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Introduction 

The increasing proportion of elderly people in our 
population makes it necessary for us to pay more 
attention to changes in physiological functions with 
respect to age. However, to age is not only to become 
elderly, and it is now well established that sleep 
undergoes changes at all stages of life. It is usual to 
separate the modifications associated with maturation 
from those occurring in adulthood and advanced age. 
This distinction is in part arbitrary, and it is likely that 
maturational processes partially overlap with involu- 
tional processes. 
Th e evolution of the main classical sleep parameters 
with age is known in broad outline, but there are still 
several points on which perfect agreement has not yet 
been reached. One of the best known modifications of 
slee p with age is the decrease of slow wave sleep; it is 
not known at present whether it represents a matura- 
tional or an involutional modification, although the 
first possibility is the most likely. In addition, it is not 
known whether these modifications are primarily 
related to changes in the amplitude, density or total 
number of slow. waves. This point has important 
implications for the consideration of possible mechan- 
isms responsible for this evolution. The comparison of 
EEG and subjective estimates of sleep indicates better 
correlations for some of them, such as sleep latency, 
than for others, such as within-sleep awakenings. 
Thus, the subjective awareness of the various com- 
ponents of sleep shows large differences. Not only 
aging modifies normal sleep, but pathological condi- 
tions as well. An interaction exists between depression 

and aging, suggesting that age-related changes in 
sleep are not merely superimposed on depression- 
induced changes, but that age-related changes ob- 
served in depressed people are different from those 
seen in normal subjects. Thus, rapid-eye-movement - 
(REM) sleep latency is stable as a function of age in 
normal people but shows a striking linear decrease in 
depressed patients. This observation not only has 
consequences for the use of biological measures for 
the diagnosis of depression, but may also have consid- 
erable implications concerning the physiopathology of 
this condition. 

Evolution of sleep in normal adults between 20 and 
60 years 

Although a number of studies of sleep and aging have 
been published, relatively few of them have systemat- 
ically covered a large age range and an adequate set 
of sleep parameters (Williams et al.2; Miles and 
Dement3). A study in normal adults between 20 and 
60 years old seemed likely to be interesting, because 
this is the age of most of the patients investigated for 
sleep disturbances. In addition, the decrease of slow 
wave sleep is one of the most prominent modifications 
of sleep in this age range. However, the validity of 
visual scoring of stages 3 and 4 is limited by the 
relatively low interscorer agreement. Automatic sleep 
scoring with electronic devices for measuring slow 
waves provides a greater precision in the assessment 
of these stages. 
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General trends of sleep stages as a function of sleep time in 4 age 
groups of normal subjects. 

Male (n=70) and female (n=46) normal subjects 
were recorded in the laboratory for 2 nights after 
1 habituation night. They were subdivided into 4 age 
groups (20-29, n=65;  30-39, n=28;  40-49, n=13 ;  
50-59, n =  10). Sleep was monitored with standard 
methods and scored with an automatic system pre- 
viously described (Gaillard and Tissot4). The hypno- 
grams and sleep parameters were stored in a data 
base; statistical estimations of age-related modifica- 
tions were realized by calculating the significance of 
the trend across all groups, with a significance level of  
p < 0.05. In addition, the functions describing the 
evolution of sleep stages as a function of sleep time 
were calculated by fitting with orthogonal polyno- 
mials (GaillardS). 

Total sleep time was longer in the 20-29-year-old 
subjects (490 min) and decreased similarly in the 
other 3 groups (469, 471 and 465 min respectively). 
There was no significant reduction of this parameter 
as a function of age, although the first 2 groups were 
significantly different from each other (p < 0.05, un- 
paired Student's t-test). 

Interestingly, waking revealed a significant age trend 
(p < 0.01) with values of 24, 30, 36 and 45 min in the 
4 age groups. Similarly, stage 1 (p < 0.05) and stage 2 
(p < 0.01) showed an age-related increase. Stage 3, 
although slightly reduced in the 2 older groups, did 
not yield any significant trend, whereas stage 4 was 
clearly diminished as a function of age (p < 0.05). The 
average values of stage 4 were 67, 36, 21 and 12 min 
respectively. REM sleep remained perfectly stable in 
this sample between 20 and 60 years. 
Sleep latency was calculated as the interval of time 
between the start of  the recording and the onset of the 
first episode of sleep lasting more than 1 min and 
containing at least 1 min of stage different from 
stage 1. This parameter was remarkably constant 
among all 4 age groups, with values of 13, 16, 11 and 
18 min. As usual, a relatively large variability was 
evident. The latency of stage 2 was independent of 
age, as opposed to the latency of stage 3, which 
increased significantly as a function of age (p < 0.05). 
The latency of stage 4 could not be accurately com- 
pared across age groups since several subjects of the 
older group had no stage 4. The latency of REM sleep 
remained stable with aging. Waking latency, which is 
a measure of  sleep stability, was markedly shortened 
with increasing age; not significantly so, however, 
because the change was not regular (415,368,355 and 
233 min respectively). The efficiency index, that is the 
ratio of total sleep time over time in bed, also mea- 
sures sleep stability. This index decreased regularly 
with age (p < 0.05); rather interestingly, the organiza- 
tion index was also significantly decreased (p < 0.01). 
This index is the ratio of  the number of minutes 
within complete cycles over the total number of 
minutes of sleep. According to our definition, a 
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complete cycle ends with REM sleep and is consid- 
ered as aborted if it contains more than 3 min of  
intervening wakefulness. Thus, the organization index 
is sensitive to bouts of waking interrupting NREM 
sleep before the onset of  a REM sleep episode. This 
index is also sensitive to disruptions of REM sleep, 
but as we have seen above, this is not the case in 
aging. The number of persomnic awakenings was 
3.99, 3.71, 4.92 and 5.80 in the 4 age groups. The trend 
was not significant. 
The analysis of the evolution of sleep stages as a 
function of  total sleep time confirms the observations 
made with the classical sleep parameters (fig.). The 
increase of  stage 1 and stage 2 was regularly distrib- 
uted during the night. Stage 3 showed a remarkable 
stability with age, contrasting to the marked decrease 
of stage 4. The modifications of  REM sleep were not 
related to age in a simple way. The general trend of 
this stage was slightly increased in the 40-49 years 
group, and slightly decreased in the 50-59 years 
group. 

These results are in good agreement with previous 
data of the literature (Williams et al.2). The most 
obvious modification of sleep as a function of age is 
the decrease of stage 4, contrasting with the stability 
of stage 3. A decrease of slow wave sleep has been 
observed in chronic primary insomnia, but more 
accentuated since it involved both stages 3 and 4 
(Gaillard6). These 2 stages are distinguished by the 
amount and amplitude of slow waves, that is by a 
quantitative difference. Therefore, it is possible that 
the insomnia-related and the age-related decrease of 
slow wave sleep are of the same nature and differ only 
in a quantitative way. A qualitative difference be- 
tween the 2 conditions could be another possibility, 
less likely than the former one, however, because in 
both conditions the decrease of slow wave sleep is 
associated with a lenghtening of the latency of stage 3 
(and of stage 4). This evolution is characterized by 
large variability between individuals, which could 
imply that there are large individual differences in the 
rate of aging, at least for this physiological parameter. 
Contrasting with the decrease of slow wave sleep is 
the very good stability of REM sleep in all its charac- 
teristics: total amount in minutes, latency and rhyth- 
micity of the ultradian sleep cycle. This stability is 
opposed to the current opinion of  a slight and pro- 
gressive decrease during adult life. 

It has been hypothesized that slow wave sleep is the 
expression of  a physiological hypnogenic mechanism 
(Gaillard6). If  this hypothesis is true, a relationship 
should exist between the parameters describing the 
sleep-waking balance and the amount of slow wave 
sleep. This relationship seems to exist, but not in the 
form of a simple correlation (Gaillard7). The present 
data further suggest that all the parameters describing 
the sleep-waking balance are not similarly affected. 

No clear age-related modification was observed for 
total sleep and sleep latency, and although the num- 
ber of  persomnic awakenings tended to be greater on 
older subjects, no age-related increase could be 
demonstrated here. The parameters showing a signifi- 
cant age-related change are total waking, stage 1, 
efficiency index and organization index. Thus it is 
possible that the decrease of  stage 4 is related to the 
decrease of sleep stability, but not necessarily to the 
onset and total duration of  sleep. 
The relationships between brain serotonin neuronal 
systems and sleep appear to be more complex than 
was believed until recently (Jouvet8). Serotonin neu- 
rons may control the synthesis or activation of  a 
hypnogenic factor, perhaps of  a peptidergic nature. It 
is possible, but purely speculative at present, that the 
synthesis of  this factor (or factors) decreases with age, 
or alternatively that the systems involved in sleep 
generation become less sensitive to this factor. 

EEG waveform profiles in N R E M  sleep in young and 
elderly normal subjects 

It is well known that elderly subjects show much lower 
amounts of high-voltage slow (delta) EEG waves 
during stage 1-4 (i.e. Non-REM- or NREM-sleep) 
than young adults (Feinbergg). However, the extent 
to which these differences depend upon changes 
in the amplitude, density or total number of 
delta waves has not previously been determined. 
Neither have there been quantitative comparisons 
between young and elderly subjects for the waveform 
characteristics of the other EEG frequency bands 
occurring in NREM sleep. Here, we present the 
waveform profile of the main EEG frequency bands 
in 41 young normal (YN) and 46 elderly normal (EN) 
subjects. 
The YN subjects were male college or medical 
students in good health. They ranged in age from 18 
to 29 years with a mean of 22 years. For a further 
description of these subjects, see Walker et a l )  ~ and 
Feinberg et al.ll. 
The EN subjects were retired school teachers partici- 
pating in an extensive study of sleep in relation to 
psychobiologic function in normal old age. For a 
detailed description of the rationale and methods in 
this investigation, see Feinberg et al. 12. The EN 
subjects ranged in age from 66 to 78 years with a 
mean of  72 years. 12 subjects were male and the 
remainder were female. (None of  the age differences 
in the sleep variables that are described below depend 
upon the sex composition of the 2 groups; a separate 
analysis of  elderly males and females, matched for 
age, revealed that the males showed greater devia- 
tions from the young adult values than did the 
females. Thus, the data reported below, which com- 
pare young males with a group made up largely of  
older females, underestimate the age effects.) 
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Sleep EEG and eye movements were recorded with 
the usual methods. The C3 EEG lead was recorded on 
an analog FM tape recorder and analyzed off-line 
with a period and amplitude analysis program 
(PANV35). This program computes various measures 
for the waveforms in each of several frequency bands 
using a baseline crossing method. PANV35 was de- 
scribed in detail in Feinberg et al. 13 and its repeat- 
ability in independent groups of young adults was 
reported in Feinberg et al. 14. In addition to the 
excellent consistency across similar groups of  subjects 
described in the latter article, PANV35 yields data 
with high within-subject night-to-night reliability. 
All subjects were recorded in the absence of  daytime 
naps or psychoactive drugs while carrying on their 
usual daily activities. 

Table 1 gives the results for 3 waveform measures. 
The values are means across subjects for a night on 
which at least 4 complete NREM periods (NREMPs) 
occurred and represent the means for these 
4 NREMPs. Because of  the interest of the low fre- 
quency EEG activity of  NREM sleep, the waves 
between 0.5 and 4 Hz were analyzed in I Hz incre- 
ments. 

Table 1 shows that the average sample amplitude 
(integrated ampli tude/t ime in band) was significantly 
lower in the EN group between 0.5 and 4 Hz. In the 
frequency bands above 4 Hz, the groups did not differ 
significantly in amplitude. It may seem surprising that 
alpha (8-12 Hz) and sigma (12-15 Hz) waveforms in 
the elderly were not significantly smaller than in 
young adults. We believe that separate measurement 
of  organized alpha and sigma bursts would indeed 
demonstrate that these patterns are o f  higher ampli- 
tude in young subjects. However, our computer pro- 
gram 'sees' and averages all waves in the 8-12 and 
12-15 Hz bands whether or not they are organized 
into sinusoidal patterns. We plan to develop pattern- 
recognition algorithms to measure the waveform 
characteristics of  sinusoidal alpha and sigma bursts. 
Table 1 shows that the EN subjects had higher mean 
frequencies of NREM EEG waves in each frequency 
band except 8-12 Hz. Table I also shows that the 
decreased number  of  delta waves in the EN subjects 
was limited to the 0.5-2 Hz range. The groups showed 
equal numbers of  2-3 Hz waves. For  each of  the 
frequency bands above 3 Hz, the EN subjects had 
substantially more waves in the average 20-sec epoch 
of  NREM sleep. 
It seemed possible that the difference between YN 
and EN subjects in the faster frequency bands might 
have been artificially exaggerated because in the YN 
subjects fast EEG waves in the early hours of sleep 
are often superimposed on high-voltage activity and 
therefore are not detected by baseline crossing analy- 
sis. To evaluate this possibility, we examined the 
waveform profile in the 4th NREMP, where EEG 

amplitudes approach their asymptote (Feinberg et 
al. 15) and where most waves cross the baseline. The 
relative amounts of activity in the 2 groups were quite 
similar - for all frequency bands - to the values 
shown in table 1. However, the absolute levels dif- 
fered as a consequence of  the changing EEG charac- 
teristics across NREM sleep. 
These data reveal that NREM EEG waveforms are 
markedly different in young and elderly subjects. In 
addition to their well-known reduction in delta ampli- 
tude (Agnew 16, Smith et al.~7), the elderly have fewer 
delta waves in the 0.5-2 Hz range and the average 
frequency in this particular band is higher. In the 
higher frequency bands, beginning at 4 Hz, the EN 
subjects show more waves of  significantly higher 
frequency. The one exception to this generalization is 
in the alpha (8-12 Hz) range where mean wave 
frequency in the elderly does not differ significantly 
from the YN adult value; however, the EN subjects 
again have substantially more alpha waves. 
In the near future, we shall test the relation of these 
NREM EEG patterns to cognitive function in the EN 
subjects. Over the longer term, it may become pos- 
sible to relate these age effects on the NREM sleep 
EEG to changes in brain neurotransmitter levels or 
metabolic rate. 

Subjective measures of  sleep in older populations 

As we move from our laboratories to respond to sleep 
in the clinic of  the day to day world, we can no longer 
be content with the relatively impersonal and objec- 
tive EEG measures of sleep. We must concern 
ourselves also with the subjective aspects of  sleep. 
These include such descriptive statements as estimates 
of  length of  time it takes to get to sleep, qualitative 
statements such as 'I sleep very lightly', 'I awake 
refreshed', or 'I slept poorly'. Such subjective observa- 
tions often serve as incentives for seeking drugs or 
professional help. The 'quality of life' relative to sleep 
is mediated by such evaluative states. They also are of 
theoretical interest in tha t  they give us hints as to 
which aspects of the sleep structure or patterns carry 
the main weight in engendering such responses. 
I f  one decides to use such measures, one has to find 
ways and means to gauge their level significance. How 
well do they measure what they are proported to 
measure? In this instance, how well do they measure 
important aspects of sleep? There are 3 general as- 
pects of validation: 1. Construct or content validity 
involves the selection of prima facie measures of a 
variable and its interrelations; 2. concurrent validity 
evaluates alternative methods of measuring the same 
construct; 3. predictive or criterion validity assesses 
the power of  measures as predictors of selected crucial 
independent variables. Here, we explore some aspects 
of the validity of 2 subjective measures - sleep onset 
latency and awakenings within sleep. 
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The popula t ion  unde r  study consisted of  heal thy 
subjects be tween the ages of 50 and  60 years. There  
were 40 male  and  40 female subjects. 
The subjects gave post-sleep subjective responses for 
2 weeks at home  to the questions:  'How m a n y  minutes  
would you est imate it took you to go to sleep last 
night? '  and  'Abou t  how much  total t ime did you 
spend awake after going to sleep? (None, less than  
5 min,  5-15 min,  16-30 min,  31-60 min,  more) ' .  In  
addit ion,  the males were asked: 'Do you r emember  
waking up last night? Yes, No, N u m b e r  of times', 
The quest ions were also answered after each labo- 
ratory recording night.  Subjects slept in the labo- 
ratory for 4 successive nights of E E G  recordings and  
measures  of sleep latency and  awakenings were 
derived from the E E G  recordings. 
Table  2 presents the onset la tency data  from the post 
sleep estimates (PSE) and the E E G  estimates. The 1st 
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set are the correlations of the measures  for laboratory 
nights 2, 3, 4, and  their averages (M). The  2nd  set are 
reliabil i ty estimates of  the PSE measures.  The N / N  
figures are the average night  to night  correlations; the 
14 days estimates are Spea rman-Brown  formula  ex- 
t rapolat ions from these correlations. The 3rd set gives 
the reliabil i ty data  for E E G  measures.  The last 
co lumn presents the correlations be tween  the PSE 
2 week means  and  the 3 night  E E G  means.  
These data  and  other studies indicate that the night ly 
latencies are perceived with considerable  accuracy by 
normal  subjects. The data also indicate  that, while 
both measures  f luctuate from night  to night,  reason- 
ably stable perceptions of  indiv idual  latencies and  
objectively measured  latencies are developed.  There  
was, par t icular ly in the males, a low correlat ion 
be tween PSE averages and  average E E G  measures of  
latencies. Some lack of correspondence may  be attr ib- 

Table 1. Means and SD of 3 computer measures of sleep EEG waveforms 

Frequency band (Hz) Age group Average sample amplitude (gV) Mean frequency (Hz) No. halfwaves per 
20-sec epoch 

Mean SD Mean SD Mean SD 

0.5- 1 YN 29.66 6.52 0.752 0.047 5.23 1.80 
EN 20.11 ~ 4.33 0.779̀ * 0.037 3.12 ~ 1.69 

1- 2 YN 21.54 6.73 1.44 0.032 16.84 3.10 
EN 15.07 ~ 3.67 1.49̀ * 0.034 13.66'* 3.01 

2- 3 YN 14.76 3.90 2.44 0.019 15.04 2.05 
EN 11.74 ~ 2.83 2.46 ~ 0.024 15.41 1.78 

3- 4 YN II 88 2.55 3.47 0.015 12.28 2.45 
EN 976 ~' 2.34 3.46̀ * 0.014 13.31'* 1.90 

4- 8 YN 8.87 1.77 5.51 0.088 32.38 8.51 
EN 8.16 2.06 5.71'* 0.098 47.14 ~ 9.74 

8-12 YN 6.85 1.34 9.69 0.055 26.45 8.28 
EN 6.29 1.72 9.71 0.055 38.28̀ * 10.71 

12-15 YN 4.92 0.91 13.28 0.022 14.00 4.88 
EN 4.72 1.45 13.32̀ * 0.028 18.86 ~ 5.65 

15-23 YN 3.37 0.68 17.86 0.069 19.69 6.38 
EN 3.48 1.42 18.15 ~ 0.124 30.02 * 9.94 

*̀p < 0.0001; F test with I, 85 degrees of freedom. The results are means across NREMPs 1-4 in young normal (YN; n = 41) and elderly 
normal (EN; n = 46) subjects. 

Table 2. Subjective and objective estimates of sleep onset latency 

PSE/EEG PSE EEG PSE (14)/EEG (3) 
II III IV M N/N 14 days N/N 3 days 

M 0.65 0.85 0.36 0.65 0.18 0.75 0.28 0.54 0.16 
F 0.52 0.70 0.78 0.65 0.22 0.74 0.45 0.71 0.40 

PSE: post-sleep estimates; EEG: EEG estimates. See text for explanation. 

Table 3. Correlational data relative to awakenings 

PSE/EEG PSE EEG PSE (14)/EEG (3) 
II III IV M N/N 14 days N/N 3 days 

PSE (time awake)/EEG (mins of W) 

M 0.35 0.43 0.70 0.52 0.24 0.82 0.33 0.47 0.04 
F 0.01 0.54 0.27 0.28 0.10 0.59 0.11 0.28 0.13 

PSE (N awake)/EEG (NW> 1) 

M 0.19 0.01 0.36 0.19 0.15 0.72 0.55 0.78 0.17 

PSE (N awake)/EEG (NW > 5) 

M 0.03 0.28 0.00 0.16 0.15 0.72 0.23 0.47 0.15 

PSE: post-sleep estimates; EEG: EEG estimates. See text for explanation. 
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uted to the atypical laboratory measurement condi- 
tions. However, these figures indicate inaccuracies of 
over and under ratings, which result in incongruent 
overall perceptions of sleep latencies relative to the 
objectively measured latencies. 
The subjective ratings of awakenings are more com- 
plex. Awakenings, unlike latencies, may vary in num- 
ber, amounts of time within awakenings and at times 
of the night and from different conditions of sleep. 
One person may awaken 10 times in 1 min intervals 
near sleep onset, another 1 time for a single 10 min 
interval late in the sleep period. 
Table 3 presents the correlational data relative to 
awakenings. The sets of data are comparable to the 
table of latency data. Amount estimates and number 
estimate relations are shown separately. Two 'num- 
ber' criteria for the EEG were used: all awakenings of 
more than 1 min in length (NW> 1) and only 
awakenings which exceeded 5 min (NW > 5). 
The data indicate that there were limited relationships 
between estimates of amount of wakefulness and 
EEG measures for the females. The males showed 
moderate relationships but essentially no relationship 
between average estimates. The subjective measures 
of the number of awakenings of the males, using 
either criterion, had little relationship to the EEG 
measures although these yielded reliable individual 
differences. Again, the average estimates were not 
significantly related. 
These data on normal subjects indicate, with the 
exception of nightly latency estimates, a limited corre- 
lation between subjective measures and electrophysio- 
logical measures of latency and within-sleep wakeful- 
ness. The literature indicates that these relations are 
yet more attenuated in insomniacs. Clinically and 
practically the findings indicate the necessity of 
choice, comparison and caution. Philosophically, they 
thrust on us many hoary and unresolved problems of 
mind/body relations. Technically, they point to a long 
road ahead in the development of valid means of 
assessing the quality of sleep. It is our suspicion that 
this path will be one in which psychological determi- 
nants will have considerable weight. 

Aging, EEG sleep and depression 

Despite the considerable activity in elucidating the 
electroencephalographic (EEG) sleep characteristics 
of depression, until recently sparse attention has been 
paid to the possible age-dependent relationships of 
these EEG sleep measures. This state of affairs is in 
contrast to the large number of normative studies on 
aging. In spite of differences in method, these norma- 
tive studies have demonstrated that age is a very 
powerful determinant of sleep patterns, affecting the 
length of sleep, its distribution within the 24-hour- 
day, and sleep-wake architecture. In a recent report 
examining the correlation with age of sleep variables 

in 87 inpatients with major depressive disorders, the 
variables sleep efficiency, intermittent wakefulness, 
delta sleep percent, and REM latency showed signifi- 
cant linear decreases with age (Ulrich et a1.18). This 
apparent age-related variability in the EEG sleep of 
patients with depression is important for several theo- 
retical and pragmatic reasons. First, as is well known 
in clinical psychiatry, the phenomenology of depres- 
sion shows age-related variability; hence, EEG sleep 
measures may provide information regarding the 
developmental psychobiology of depressive disorders. 
In this regard, it has been observed that the EEG 
sleep characteristics of depression appear to mirror 
changes of sleep in the elderly. Second, by controlling 
for age effects, it is reasonable to expect improved 
sensitivity, specificity and diagnostic confidence from 
the use of sleep measures in the differential diagnosis 
of depression. 
In reporting age-related curves for sleep variables in 
depressed inpatients ranging in age from 18 to 60 we 
concluded that there are definite differences in 
various age groups despite the common feature of a 
diagnosis of major depressive syndrome. REM laten- 
cy was shown to have a distinctive decline with age in 
this group of patients. The findings on sleep continu- 
ity and wakening supported the previously published 
data derived from normals at different ages. Although 
these data on depressed inpatients further our under- 
standing of sleep-age relationships, a key question 
was whether studies on inpatients, including delu- 
sional inpatients, are applicable in understanding age- 
related phenomena in depressed outpatients. As has 
been well documented, the majority of depressed 
patients are non-psychotic outpatients who may possi- 
bly show different age-depressive relationships than 
hospitalized depressed patients. Therefore a group of 
non-psychotic inpatients were compared with a group 
of outpatients to answer this question. 

The evaluation of 108 non-psychotic patients with 
major depressive syndrome (67 inpatients and 41 out- 
patients) ranging in age between 18 and 60 (mean age 
35.3 (12.0)) years demonstrated important age-related 
curves for sleep variables in depression. Few major 
sleep differences between outpatients and inpatients 
are found if they are matched for severity of illness. 
Based on these results, showing few differences be- 
tween the 2 groups, the data for the inpatients and the 
outpatients were combined and age-sleep relation- 
ships were examined in the entire group of 108 non- 
psychotic depressed patients. As in previous studies of 
inpatients alone (Ulrich et al.18), the EEG sleep in 
these depressed patients demonstrated definite age- 
group differences in a number of aspects of sleep 
continuity, sleep architecture and REM sleep. Most 
measures were either stable or revealed changes 
which were progressive with age. In table 4, which 
includes only the so-called age-stable measures, sleep 
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Table 4. Sleep variables without age trends in 108 depressed patients 
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Mean -+ SD Centiles 
1% 10% 25% 50% 75% 90% 99% 

Sleep continuity 
Total recording period (min) 408.1 _+28.0 348 376 387 406 426 450 476 
Sleep latency (min) 40.9 -+ 35.5 5 13 21.5 31 52.5 69 294 

Sleep architecture 
Percent of stage 2 61.69_+ 9.0 28 52 58 63 68 72 80 
REM percent 24.90_+ 6.07 5.6 18 21 25 29 33 37 

REM measures 
Number of REM periods 3.51_+ 0.83 1 2.5 3 3.5 4 4.5 5.5 
REM time (rain) 83.1 _+ 23.6 10.5 52.5 68 84 99 113 138 
REM activity* 116 _+ 62.4 3.5 55 78 102 146 184 394 

*Each minute of REM sleep is rated on a 9-point scale (0-8) for the relative amount of rapid eye movements occurring; the sum for 
the whole night provides the REM activity. 

Table 5. Sleep variables with age trends in 108 depressed patients 

Mean _+ SD F, Linear Median (50%) Range (1-99%) Number of 
trend cases at 0 

Sleep continuity 
Early morning awakening (min) 13.7 _+28.0 13.5 a 1 0-164 44 
Awake (min) 20.6 _+ 26.0 15.6 a 10 0-158 5 
Time spent asleep (rain) 332 _+ 55.0 13.6 a 343 88-445 
Sleep efficiency 0.82-+ 0.12 18.7 a 0.85 0.19-0.97 
Sleep maintenance 90.4 _+ 11.7 23.1 a 95 40-100 
Scaled sleep maintenance 34.4 _+21.1 57.6 a 27 2-100 

Sleep architecture 
Stage 1 percent 9.1 _+ 6.4 4.13 b 7 1- 48 
Delta percent 2.7 +_ 4.81 24.3 a 0 0- 26 63 
Percent of stage 2 REM 1.35_+ 1.43 3.6 c 0 0- 8 7 

REM measures 
REM latency (rain) 49.6 + 21.5 15.1 a 51 0-112 

ap < 0.001 ; bp = 0.05 ; Cp = 0.06. 

la tency and  du ra t ion  o f  R E M  per iods  d id  not  differ  
with age. Measures  o f  s leep cont inui ty  were again  
no tewor thy  for their  absence  f rom this age-s tab le  set. 
As d e m o n s t r a t e d  in tab le  5, m a n y  o f  the l inear  age 
t rends  were present  and  were ex t remely  significant,  
with F rat ios ranging  f rom 3.6 to 57.6. As expected,  
the ma jo r i ty  o f  s leep cont inu i ty  var iab les  were  found 
in this pa r t i cu la r  table.  In  addi t ion ,  with respect  to 
sleep archi tecture ,  s tage 1 percent ,  de l ta  percen t  and  
the percen t  o f  s tage 2 R E M  showed signif icant  l inear  
trends.  The  most  no tewor thy  R E M  measure  with a 
l inear  t rend was R E M  latency,  as well  as the square  
root  o f  R E M  latency.  A m o n g  the s leep archi tec ture  
measures ,  de l ta  s leep percen t  had  the highest  corre la-  
t ion with age and  it demons t r a t ed  that  63 o f  the 108 
pa t ien ts  had  no stage 3 or  4 del ta  s leep at all  dur ing  
the 2 nights  recorded.  Thus,  the ma jo r i ty  o f  pa t ien ts  in 
all the age-groups  d id  not  have any scorable  de l ta  
sleep. Sleep cont inu i ty  measures  showed sys temat ic  
age effects which were consis tent  for most  measures .  
These  inc luded  such var iables  as ear ly  morn ing  
awakening ,  bo th  in terms o f  presence  and  ac tua l  
n u m b e r  o f  minu tes  o f  ear ly  morn ing  awakening .  This 
was also pa r t i cu la r ly  true for the var ious  measures  o f  
s leep efficiency, inc luding  scaled sleep ma in t enance  
and sleep ma in t enance  itself. A t r ans fo rmed  var iab le  
l abe led  scaled sleep ma in t enance  had  a much  h igher  

F rat io  than  any  o the r  measure .  This represents  a 
no rma l i zed  measure  o f  s leep efficiency i n d e p e n d e n t  
o f  the effects o f  s leep latency.  A strong age t rend  
exis ted with the centra l  es t imates  o f  R E M  la tency  
ranging  f rom 58 to 32 rain in the oldest  group.  F r o m  
these figures, it is a p p a r e n t  that  ex t remely  short  R E M  
latency,  tha t  is, less than  20 to 30 min,  was more  
p reva len t  with increas ing  age. The  ma jo r  age l inear  
t rend  with shor tened  R E M  la tency conf i rmed  by  this 
s tudy can now al low us to use age correct ions  to 
improve  the app l i cab i l i ty  o f  b io logic  measures  in the 
specific d iagnosis  o f  depress ion.  
The  m a j o r  f ind ing  in these s tudies  is that  regard less  o f  
whe ther  one examines  inpa t ien ts  or outpa t ien ts ,  the 
re la t ionsh ip  be tween  s leep var iab les  and  aging  in 
depressed  pa t ien ts  appea r s  to be  qui te  s imilar .  These  
f indings  suppor t  the fol lowing conclusions concern ing  
s leep and  aging  in depress ion.  Sleep la tency does not  
a p p e a r  to be age- re la ted ,  but  m a y  in fact be  more  
re la ted  to env i ronmen t  or  to the severi ty o f  the 
pa t ien t s '  c l inical  condi t ion .  The  degree  o f  s leep dis- 
rup t ion  (sleep cont inu i ty  d i s tu rbance)  dur ing  sleep, 
which does re la te  to severi ty o f  i l lness (such as 
de lus iona l  and  non-de lus iona l  states),  also represents  
a set o f  age - re la t ed  measures .  Wi th  respect  to aspects  
o f  s leep archi tecture ,  the measures  in this s tudy 
conf i rm that  del ta  s leep and  stage 1 percen t  change  
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with age; however, this is not the case for REM sleep 
percent. With respect to specific REM measures, the 
findings in REM latency continue to confirm and 
strengthen the notion that REM latency shows a 
striking linear relationship to age in depressed 
patients. In contrast to expectations (controlling for 
delusional states), very few differences were found 
between depressed inpatients and outpatients. 
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Fetal gastric and colonic implants in syngeneic and allogeneic mice developing typical inflam- 
matory changes 
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Summary. Implants of  fetal stomach and colon under the kidney capsule of  syngeneic, and H-2 compatible and 
H-2 incompatible allogeneic mice were examined histologically at different t ime intervals after the procedure. 
According to the time of  implantation typical inflammatory changes were seen in syngeneic stomach and colon 
implants, which resembled changes seen in chronic atrophic gastritis and chronic ulcerative colitis. Immuno-  
fluorescence studies showed that the host developed antibodies against fetal antigens, while there was no 
evidence for cellular immune response to fetal syngeneic antigens with the direct leukocyte migration inhibition 
test. Possible explanations for these results are discussed. 

Introduction 

There are few experimental  models of  non-infective 
inflammatory disease of  the gastrointestinal tract. 
One of  these models is the orthotopical implantation 
of  fetal gastrointestinal tissue in adult mice. The 
technique of implantat ion of fetal mouse intestine 
under the kidney capsule of  adult mice was first 
introduced by Ferguson and Parrot 3. Fetal grafts have 
the great advantage that they have never been ex- 
posed to such external antigens as those of  food and 
microorganisms. Using small intestine implants Fer- 
guson and Parrot 3,4 and MacDonald  and Ferguson 1~ 
have shown that the morphological development 
parallels that of  the normally sited intestine of  the 
same age, while allografts had typical signs of  rejec- 

tion, such as lymphoid cell infiltration, cell damage 
and crypt hyperplasia. 
In this paper  we describe the histopathological 
changes in fetal colon and stomach implants in synge- 
neic and allogeneic mice and correlate the morpho- 
logical changes with humoral  and cellular immune 
reactions. The possible role of  fetal intestinal antigens 
for the development of  pathological changes is em- 
phasized. 

Material and methods 

Mice of inbred strains BALB/c  and C57bl /6J  were 
obtained from Simonsen Laboratories, Gilroy, Cali- 
fornia. DBA/2  mice were obtained from Jackson 


