
Eye Movement Activity during 
Sleep and Intellectual 
Function in Mental Retardation 

Abstract. A positive relation was 
found between the amount of eye move- 
ment during rapid-eye-movement or 
paradoxical sleep and estimates of in- 
tellectual level in a group of retarded 
adults. This result supports the hypoth- 
esis that during sleep the brain carries 
out processes important for cognitive 
function. 

Jackson appears to have been the 
first to propose that during sleep the 
brain carries out processes vital to its 
plasticity. He suggested that these proc- 
esses were especially important for such 
aspects of cognition as memory and 
problem-solving (1). More recently, 
Moruzzi put forward a similar hypothe- 
sis on the basis of neurophysiological 
considerations (2), and we independ- 
ently proposed this view on the basis of 
several experimental observations (3). 
Among these observations was evidence 
that, within groups of both normal aged 
subjects and those with mental deteri- 
oration (chronic brain syndrome, CBS) 
certain sleep variables are correlated 
with independent measurements of the 
level of intellectual function. Thus, for 
15 normal aged subjects, scores on the 
performance scale of the Wechsler 
Adult Intelligence Scale (WAIS) (4) 
were correlated (r = + .71, P < .01) 
with the amount of emergent stage 1 
electroencephalogram (EEG), a measure 
of rapid-eye-movement (REM) or 
"paradoxical" sleep. In ten patients with 
CBS, the correlation coefficient (r) be- 
tween these variables was +.72 at 
P <.05 (5). 

We have now attempted to test the 
generality of this relation between REM 
sleep and intellectual level by studying 
patients whose intellectual deficit re- 
sults from mechanisms other than those 
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Fig. 1. Mean percentage (for nights 3 
to 5 of study) of 20-second intervals of 
sleep with eye movement plotted against 
WPPSI scores. Data points for the three 
subjects over 50 years of age are circled. 
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presumed to operate in normal and 
pathological aging. We recorded EEG 
and eye movement continuously during 
sleep in 32 mentally retarded patients. 
Each patient was studied for five con- 
secutive nights with conventional (6) 
methods of recording. It was possible 
to obtain estimates of intellectual level, 
with the Wechsler Preschool and Pri- 
mary Scale of Intelligence (WPPSI) 
(7), in 27 of these subjects. Included 
were seven mongolian, six phenylketo- 
nuric (PKU), four brain-damaged, and 
ten undifferentiated patients. The me- 
dian age of these 27 subjects was 36.5 
years (range from 17.6 to 59.8 years). 
Those who scored the sleep tracings 
had no knowledge of the WPPSI re- 
sults, and this latter test was adminis- 
tered by consultant psychologists who 
were unaware of the records taken dur- 
ing sleep. 

Although the amount of emergent 
stage 1 electroencephalogram was sig- 
nificantly correlated with psychometric 
scores (Spearman rho = + .44, P < .05), 
a better relationship to intellectual func- 
tion was found for another index of 
REM sleep, the degree of eye move- 
ment. Figure 1 plots WPPSI scores 
against the percentage of 20-second in- 
tervals of sleep with eye movement 
for the entire patient group since the 
number of subjects studied thus far is 
insufficient to permit separate analysis 
by diagnostic subtype. The rank-order 
correlation coefficient (rho) for this 
scattergram is + .67 (P < .001). This 
figure was based on eye movement 
scores for each subject for nights 3 to 5 
of study, because the patients showed 
low total sleep time on the first two 
nights ["first-night effect" (8)]. How- 
ever, the values for rho based on mean 
eye movement over five nights and for 
the fifth night alone (when adaptation 
was complete), were essentially the 
same (rho = + .66 and + .72, respec- 
tively). 

These findings indicate that the rela- 
tion between psychometric scores and 
eye movement did not depend on anxiety 
induced during adaptation to the labo- 
ratory. Neither was age a factor in pro- 
ducing this relation; the correlation 
coefficient between WPPSI scores and 
age was insignificant (rho = - .18). In 
addition, omission of data for the three 
subjects over age 50 years led to an in- 
crease rather than a decrease in the cor- 
relation coefficient between eye move- 
ment and WPPSI scores (rho = + .76). 

These results further support the view 
that during sleep the brain carries out 
processes required for cognition, and 

that measurement of the electrophysio. 
logical concomitants of these processes 
provides an index of intellectual level, 
at least in individuals with varying de- 
grees of cognitive impairment. Of 
course, one cannot infer causation from 
correlation, and the alternative possi- 
bility-that sleep pattern and intellec- 
tual level vary jointly as a function of 
some third factor (such as brain dam- 
age)-cannot presently be excluded. A 
decision between these possibilities must 
await knowledge of the neurophysio- 
logical mechanisms which underlie cog- 
nition; one of the virtues of the sleep- 
cognition hypothesis is that it suggests 
new directions for research into these 
mechanisms. Whatever theoretical view 
is correct, the accumulating empirical 
evidence indicates that the EEG of sleep 
is a more sensitive index of the integ- 
rity of brain function than any other 
physiological measure (9). 
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