, ERP, 
and fMRl studies both for normal aging individuals and 
ADRD individuals. An fMRl 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.22 Other fMRl studies of working memory implicate 
the DLPFC and the inferiorlposterior parietal c ~ r t e x . ~ ~ * ~  
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.25,26 
Posterior parietal cortex shows significant activity, "electro- 
genesis," at 40 ms and again at 100 ms (in somatosensory 
working memory  task^).^^^*^ 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 

There are a number of working memory/delayed 
recognition studies on the activation of prefrontal cortex. 
The earliest ERP time seen is 140 msZ4 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, 100-1 80 ms. Other studies show later times; for 
example, 150 ms and 190 ms, followed by "triphasic" 
activity at 200-285-350 rnsa Guillaume and TiberghieP 

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 m ~ . ~ '  ERP stud- 
ies of word recognition impairment in schizophrenics sug- 
gest that this impairment begins about 200-300 ms (N2- 
P3) after stimulus onset.32 Johnson and O I s h a ~ s e n ~ ~  con- 
clude that recognition occurs 150-300 ms after the stirnu- 
Ius onset. Furthermore, the delayed recognition type of 
memory retrieval is monitored, and possibly initiated, by 
the DLPFC (and apparently also monitored by frontopo- 
ladanterior prefrontal cortex).33 35 

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 dysf~nction.~' 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 The 
working memory oldhew 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 ind i v id~a ls .~ '~  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- 
jeckM Similarly, Hogan et found decreased upper 
alpha coherence for MCI AD subjects between central and 
right temporal cortex. On the other hand, Rugg et a1* 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 0-1 50 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 c ~ r t e x . ~ ~ - ~ ~  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- 
cantly from normal aging subjects. 

The present paper tests this hypothesis by the devel- 
opment and application of a quantitative EEG (qEEG) 
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 Dell lnspiron 7500 
and then saw a second visual stimulus 4 seconds later. 
The subject pressed a key to indicate (yeslno) 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 working 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 

rigid object was a cube. This cube would rotate at a speed 
of 180 degreeslsecond. 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 stimulus 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 normal 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 hippocampal 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 Rating Scale,5o CDR score = 0.5; 
Functional Assessment Staging,51,52 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 normal aging sub- 
jects had normal memories (using the accepted -1.5 stan- 
dard deviation criterion).y,” Seven of the ADRD subjects 
had abnormal CERAD scores. The other 9 had normal 
scores, due to high intelligence, early detection, and/or 
cholinesterase inhibitor treatment. 
Age, Treatment, and Gender Matched Subgroups 

Age, cholinesterase inhibitor treatment, and possibly 
gender can be confounds in the qEEG detection of ADRD.&- 
59 Therefore, we created matched sample subgroups for 
normal aging and for ADRD. Cholinesterase inhibitor treat- 
ment has an efficacy period of about 1 year.w,61 Therefore, 
the ADRD matched sample subgroup consisted of all ADRD 
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Figure 1. 
EEG data separated into rapid variance intervals. 

subjects who had not begun cholinesterase inhibitor treat- 
ment within the past year. This group consisted of 5 males 
and 5 females. Similarly, the normal aging subgroup con- 
sisted of subjects who were matched for age and gender. 
This group was composed of the 5 oldest males and the 5 
oldest females in the normal aging group. This nearly 
equated the average age between normal subjects and 
ADRD subjects; normal aging subjects had an average 
age of 70, ADRD subjects had an average age of 71. The 
CDR and FAST ratings of the ADRD subgroup were: 7 sub- 
jects at CDR 0.5 (FAST stage 3) and 3 subjects at CDR 1 
(FAST stage 4). Seven members of this ADRD matched 
sample group had abnormal CERAD memory test scores, 
3 had normal scores. The total number of subjects in this 
matched sample analysis was 20. 
EEG Data Acquisition, Equipment and Electrodes 

EEGs were taken using a NeuroScan system. We sam- 
pled subjects' EEGs at a rate of 1000 Hz. The DC portion 
of the EEG was pre-filtered. We also excluded artifacts 
from the data: eye blinks, muscle movements and 60 Hz 
interference (caused by electrical coupling with 60 Hz AC 
sources) during the first 300 ms after the onset of the stim- 
ulus. Otherwise, the data were unfiltered. Subjects' data 
was collected regardless of the correctness or incorrect- 
ness of their responses. Subjects needed to complete at 
least 10 delayed recognition trials in order to compute a 
reliable qEEG measure whose standard deviation is 2% or 
less of its value. 
Electrodes 

Subjects were fitted with 28 electrodes on the scalp. 
The International 10-20 System was used for 21 elec- 
trodes.62 We added an extra 7 electrodes: T7Fp1, T8Fp2, 
T3C3, T4C4, 01P3, 02P4 and OzPz. T7Fpl and T8Fp2 
were placed on the scalp areas near the left and right 
DLPFC. T7,Fpl was located in the center of the triangle 
formed by electrodes Fpl ,  F3 and F7, and T8Fp2 was 
located in the center of the electrodes Fp2, F4 and F8 (on 
the upper edge of each temple). 
Quantitative Methods 

We monitored subjects' EEG in a manner congruent 
with the neurophysiology of delayed recognition memory. 
To monitor the early part of a delayed recognition task, we 
examined the data taken from the electrodes that were 

positioned above posterior parietal cortex (area 7) of each 
brain hemisphere, electrodes P3 and P4. The data record- 
ed by these electrodes were examined for the first 150 ms 
after the onset of a delayed recognition stimulus. We also 
examined the data recorded by EEG electrodes located 
above the DLPFC of each brain hemisphere. The two elec- 
trodes used were the nonstandard T7Fpl and T8Fp2. The 
EEG data examined for these electrodes were those data 
recorded from 151 -300 ms after stimulus onset. 

These patterns of cortical activation were measured by 
examining the changes in EEG variance. This was accom- 
plished by comparing the rapid variance (fast change) of 
the EEG to the slow variance (slow change) of the EEG. 
These quantitative methods began with collecting two data 
sets: DLPFC data and posterior parietal data. These data 
sets were partitioned into data subsets that correspond to 
the rapid variance part of the EEG. The data subsets were 
then used to compute a qEEG measure which compares 
rapid EEG variance to slow EEG variance. Finally, we com- 
pared the anterior to posterior qEEG measures by com- 
puting their ratio. 
Collect DLPFC and Posterior Parietal Data 

Two data sets were collected; the posterior parietal 
cortical data set (0-150 ms, P3 and P4 electrodes) and 
the DLPFC cortical data set (151-300 ms, T7Fpl and 
T8Fp2 electrodes). DLPFC and posterior parietal data 
interval lengths were slightly altered on each trial so that 
the DLPFC data set had the exact same number of free 
variables and total variables as the posterior parietal data 
set. This makes it possible to directly compare the two 
data sets. 
Partition These Data Sets 
into Rapid Variance Intervals 

Each data set was partitioned into rapid variance data 
intervals that began at a peak, valley or saddle point of an 
EEG waveform, and ended at the next contiguous peak, 
valley or saddle point. Quantitatively, this occurs at the 
places in the time-series EEG data where the discrete 
derivative is equal to zero. For example, consider an EEG 
recorded from electrode P3. A 20 millivolt (mv) peak at 8 
ms and a -35 mv valley at 20 ms after the visual stimulus 
onset define one data interval, because it is bounded by 
critical points, a local maximum and a local minimum. The 
next rapid variance interval would be defined in the same 
manner. It would consist of the EEG waveform data from 
the -30 mv valley to the next voltage peak at 34 ms, 45 mv. 
See Figure 1 for an example of an EEG waveform parti- 
tioned into 7 rapid change intervals; each vertical line rep- 
resents the start of a new partition. All data were partitioned 
into rapid variance intervals defined in this manner. 
Compute the DLPFC and 
Posterior Parietal qEEG Measures 

was used to compute the following qEEG measure: 
Each data set, partitioned into rapid variance intervals, 
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Table 1 
ADRD detection: delaved recoanition memorv 

ADRD FAST Stages 3-4 Normal Aging Total Accuracy 
Sensitivity Average Specificity Average Overall 

qEEG Ratio qEEG Ratio 
Total Group 

88% 0.92 ?r 0.08 94% 1.20 ? 0.06 92% 
(14 of 16) 95% CI (30 of 32) 95% CI (44 of 48) 

Matched Sample Group 
100"/6 0.85 ?r 0.06 100% 1.23 ?r 0.08 100% 

(10 of 10) 95% CI (10 of 10) 95% CI (20 of 20) 
CI: Confidence Internal 

Where: 

I c I r l r c n ' r l  

IS the measure of rapid variance, and the measure of slow 
variance is the total variability 

7 , 

This qEEG measure computes a ratio of the "rapid vari- 
ance" to the "slow variance." The qEEG measure is not an 
f-statistic because the values in the numerator and denom- 
inator are not statistically independent of each other. 
Here,qEEG denotes the qEEG measure on the EEG volt- 
age amplitudesx,, recorded at each millisecond. Intervalj 
is the jrh rapid change interval. N is the total number of 
data points in the data set. X is the mean of the voltage 
amplitudes of the entire data set and ,Gj is the mean of the 
voltage amplitudes for the j rh  rapid change interval. Thus, 
we computed the sum of squared deviations for each rapid 
change interval, added them up, and divided this value by 
the sum of squared deviations for the entire data set; the 
measure of slow change. Finally, we subtracted this 
amount from one. 
Compute the Ratio of DLPFC qEEG to 
Posterior Parietal qEEG 

We compared the values of qEEG for the anterior 
EEG data to the posterior EEG data by computing the ratio: 

Here, 9EEG-Ratio is the ratio, qEEGp,,,,,,,,,p,,,,,l,I 
is the measure for the posterior parietal electrodes and 
qEE(;D,f>p, is the measure for the DLPFC electrodes. 
This ratio was computed twice; once for the delayed recog- 
nition faces task, and once for the delayed recognition 
objects task. These two ratios were used to compute an 
average ratio. The ratio of the DLPFC qEEG measure from 
151-300 ms to the posterior parietal qEEG measure for 0- 
150 ms will be referred to as the "qEEG ratio. " 

RESULTS 
Delayed Recognition Memory Results 

Subjects' qEEG ratios for the delayed recognition task 
ranged from a lowest value of 0.71 to a highest value of 
1.54. These qEEG ratios had a high negative correlation 
with FAST scores; p= -0.71 k0.02, 95% confidence inter- 
val, p < 0.001 (t-test based on the Fisher transform). At 
this alpha level (p < 0.001), the power of this statistical 
test is 99%. 

qEEG ratios for 30 of the 32 normal aging subjects 
were greater than 1 .OO (at 2 decimal places of accuracy). 
qEEG ratios for 14 of the 16 ADRD subjects were less than 
or equal to 1 .OO (at 2 decimal places of accuracy). A qEEG 
ratio value of 1 .OO yielded an optimal criterion for differen- 
tiating between ADRD and normal aging. 

For the subgroup matched for age, gender and treat- 
ment, all normal aging subjects had qEEG ratios above 
1.00 and all ADRD subjects had qEEG ratios less than 
1 .OO. Using a criterion of 1 .OO to differentiate between the 
two groups yielded the following sensitivity, specificity and 
total accuracy tabulated in Table 1. 
Structure From Motion Results 

Subjects' qEEG ratios for the SFM task ranged from a 
lowest value of 0.53 to a highest value of 1.30. These 
qEEG ratios had a non-significant correlation with FAST 
scores; p= -0.06 t0.05, 95% confidence interval. A qEEG 
ratio value of 0.91 yielded an optimal criterion for differen- 
tiating between ADRD and normal aging for SFM values for 
both the total group and the matched sample group. Using 
an optimal criterion of 0.91 to differentiate between the two 
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Table 2 
ADRD detection: structure from motion 

ADRD FAST Stages 3-4 Normal Aging Total Accuracy 
Sensitivity Average Specificity Average Overall 

qEEG Ratio qEEG Ratio 
Total Group 

63% 0.86 f 0.08 56% 0.90 f 0.06 58% 
(18 of 32) 95% CI (28 of 48) (10 of 16) 95% CI 

Matched Sample Group 
80% 0.86 f 0.09 70% 0.92 f 0.12 75% 

(8 of 10) 95% CI (7 of 10) 95% CI (15 of 20) 
CI: Confidence Internal 

groups yielded the following sensitivity, specificity and total 
accuracy tabulated in Table 2. 
Delayed Recognition Memory 
vs. Structure From Motion 

qEEG ratios derived from delayed recognition EEG 
data correctly distinguished ADRD from normal aging 92% 
of the time. On the other hand, SFM task data distin- 
guished ADRD from normal aging 58% of the time. A null 
hypothesis would be that there is no difference in accuracy 
between the delayed recognition memory tasks and the 
SFM tasks. The probability of this hypothesis being true is 
p < (binomial test). A power analysis of this result can 
be made by fixing the power level to 80%. Using the for- 
mula of Hanley and McNeil,63 the significance of this result 
is p < 10' for N=48. Similarly, the accuracy of the data for 
the matched sample group was 100% for the delayed 
recognition memory tasks and 75% for the SFM task. In 
this case, the probability that the null hypothesis is true is 
p < 0.005 (binomial test). A power analysis of this result 
yielded a significance of p < 0.03 at a power level of 80% 
for N=20. 
Relative Theta Power Results 

To compare our method to a standard method, we com- 
puted the relative theta power of the subjects. The optimal 
sensitivity of the theta power was 75% (12 of 16) and the 
optimal specificity of the theta power was 75% (24 of 32). 
Together, these yielded a total accuracy of 75% (36 of 48). 
Use of the relative theta power for the gender, age and 
treatment matched group yielded a sensitivity of 70% (7 of 
lo),  a specificity of 70% (7 of lo) ,  and a total accuracy of 
70% (1 4 of 20). 

These levels of sensitivity and specificity are compara- 
ble to results in the We used these accuracy 
levels to make a statistical comparison with our delayed 
recognition ADRD detection method. A null hypothesis 
would be that our detection accuracy is no better than the 
theta power detection accuracy, 75% for the entire group, 
70% for the age, gender and treatment matched group. 
The probability of the null hypothesis being true is p < 

0.005 (binomial test) for the entire group and p < 0,001 for 
the age, gender and treatment matched group. A power 
analysis was performed on these data by fixing the power 
to 80% and testing for significance. This resulted in a sig- 
nificance of p < 0.05 for the whole group, N=48, and a sig- 
nificance of p < 0.03 for the matched sample group, N=20. 
Correlation of Delayed Recognition 
Memory and S f M  qEEG Ratios 

We have hypothesized that our qEEG method yields 
qEEG ratios that are dependent upon the psychophysical 
task being performed by the subject. This implies that sirn- 
ilar psychophysical tasks will yield similar qEEG ratios, 
whereas dissimilar tasks will yield different ratios. We test- 
ed this hypothesis by computing three different correlations 
of qEEG ratios: Recall Faces vs. Recall Objects, Recall 
Faces vs. SFM and Recall Objects vs. SFM. The results of 
these computations are tabulated in Table 3. 

The probability that the Recall Faces vs. Recall Objects 
correlation is not different from the SFM vs. Recall Faces 
correlation is p < 0.005 (z-test based on the Fisher trans- 
form). With a fixed power of 80%, this difference in corre- 
lations is significant at p < 0.02, N=48. Similarly, the prob- 
ability that the Recall Faces vs. Recall Objects correlation 
is not different from the SFM vs. Recall Objects correlation 
is p < 0.005 (z-test based on the Fisher transform). This dif- 
ference in correlations is significant at p < 0.03 for a power 
level of 80%, N=48. The difference between the SFM vs. 
Recall Faces correlation and the SFM vs. Recall Objects 
correlation is not statistically significant. 
DISCUSSION 

qEEG ratios for delayed recognition memory tasks cor- 
rectly detected 14 of 16ADRD subjects. There were 2 sub- 
jects not detected, i.e., a Type II or false negative error. We 
expect to see false negative subjects; however, the 2 false 
negative subjects may actually be the result of a treatment 
effect. Both subjects had recently begun cholinesterase 
inhibitor treatment. Both had made the subjective report 
that their memory had improved. Their CERAD memory test 
scores were normal. Our research shows that successful 
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Table 3 
PsvchoDhvsical task aEEG ratio correlations 

95% 
Confidence 

Recall Faces vs. Recall Objects 0.67 (0.64, 0.691 
SFM vs. Recall Faces 0.37 [0.33, 0.411 
SFM vs. Recall Objects 0.38 [0.34, 0.421 

Tasks Correlation Interval 

cholinesterase inhibitor treatment can increase qEEG 
ratios. Thus, the results are conservative, since successful 
cholinesterase inhibitor treatment appears to be a confound 
in this qEEG study. When this potential confound was con- 
trolled for, the sensitivity of our qEEG method increased. 

The qEEG ratios for the delayed recognition memory 
tasks also correctly classified 30 of 32 normal aging sub- 
jects. ADRD screening methods inevitably have false pos- 
itives. However, it is interesting to note that the 2 false pos- 
itive subjects (Type I error) were relatively young. One was 
in the mid 40s; the other was in the earlier 50s. Both sub- 
jects had parents with Alzheimer's Disease. Additionally, 
both had objective cognitive deficits. The deficit of 1 sub- 
ject was left frontal cognitive impairment (verbal fluency); 
the other was dorsolateral-prefrontal cortical (DLPFC) cog- 
nitive impairment (working memory). 

On the other hand, the qEEG ratios for the SFM task 
classified normal aging vs. ADRD at a chance level, 58%. 
The SFM task showed better classification accuracy for the 
age, gender and treatment matched group, 75%. However, 
this value was significantly less than the classification 
accuracy of the delayed recognition memory tasks and is 
only on par with traditional EEG detection methods, e.g., 
the relative theta power.M65 This suggests that our qEEG 
method is specific to the psychophysical task being per- 
formed by the subject. 

More evidence for the task specific nature of our qEEG 
method is given by the analysis of correlations between 
qEEG ratios taken from different psychophysical tasks. 
The correlation of similar tasks, Recall Faces and Recall 
Objects was moderately high at 67%. On the other hand, 
the correlations of dissimilar tasks, Recall Faces vs. SFM 
and Recall Objects vs. SFM, were moderately low at 37% 
and 38%, respectively. Moreover, the difference between 
the correlation of similar tasks and the correlation of dis- 
similar tasks was highly significant (p c 0.005). Again, this 
is evidence that our qEEG method is specific to the psy- 
chophysical task being performed by the subject. 

Additional evidence for the validity of the hypothesis 
that our qEEG method is specific to the psychophysical 
task being performed by the subject comes from correlat- 
ing subjects' FAST scores with qEEG ratios derived from 
delayed recognition memory tasks as well as from the SFM 
tasks. The former correlation was high at (-) 71% whereas 

the latter was nearly zero at (-) 6%. Since delayed recog- 
nition memory loss is one of the first signs of dementia, the 
high correlation of 71% is not surprising. On the other 
hand, the ability to perceive structure from motion is a fair- 
ly low-level cognitive ability (MT cortex), which ought to 
remain intact during early ADRD. This again shows that the 
qEEG method is specific to the psychophysical task being 
performed by the subject. 

The qEEG measure itself computes a value that shows 
how much an EEG deviates from being purely random as 
well as from being a constant or fixed sinusoidal signal (in all 
three cases, its value tends to zero). This value reflects the 
synchrony of the local neuronal activity, but only to the extent 
that the synchrony is neither absolute, nor random. That 
synchrony may correspond to information.' More specifi- 
cally, the qEEG measure appears to be a statistical estima- 
tor for the Tsallis information66 (Sneddon, in preparation). 
Other ADRD Detection Methods 

A traditional method of detecting ADRD is computing 
the ratio of the alpha power to the theta power. Low values 
indicate AD, high values indicate normal aging. Typical 
detection accuracies of this method are on the order of 
75% for moderate AD.% They tend to be higher for severe 
AD and lower for mild AD.w65 Our theta power results 
agree with these findings. 

Delays in the P300 latency also produce significant 
predictive power for the detection of AD.U A matched sam- 
ple analysis based on the age-corrected P300 latency of 
24 early ADRD and 17 normal aging subjects produced a 
sensitivity of 75%, a specificity of 81% and a total accura- 

Many approaches combine multiple methods or use 
multiple stages of analysis for the detection of AD. For 
example, Dufy et aP7 first found the optimal brainlscalp 
regions and then combined the beta and theta power for 
AD detection. Their split-half replication study found that 
the beta and theta power of the posterior temporal and 
parietal regions appear to be the most indicative of AD. 
They applied this method to one half of 60 mild to moder- 
ate AD and 129 normal aging subjects in order to find the 
best detection criteria. Using these criteria, they detected 
AD vs. normal aging correctly 86% of the time on the sec- 
ond half of their subject group. 

Another example is Jelic et aI@ who detected ADRD 
with a combination of coherence analysis and the relative 
theta power. They looked for the best discriminant variable 
to distinguish between 18 mild to moderate AD subjects and 
16 healthy controls and found that the most accurate dis- 
criminant variable was a combination of the relative theta 
power and temporoparietal coherence. This combination 
produced a sensitivity of 77.8% and a specificity of 100%. 
Similarly, Rodriquez et aIm used a combination of qEEG and 
measurement of regional cerebral blood flow to detect 
ADRD. They studied 42 MCI to moderately severe AD sub- 

cy of 77%. 
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jects and 18 normal aging subjects. A maximum discrimi- 
nant analysis produced a sensitivity of 88% and a specifici- 
ty of 89%; all 5 undetected subjects had MCI to mild AD. 

Other methods use variants of neural networks. These 
neural networks are first trained on normal and AD subjects 
and then applied to a new group. Petrosian et aI7O com- 
bined recurrent neural networks with wavelet processing to 
detect mild AD. They trained their network on 3 AD and 3 
normal aging subjects. The trained network was applied to 
7 AD and 1 0  normal aging subjects. Their best training and 
testing results produced a sensitivity of 71%, a specificity 
of 100% and a total accuracy of 88%. Similarly, Benvenuto 
et alrl used an extended iterative projection pursuit method 
(two stages of projection pursuit) to detect and distinguish 
15 MCI to moderately severe AD subjects from 17 control 
subjects. Their method yielded a sensitivity of 75%, a 
specificity of 100% and a total accuracy of 88%. 

In general, these methods were applied to groups of mild 
to moderate AD subjects; CDR stages 1 and 2. Methods that 
used one stage of analysis had an accuracy of about 75%. 
Techniques that combined multiple methods or used multiple 
stages of analysis had accuracies of about 88%. AD detec- 
tion methods that combined multiple methods or stages will 
generally have more free parameters than single stage 
methods. This means that they may be less robust. 

Our detection method is a one stage process. The 
specifics of the method are based on the neurophysiology 
of delayed recognition. This method was applied to 32 nor- 
mal aging and 16 very mild to mild ADRD subjects, CDR 
stages 0.5 and 1. Nine of the ADRD subjects scored as 
normals on CERAD memory tests. This method resulted in 
an accuracy of 92% for the total subject group. A matched 
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