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Topographic  E E G  changes  with normal  aging and S D A T  

J. Breslau *, A. Starr * *, N. Sicotte *, J. Higa * and M.S. Buchsbaum * 
• Department of Psychiatry, and * * Department of Neurologv, University of California, Irvine, CA 92717 (U.S.A.) 

(Accepted for publication: 13 October 1988) 

Summary EEG topography was compared in patients with senile dementia of the Alzheimer's type (SDAT), aged normal 
controls, and young normal controls to assess regional differences. The square root of absolute power was determined for each 
frequency using a Fast Fourier Transform (FFT). The normal elderly group showed a reduction in all 4 frequency bands, delta, theta, 
alpha and beta, at each of 32 leads when compared to the young controls. Z-transformation of the data revealed differences in 
topography. Older normals showed significantly greater mid-parietal and left mid-temporal delta than the younger controls. A similar 
pattern was seen for theta activity. Elderly controls showed relatively less occipital alpha and greater mid-parietal alpha. Beta activity 
demonstrated these same significant topographic differences. The elderly/SDAT comparison was significant for delta only. SDAT 
patients were characterized by a marked delta asymmetry in temporal regions which was not seen in the elderly normals. 

Key words: EEG topography; Aging; Senile dementia; Alzheimer-type senile dementia 

Although specific changes in the electroen- 
cephalogram have been reported to occur with 
advancing age, the distribution between normal 
and pathological aging has not been established 
with precision. Obrist and Busse (1965) described 
4 trends in the aging EEG: slowing of the alpha 
rhythm, increased fast activity, diffuse slowing, 
and focal disturbances. Over the past two decades, 
these general trends have been further refined 
(Obrist 1978) and attempts have been made 
to associate specific EEG abnormalities with 
unique pathological developments (Drachman and 
Hughes 1971; Johannesson et al. 1979; Stigsby et 
al. 1981; Soininen et al. 1982). With the applica- 
tion of quantitative methods to EEG analysis, 
investigators have measured the changes in 
frequency and amplitude of the EEG recording. 

The first quantitative report on normals and 
demented patients (Obrist and Henry 1958) found 

Correspondence to: Monte S. Buchsbaum, Department of 
Psychiatry, University of California, MED SCI I, Room D404, 
Irvine, CA 92717 (U.S.A.). 

increased slow activity in the demented patients; 
relative power measures showed greater dif- 
ferences than absolute voltages. Matou~ek et al. 
(1967) found decreased EEG power at all frequen- 
cies with increasing age; the highest correlation 
was temporo-parietal delta. Most recent studies 
have reported relative rather than absolute power 
and have not found significant differences be- 
tween younger and older normal controls (Penttil~i 
et al. 1985; Giaquinto and Nolfe 1986), although 
in a unique longitudinal study Coben et al. (1985) 
did show delta increases. The visually assessed 
records of 420 normals (Hughes and Cayaffa 1977) 
also showed increased slow waves with increasing 
age, inconsistent with the earlier study of Matougek 
et al. (1967). 

Obrist and Busse (1965) raised the question of 
whether EEG changes in senile dementia were 
merely pronounced aging or a separate and specific 
pathological process. Niedermeyer (1981) suggests 
that 'EEG changes ascribed to old age are essen- 
tially the result of a variety of pathological devel- 
opments; there is only a small niche left for old 
age as such as a causative agent.' This viewpoint is 

0013-4649/89/$03.50 © 1989 Elsevier Scientific Publishers Ireland, Ltd. 



282 J. BRESLAU ET AL. 

supported by recent data (Penttila et al. 1985; 
Giaquinto and Nolfe 1986), which did not show 

normal old/young differences but did differenti- 
ate normal old/dementia spectral findings. 

Using topographic mapping of computerized 

EEGs, Duffy et al. (1984) found right temporal 
slow activity in younger patients with Alzheimer’s 

disease and frontal slow activity in older patients. 
The new capacity for regional analysis of func- 
tional activity offered by positron emission 
tomography has also been applied in Alzheimer’s 
disease (Friedland et al. 1985; Duara et al. 1986; 
Miller et al. 1987). They report decreased tem- 
poral/parietal metabolic rates without occipital 

decreases - a pattern consistent with the histo- 

pathology and the topographic findings of Duffy 
et al. (1984). This suggests the importance of 
systematic regional assessment of EEG in SDAT. 

In this study, we have analyzed 32-lead re- 
cordings from normal elderly subjects and pa- 
tients with senile dementia of the Alzheimer’s type 
(SDAT). This study extends earlier studies with 
higher resolution EEG imaging and explores the 
effect of reference electrode choice. 

Method 

Patients 
Eight right-handed individuals with SDAT (4 

males, 4 females, mean age 70, SD. 5.1) had 

EEGs recorded as part of the diagnostic work-up 
in the Memory Disorders Clinic at UCI. The 
diagnosis of SDAT was made after the studies 
were completed by one of us (AS.) without 

knowledge of EEG results. 

Controls 

Elderly controls (8 males, 7 females, mean age 
70, S.D. 7.8) were selected from among volunteers 
at 3 Senior Day Centers in Orange County. They 

were screened to include only those without neu- 
rological or psychiatric disorders, epilepsy, recent 
drug or alcohol dependence, previous head injury. 
or those taking psychoactive medications. All were 

right-handed. 
Young controls (5 males, 5 females, mean age 

23, S.D. 4.8) were screened with the same criteria 
as the elderly group; all were right-handed. 

EEG recording 

All recordings were made in the morning in a 

sound-attenuated room under identical conditions. 

Subjects were seated in a reclining chair at a 45” 
angle, with a headrest adjusted to minimize neck 
muscle tension. They were instructed to keep their 
eyes closed throughout the session and remain as 
relaxed as possible. Resting EEGs were recorded 
with the lights extinguished. 

EEGs were recorded in three 30 set periods. 
After each recording, subjects were asked if they 
were drowsy. Records that showed evidence of 
sleep or excessive movement were discarded. Typi- 
cally 30-40 2.56 set blocks were included in the 

analysis. 
Alerted EEG data were obtained from a second 

set of 3 blocks, recorded while subjects listened to 

a tape-recorded story. 
Electrodes were placed on 32 positions over the 

scalp surface, using the international lo-20 sys- 
tem plus 5 interpolated leads on each hemisphere 
and 2 interpolated midline positions with linked 
ears as reference (see Fig. 1). 

Computer analysis 

Data were collected with an on-line computer 
system. EEG activity for spectral analysis was 

amplified with a 3 dB bandpass of 0.5-50 Hz and 
digitized for each channel at 200 Hz and recorded 

in 2.56 set blocks (512 points). All 32 leads for 
each epoch were inspected for artifacts, eye blink 
and movement. Any 2.56 set epoch containing 
artifacts was eliminated from further analysis. The 

amplifiers were calibrated by recording a 10 Hz 
standard signal through all channels and de- 
termining the calibration factor for each channel. 
Before analysis, each channel was thus propor- 

tionally adjusted. A window function consisting of 
a 10% cosine taper was obtained by weighting the 
25 points at either end of each 2.56 set epoch by a 

cosine bell. A standard fast Fourier transform was 
applied to each of the artifact-free 2.56 set epochs 
in a recording and the power estimates were com- 
puted at 0.39 Hz steps. The transform yielded a 
value representing the average magnitude, ex- 
pressed in microvolts (square root of power). This 
was calculated as the square root of the sums of 
the squares across the 0.39 Hz steps and yields the 
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Fig. 1. Placement of 32 electrodes at s tandard 10-20 system 
locations, midline and interpolated midline positions in centers 

of squares formed by the 10-20 system. 

sine wave equivalent in microvolts. The band- 
widths for each frequency were: delta, 0.8-4.3 
c / sec ;  theta, 4.7-7.8 c/sec;  alpha, 8.2-12.9 c/sec;  
beta, 13.3-19.9 c/sec.  In a second analysis, we 
recomputed all EEG leads based on a digital 
computer averaged reference and repeated the 
spectral analysis in exactly the same way. 

I errors caused by falsely inflated df in repeated 
measures ANOVA. Where significant (P  < 0.05) 
lead × group interactions were found, the ANOVA 
was repeated, using values normalized with a z- 
transformation to correct for a possible multi- 
plicative effect produced by differences in source 
strength (McCarthy and Wood 1985) and to 
eliminate differences due to overall reduction in 
EEG power. This was done by calculating the 
mean and standard deviation across the values for 
the 32 leads and then reexpressing each lead as 
(lead v a l u e -  mean) /s tandard deviation. The z- 
transformed frequency bands yielding significant 
lead × group interactions were selected for further 
analysis, consisting of the calculation of group 
means and t tests at each of the 32 leads, using 
the BMDP3D program (Dixon et al. 1981). 

Lastly, it should be noted that our major hy- 
pothesis based on the PET results of Friedland et 
al. (1985), an increase in delta in the tempora l /  
parietal region, is tested statistically by the appli- 
cation of only one statistical test, the group × lead 
ANOVA interaction. This was followed by post- 
hoc t tests on each lead. Figures showing these 
contrasts were developed. Multilead t values are 
used to exhibit the effect graphically and each 
EEG frequency band is reported systematically as 
exploratory analyses for literature comparison and 
replication. These post-hoc t tests are presented 
only to illustrate the regional effects of statistically 
confirmed lead interactions. 

Results 

Topographic mapping 
Continuous surface density maps of the entire 

scalp surface were created from these values, using 
a 4-nearest neighbor interpolation algorithm 
(Buchsbaum et al. 1982a, b). 

Stat&tical analysis 
Differences between groups were assessed for 

each frequency band separately using a 3-way 
ANOVA with the BMDP2V program (Dixon et al. 
1981) with repeated measures: lead (1-32) × group 
(young, elderly, S D A T ) ×  sex. Huynh-Feldt re- 
duced degrees of freedom were used to avoid type 

(1) Aging amplitude maps 
The normal elderly group showed an overall 

reduction in EEG amplitude for all frequency 
bands. This was statistically confirmed with a 
group effect in all 4 ANOVAs, for delta, theta, 
alpha and beta. Delta change is shown in Fig. 2 
(group effect, F =  28.2; df= 1, 21; P < 0.0001). 
The decrease was greatest (about 8/zV) over visual 
cortex (O1) and least (about 2 /~V) over left ante- 
rior temporal cortex (T3). This was statistically 
confirmed by ANOVA (lead x group interaction, 
F = 4.82; df= 3.46, 72.6; P = 0.0027). Similar sig- 
nificant reductions were seen for theta, alpha and 
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MEAN DELTA ACTIVITY 
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Fig. 2. Left: mean topographic maps  of delta activity in young controls, elderly controls and SDAT patients; scale is in microvolts. 
Right: map of 32 t values for e lder ly /SDAT contrast done on each lead as post-hoc tests following significant l e ad×group  
interaction using ANOVA  with appropriate reduction in degrees of freedom (see text). Numbers  next to scale give lower limit for the 
gray scale box. Thus  t values between - 1 . 0 8  and - 0 . 6 8  appear white and t values greater than 2.08 appear black. Black is P < 0,05, 

2-tailed; SDAT higher than controls. 

beta for both group and group X lead effects. 
Lead X lead t tests confirmed an all over signifi- 
cance pattern. 

Next, normalized maps were explored because: 
(1) the amplitude reduction was significant at 
nearly all leads, obscuring topographic dif- 
ferences, and (2) McCarthy and Wood (1985) have 
suggested that F ratios for the lead x group inter- 
action could be spuriously elevated by multiplica- 
tive effects produced by change in source strength, 
and that such biases are removed by normaliza- 
tion. 

(2) Aging normalized maps 
(a) Delta. Both young and elderly subjects 

showed a predominantly midline distribution (Fig. 
3). However, younger subjects had relatively more 
occipital and right posterior temporal delta 
whereas older subjects showed higher mid-parietal 
and left mid-temporal delta. This was confirmed 
by ANOVA (lead x group interaction, F = 4.94; 
df= 6.0, 126.1; P = 0.0001). Similar and signifi- 
cant results were obtained on auditory alerting. 

(b) Theta. Like delta, theta showed (Fig. 3) a 
midline distribution, with younger subjects show- 
ing increased occipital and decreased posterior 
temporal activity (lead x group interaction, F =  
3.25; df= 6.9, 144.8; P=0.003).  Again, similar 
significant results were obtained with alerting. 

(c) Alpha. An occipital peak for alpha with a 
left asymmetry is seen in the young group, whereas 
the elderly show (Fig. 4) a midsagittal distribution 
(lead x group interaction, F = 8.03; df = 9.1, 
191.0; P < 0.0001). Alerting results were similar 
and significant. 

(d) Beta. The midline and occipital beta max- 
ima (Fig. 4) seen in young subjects are diminished 
in the elderly (lead x group interaction, F =  5.73; 
df= 13.4, 281.4; P < 0.0001). Alerting results were 
similar and significant. 

(3) SDAT 
A significant lead x group interaction between 

the normal elderly and SDAT patients was only 
found for delta ( F =  7.20; d r=  8.3, 158.1; P < 
0.0001). Whereas the highest amplitudes for the 
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DELTA Z-TRANSFORMATION 
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Fig. 3. Left: mean normalized topographic maps of delta and theta activity in young and elderly normal controls. Scale on the left is 
in standard deviation units. Black indicates a lead which on the average is 1.3 S.D.s above the mean value for all 32 leads. Thus 
midline leads, in most subjects relatively high in delta and theta compared to other scalp areas, have values above 0.0. Since not all 
subjects have maximum at exactly the same lead, highest values average out around 1.3-1.8 rather than 2.0-2.3 expected from a 1 out 
of 32 deviation. Right: maps of 32 t test comparisons between young and elderly done post hoc following a significant lead×group 

ANOVA. Black is P < 0.05, 2-tailed, younger controls higher than elderly controls. 

S D A T  pat ients  occurred frontally, the normal  
elderly had peaks over the midsagit tal  plane, at 

leads FC, CP1 and  CP2, and  PO1 and  PO2. Both 
groups demons t ra ted  m i n i m a  over the temporal  
lobes (Fig. 5), bu t  the S D A T  pat ients '  delta am- 
pl i tudes were higher in a region inc luding  the 
anter ior  superior areas of the temporal  lobes. In  

addi t ion,  the normal  elderly had higher delta on  a 
midsagit tal  line, over the parietal  and  superior 
occipital areas. These f indings are i l lustrated with 
t test maps  for normal ized data  as well as for 
average reference data  (Fig. 6). 

Using posi t ron emission tomography to assess 
regional b ra in  activity in SDAT, Fr ied land  et al. 
(1985) found  a greater hemispheric asymmetry  in 
glucose metabol i sm in the temporal  lobe, which 

appeared sometimes as right greater than left and  
sometimes as left greater than  right. Because of 
this finding, we examined asymmetry  in our  delta 
values. To assess the asymmetry  of the delta in-  

crease, we compared the difference between left 
and  right delta ampli tudes  in the no rma l  elderly 
and  S D A T  groups. This difference was computed  
as the absolute value of the difference so that a 
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Fig. 4. Left: mean normalized topographic maps in young and elderly normal controls. Scale is in standard deviation units. Thus 
black indicates a lead which on the average is 1.66 S.D.s above the mean alpha value for all 32 leads. For beta, black indicates a lead 
which on the average is 1.38 S.D.s above the mean for all 32 leads. Right: maps of 32 t test comparisons between young and elderly 
controls done post hoc following a significant lead × group ANOVA. Black is P < 0.05, 2-tailed, young controls higher than elderly 

controls. 

high value reflected a greater asymmetry regard- 
less of direction (as in the Friedland results). The 
Alzheimer's patients had a significantly grea ter  
asymmetry over temporal  cortex (T3, T4) than 
normals (mean 1.95, S,D. 1.8, vs. mean 0.75, S.D. 
0.4; t = 1.86, df = 1, 21, P < 0.05, 1-tailed), but 
not over frontal cortex (F7, F8) (0.56 and 1.19, 
respectively, P = n.s.). Using a criterion of 1.7, we 
identified 4 of 8 patients with SDAT but no 
normals ( P < 0 . 0 5 ,  Gail-Green test; Gail and 
Green 1976). Typical EEG tracing is shown in 
Fig. 7. Similar significant results were obtained 
during alerting. 

D i s c u s s i o n  

We have shown some well-delineated local EEG 
changes that occur in the process of normal aging. 
.Although diffuse slowing has been generally asso- 
ciated with intellectual impairment (Obrist 1978), 
we found different cortical areas showing different 
changes - -  occipital area showing the greatest 
microvolt decrease with aging and temporal the 
least. On normalized maps, older subjects had 
relatively more parietal and temporal  delta. This 
was true of maps using the average reference as 
well as linked ears, indicating that the low tem- 
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Fig. 5. Left: mean normalized maps of delta activity in elderly controls and patients with SDAT. Right: t comparison map shows 
significantly higher (white) delta in SDAT in temporal and posterior frontal areas and significantly lower (black) delta in midline 

areas. 
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Fig. 6. Left: mean normalized maps of delta activity in elderly controls and patients with SDAT using average reference. Note that 
the left anterior temporal lobe and left posterior frontal region show relatively more delta activity in patients than the controls. Right: 
t comparison map shows significantly higher (white) delta in SDAT in anterior temporal and posterior frontal areas and significantly 

lower (black) delta in rnidline and posterior temporal regions. 
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Fig. 7. Examples of EEG recorded in 3 patients ($1, $2, $3) 
with SDAT and 3 elderly controls (C1, C2, C3) for right and 
left frontal and temporal leads. Top line (S1) is a patient who 
dramatically illustrates the asymmetry in slow activity in the 
temporal leads but not frontally. Controls show fair symmetry 
in all leads. Spectral analysis on the entire sample, on the 90 
sec recordings for all 32 leads, revealed that the quantitative 
shift to greater slow activity in anterior temporal regions was 
greater in SDAT patients. The difference in regional delta 
pattern between groups, suggested by the tracings but difficult 
to identify unambiguously by visual inspection, was confirmed 

by ANOVA, P < 0.0001 (see text). 

po ra l  amp l i t ude  we observed  is not  merely  due  to 
the use of  a l inked ear  reference close to t empora l  
leads.  We have prev ious ly  no ted  very s imilar  del ta  
act ivi ty  d i s t r ibu t ions  with ear  and  average refer- 
ence me thods  (Buchsbaum et al. 1982a). 

The  loca l iza t ion  of increased  slow act ivi ty  to 
the t empora l  lobe  in aging is of ten repor ted  
( D r a c h m a n  and  Hughes  1971; O ' C o n n o r  et al. 
1979; Torres  et al. 1983) and  has  genera l ly  been  
cor re la ted  with  the deve lopmen t  of  pa tho log ica l  
processes.  Our  resul ts  show a re la t ive  increase  in 
de l ta  over  the left  t empora l  lobe  in  no rma l s  wi thou t  
the appea rance  of  c l in ical ly  s ignif icant  cogni t ive  
impa i rment .  A large a s y m m e t r y  in t empora l  de l ta  
was a d is t inct ive  fea ture  of  the group of S D A T  
pat ients .  

N o r m a l  subjects  showed a loss of the typical  
a lpha  occipi ta l  m a x i m u m  with age, bu t  had  dif- 

fuse relat ive increases in a lpha  a m p l i t u d e  cent ra l ly  
and  tempora l ly .  N o  di f ference  in occ ip i ta l  a lpha  

be tween norma l  e lder ly  and  S D A T  was found.  
This  is consis tent  with the visual  spar ing  r epor t ed  
in S D A T  and indica tes  a qual i ta t ive  d i f ference  
be tween no rma l  aging and  the S D A T  process .  

A t  the highest  f requency ana lyzed  in this s tudy,  
be t a  1, the changes  in a m p l i t u d e  with advanc ing  
age para l le led  those for a lpha:  the a m p l i t u d e  p ro-  
gressed f rom the occ iput  to a cent ra l  locat ion.  

Our  lack of  s ignif icant  lead  x group  interac-  
t ions for theta,  a lpha  and  beta1 in A N O V A  con-  
trasts  of  the no rma l  e lder ly  and  S D A T  groups  
suggests that  there may  be E E G  record ing  changes  
that  are a pp rop r i a t e ly  associa ted  with  age ra ther  
than  pa thology .  The  one f requency that  y ie lded  
s ignif icant  results  with A N O V A ,  del ta ,  had  a low 
ampl i tude  in the S D A T  pa t ien t s  in one  area  of  the 
b ra in  and a higher  amp l i t ude  f ronta l ly ,  aga in  re- 
f lect ing a change  in d i s t r ibu t ion  that  may  not  be 
recognized with conven t iona l  E E G  analysis .  

The  stat is t ical  me thods  e m p l o y e d  to cons t ruc t  
the maps  a l lowed us only to dep ic t  group effects. 
However ,  the group analysis  may  have obscured  
pa tho log ica l  changes in the S D A T  pa t ien t s  that  
occurred in d i f ferent  loca t ions  for each subject.  
One  a p p r o a c h  to this p r o b l e m  was the analys is  of 
abso lu te  values of  hemispher ic  d i f ferences  which 
detects  gross asymmet r ies  in e i ther  lobe  even if 
subjects  are equal ly  d iv ided  into  right and  left 
hemisphere  abnormal i t ies .  
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