
Abstract Alterations of sleep can be observed poly-
somnographically in approximately 90 percent of de-
pressed patients. Most of the registered sleep abnormali-
ties in depression also occur in other psychiatric disor-
ders. Only some types of REM sleep alterations – short
REM latency, increase of REM density and shortening of
mean latency of eye movements – were reported as more
specific for affective disorders. 

In the present study polysomnograms of 21 medication
free patients with major depressive disorder (assessed
with a structured interview for DSM-III-R and Hamilton
Scale) and 21 healthy controls were analysed. REM la-
tency (LREM), REM density (RD), latencies of eye
movements (LEM) and mean latency of eye movements
(M-LEM) were calculated for both groups. Depressed pa-
tients (compared with healthy controls) showed increased
RD (38.2% vs. 28.2%, p < 0.0001), shortened M-LEM
(35.7 s vs. 48.3 s, p < 0.04) and shortening of LEM in the
1st (28.9 s vs. 48.9 s, p < 0.007) and 4th (27.0 s vs. 59.1 s,
p < 0.043) REM sleep periods. LREM was not shortened
significantly in depressives (78.5 min vs. 91.3 min, ns). In
healthy subjects a negative correlation between M-LEM
and RD was found (rho = - 0.47, p < 0.03). 

Since in the current study depressed patients differed
from healthy controls, especially concerning phasic activ-
ity during REM sleep, presented data support the essential
role of REM density for the assessment of sleep in de-
pression. As a quick and easy manner to compute mea-

surement, M-LEM is suggested as additional parameter
for the assessment of phasic activity during REM sleep.
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Introduction

Abnormalities of sleep pattern observed in patients with
primary depression are some of the most reliable biological
parameters for this disorder. Prolongation of sleep latency,
increased number of awakenings, especially in the second
half of the night and early in the morning, reduction of
delta sleep, short REM latency and increase of REM den-
sity, especially during the first REM period, are the most
common sleep disturbances in depression (Benca et al.
1992; Berger & Riemann 1993; Gillin et al. 1984; Kupfer
1976; Kupfer et al. 1978, 1980; Lauer et al. 1991; Riemann
et al. 1994). Most of these sleep abnormalities however,
also occur in other psychiatric disorders. Only some types
of REM sleep alterations, e.g. short REM latency (Kupfer
1976) and increase of REM density (Lauer et al. 1991; Rie-
mann et al. 1994) were described as more specific for de-
pression. In most of the studies on the sleep of depressed
patients, REM latency showed negative age dependence and
became increasingly shortened with progressive age in de-
pressed patients compared to healthy controls. REM den-
sity was unrelated to age and was heightened in depressed
patients compared to that in healthy controls throughout
the whole age range (Gillin et al. 1981; Lauer et al. 1991;
Riemann et al. 1994). Therefore, REM density seems to be
the most reliable marker for sleep in depression.

In the early 1980s two additional parameters of REM
sleep: latency of eye movement (LEM) - time between the
start of REM sleep period and the first eye movement in
this REM period – and mean latency of eye movements
(M-LEM) - mean value of the latencies of eye movements
from all REM sleep periods – were proposed (Jernajczyk
1986). Since this time the usefulness of LEM and M-LEM
for assessment of sleep recordings has been evaluated in
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different groups of psychiatric patients, especially patients
with affective disorders (Jernajczyk 1986, 1995a). Also
the influence of some psychotropic drugs on M-LEM and
LEMs was described (Gillin et al. 1994; Jernajczyk 1995b;
Kobusiak and Jernajczyk 1990). In the initial report on M-
LEM by Jernajczyk (1986) a significant shortening of M-
LEM and LEM in 1st and 3rd REM sleep periods was
found in bipolar depressed patients compared to healthy
subjects. It is interesting to note that the difference in M-
LEM between depressed patients and healthy controls in
this study was higher than the difference in REM latency
– the best established and described parameter for sleep in
depression. Further, it was suggested that M-LEM might
be a more sensitive indicator of the phasic events of REM
sleep than REM density. Similar results for M-LEM and
LEM were obtained in a study investigating changes of
REM sleep parameters after a single dose of ipsapirone (a
5HT1A receptor agonist) in healthy volunteers (Gillin et
al. 1994). In the light of these reports, M-LEM seems to
be a very promising parameter as an indicator of phasic
activity in REM sleep to discriminate depressed patients
and healthy subjects in a reliable and valid way. Since the
previous observation on M-LEM were performed only in
relatively small samples of patients and healthy subjects
(n = 10), the aim of the present study was to confirm ear-
lier observed changes in M-LEM and LEMs in a larger
sample of depressed patients, and to compare M-LEM
with REM density and REM latency. 

Methods and Materials

Twenty-one randomly selected polysomnograms of patients with a
major depressive disorder (15 females and  6 males) with a mean
age of 38.9 ± 11.9 (range: 19-56), and twenty-one polysomno-
grams of healthy controls (8 females and 13 males) with a mean
age of 35.6 ± 9.5 (range: 24-53) were studied. The diagnosis of 
depression was confirmed with the structured clinical interview for
DSM-III-R, German Version (Wittchen et al. 1987). The 21-item
Hamilton Rating Scale for Depression (Hamilton 1960) was used
to rate the patient’s mood. Patients with comorbid psychiatric dis-
orders or suffering from significant medical disorders were ex-
cluded from the study. The depressed patients were free of any
kind of psychoactive medication for a minimum of 7 days prior to
the investigation. The physical health of patients and control sub-
jects was confirmed by routine blood tests, ECG, EEG and a thor-
ough medical examination. A personal or family history of psychi-
atric disorders was ruled out by a psychiatric interview in the con-
trol group. Each examined patient/control subject gave his/her in-
formed consent prior to the investigation. 

The sleep examinations were performed during two consecu-
tive nights in the sleep laboratory of the Psychiatric Clinic of the
University of Freiburg. The first night served for adaptation to 
the sleep laboratory conditions, the second night was considered 
as baseline. Sleep recordings were performed by 17 channels Ni-
hon Koden EEG polysomnograph, from “lights out” (11:00 p.m. ±
30 min) to “lights on” (07:00 a.m.) at a paper speed of 
10 mm/s. Registered parameters included EEG (C3-A2, C4-A1),
EOG, surface EMG of chin and anterior tibialis muscles, ECG and
respiratory parameters. The following filter settings were used:
EEG: sensitivity 7 µV/mm, TC (time constant) 0.3 s, HI (high fre-
quency filter) 70 Hz, EOG sensitivity 30 µV/mm, TC 2.0 s, HI 
35 Hz; EMG: sensitivity 5 µV/mm, TC 0.03 s, HI 500 Hz. For the
recording of eye movements three channels were employed. In the
first two channels electrodes placed at the outer canthus of each

eye were referred to the bilateral mastoid. These two channels
yielded out of phase deflections for eye movements with major
horizontal component but did not respond to vertical movements.
The third channel recorded the vertical eye movements from elec-
trodes placed above and below one of the eye. 

Thirty-second epochs of sleep recorded during the baseline
night were scored blind to diagnosis by experienced raters ac-
cording to standard criteria (Rechtschaffen, Kales 1968). One of
the authors (A.W.) during a one-month stay in Freiburg, mea-
sured latencies of eye movements in the analysed polysomno-
grams. All LEM measurements were done blind to diagnosis.
Latency of eye movement is a relatively new parameter, defined
as time between the start of REM period and the first eye move-
ment in this REM period. The onset of the REM period is de-
fined as beginning of the first epoch scored as REM according to
the standard criteria (Rechtschaffen, Kales 1968). In the sleep
laboratory at the Institute of Psychiatry and Neurology in War-
saw rapid eye movement is identified when the activity in both
EOG-channels is greater than 25 µV and the ratio of the duration
of the movement to its amplitude is less than 1 (Fig. 1). The sen-
sitivity for EOG in our laboratory is set at 5 µV/mm and the pa-
per speed is 15 mm/s. It means that we recognise REM, when the
slope of eye movement is above 150 µV/s. On paper sleep
recordings, the slope of eye movement must be over 65 degrees
to fulfill these criteria. The above definitions were adjusted to the
technical parameters used in sleep laboratory in Freiburg. It is
particularly important for recognising rapid eye movements to
observe the activity not only in one EOG channel,which helps to
avoid mistakes and allows reliable measurements of LEM.
Therefore we did not identify REM when we observed the activ-
ity only in the vertical EOG channel without any deflection in
two other EOG channels, which measured the horizontal compo-
nent of eye movements.

Mean Latency of Eye Movements was calculated as mean
value of the Latencies of Eye Movements from all REM sleep pe-
riods. REM latency (LREM) was defined as the time from sleep
onset (stage 2 NREM) till the first epoch of 3 minutes of REM
sleep. The REM density (RD) was defined as the ratio of 3-second
mini-epochs per REM period, including at least one rapid eye
movement, to all of the 3-second mini-epochs per REM sleep 
(× 100%).

The mean values and standard deviations were calculated for
all parameters. Tests for normality of continuous variables were
made using the Shapiro-Wilk W test. Because of the non-Gaussian
distribution of the data, the Mann-Whitney U Test was used for in-
ferential statistics. The level of significance was set at p 0.05.
Spearman Rank Order Correlation Tests were used to assess corre-
lations between REM sleep parameters.
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Fig.1 Rapid eye movement is recognised if activity in EOG-chan-
nels is greater than 25 µV and the ratio of the duration of the
movement to its amplitude is less than one. With a EOG sensitiv-
ity of 5 µV/mm and the paper speed of 15 mm/s, it means that the
slope of REM has to be above 150 µV/s or over 65 degrees on pa-
per recordings (x-amplitude of eye movement, t-duration of eye
movement)



Results

The results of the statistical analysis are shown in Table 1.
Significant differences between both groups were found
in RD, M-LEM, LEM1 and LEM4. Calculation of the
Mann-Whitney U Test of the above mentioned variables
revealed significantly increased REM density and short-
ened mean latency of eye movements in patients with ma-
jor depression. The depressed patients also had signifi-
cantly shorter latency of eye movement in the 1st and 4th
REM periods – LEM1 and LEM4. The shortening of
LREM in depressed patients was not significant. 

Figure 2 shows mean values, standard errors and stan-
dard deviations for M-LEM and latencies of eye move-
ments from all REM periods for both groups.

In the group of depressed patients 2 of them (9.5%)
showed lower RD than the mean value for healthy sub-
ject, and only 1 (4.7%) healthy subject had a higher RD

than the mean for the depressed group. For M-LEM these
results were not as marked: 4 (19%) depressed patients
had longer M-LEM than the mean for controls and 6
(28.5%) controls had shorter M-LEM than the mean for
depressed patients. In the group of healthy controls M-
LEM negatively correlated with RD (rho = –0.47, p <
0.03). No other significant correlations between REM
sleep parameters in healthy controls and depressed pa-
tients were found.

Discussion

Short REM latency and increase of REM density, espe-
cially during the first REM period, are described as the
most common REM sleep disturbances in depressives
(Benca et al. 1992; Berger & Riemann 1993; Gillin et al.
1984; Kupfer 1976; Kupfer et al. 1978, 1980; Lauer et al.
1991; Riemann et al. 1994). In our study the increase of
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Table 1 REM sleep parameters for the groups of healthy controls and depressed patients (LEM latency of eye movement, M-LEM
mean latency of eye movements, LREM REM latency, RD REM density)

Healthy controls (HC) Depressed patients (MDD) Mann-Whitney 
U Test

Mean ± SD Range Me- Lower – N Mean ± SD Range Me- Lower – N U – p-level
dian Upper label dian Upper label values

Quartile Quartile

LEM1 (s) 48.9 ± 37 6 –166 45 24 – 65 21 28.9 ± 33 4 –132 17 7.5– 29 21 115 0.007
LEM2 (s) 41.5 ± 45 8 –174 24 14 – 37 21 35.2 ± 22 6 – 80 30 17 – 50 21 201.5 ns
LEM3 (s) 53.2 ± 47 8 –168 44 13 – 78 21 35.0 ± 40 3 –138 15.5 7 – 47 18 131.5 ns
LEM4 (s) 59.1 ± 48 2 –156 48 18 – 95 17 27.0 ± 37 3 –149 12 7 – 33 15 74 0.043
LEM5 (s) 36.5 ± 31 2 –104 27 9 – 51 11 70.5 ± 77 4 –203 32 13.5–133 8 35.5 ns
M-LEM (s) 48.3 ± 20 13 – 89 50 35.5– 58 21 35.7 ± 23 7 – 91 31 17.5– 45 21 139 0.040
LREM (min) 91.3 ± 37 52 –153 72.5 62.5–123 21 78.5 ± 50 6.5–184 60 50.5–107.5 21 154 ns
RD (%) 28.2 ± 6.1 18.2– 41.2 27.8 24.2– 30.4 21 38.2 ± 8.3 24.6– 59 39.3 30.5– 42.4 21 71.5 0.0001

Fig.2 Mean values, standard errors and standard deviations of
mean latency of eye movements (M-LEM) and latencies of eye
movements (LEM) from each REM sleep period (1–5) for the groups
of depressed patients (MDD) and healthy controls (HC) (* – p < 0.05;
** – p < 0.01)

Fig.3 REM latency (LREM) for the groups of depressed patients
(MDD) and healthy controls (HC)



RD in the depressed patients showed the most pronounced
difference of all examined REM sleep parameters. The
shortening of LREM observed in depressed patients was
not significant and, as shown in Fig. 3, it can be hardly ex-
plained by some outliers in the depressed group.

As previous studies on M-LEM the present study also
showed a significant shortening of M-LEM and LEM in
the 1st REM period in depressed patients. This confirms
reports on M-LEM, describing M-LEM to be changed in
depressed patients, even in depressed patients without
marked LREM shortening. However our data disagree
with studies suggesting that M-LEM is a better indicator
of changes in phasic activity than RD (Jernajczyk 1986;
Gillin et al. 1994), since in the present study RD was more
significantly altered in depressed patients than M-LEM.
Furthermore, a correlation between M-LEM and RD in
the group of healthy subjects, but not in the group of de-
pressed patients, was found. This argues that M-LEM
does not assess phasic activity in the same way that RD
does. In our view M-LEM should therefore rather be con-
sidered as an parameter additional to RD for estimation of
phasic activity in depression. It could also, as a very quick
and uncomplicated measurement, be very useful for as-
sessment of phasic activity in situations when calculation
of RD is very time-consuming, e.g., for paper sleep
recordings. The importance of measurements of phasic
activity in REM sleep of depressed patients is supported
by reports describing RD not to be as age-dependent as
LREM is. According to these studies RD seems to be a
better biological marker for depression than LREM
(Gillin et al. 1981; Lauer et al. 1991; Riemann et al. 1994).

In the two previous studies on M-LEM Jernajczyk
(1986, 1995a) described virtually identical mean values of
M-LEM - 19.4 and 19.7 s in depressed patients and 39.0
and 39.9 s in controls. In the present study the mean value
of M-LEM in the group of depressed patients was 35.7 s
and 48.3 s in the group of healthy controls. The reasons
for longer values of M-LEM in the current study com-
pared to previous ones are probably due to methodologi-
cal differences between the laboratories. In the present
study the vertical component of eye movements was reg-
istered only with one EOG channel (see methodology).
As we did not recognise rapid eye movement when the ac-
tivity was present only in single EOG channel, it could re-
sult in misidentifying some of the pure vertical eye move-
ments, which did not cause any deflections in other EOG
channels measuring horizontal eye movements. Feinberg
et al. (1969) as well as Antrobus & Antrobus (1969)
found that vertical eye movements appeared significantly
earlier at the onset of REM periods than horizontal eye
movements in healthy subjects. In the present study com-
pared to the two earlier studies, the mean value of M-
LEM was 16 s longer in depressed patients and only 8.5 s
longer in healthy controls. Perhaps the delay between the
vertical and the horizontal eye movements at the onset of
the REM period is more pronounced in depressives than
in healthy subjects. Maybe it could explain why in the
present study we found M-LEM to be less sensitive than
previously reported. The second methodological differ-

ence between present and previous studies was in paper
speed, which was 10 mm/s in the current study and 
15 mm/s in two earlier ones. As M-LEM is measured
from the beginning of first epoch scored as REM, the
change of epoch length from 20 to 30 s unquestionably in-
fluences the measurement of this parameter, because with
the increase of epoch length the scoring of the start of
REM period becomes less accurate. For this reason a
more precise definition for the onset of LEM, than in the
Rechtschaffen and Kales manual, e.g. from the last
graphoelement of stage 2 or from onset of muscle tone ab-
sence, would be of great benefit. 

In the other studies on the latency of eye movement it
was found that M-LEM and most of LEMs were prolonged
after one dose of ipsapirone as well as amitriptyline in
healthy male volunteers (Gillin et al. 1994, Jernajczyk
1995a; Kobusiak and Jernajczyk 1990). The prolongation
of M-LEM was also observed in depressed patients during
amitriptyline treatment (Jernajczyk 1995b). Nevertheless
the pathophysiological mechanisms responsible for REM
sleep abnormalities in depression are not well understood.
Serotonergic projections from the dorsal raphe nucleus
and noradrenergic projections from locus coeruleus hy-
perpolarise cholinergic neurones in the pontine reticular
formation and thereby inhibit REM sleep or at least the
phasic events of REM sleep (Luebke et al. 1992). This
serotonergic input is mediated by a 5HT1A receptor. The
5HT1A receptor agonist (ipsapirone) increased both M-LEM
and REM latency and decreased REM% and REM density
in healthy volunteers (Gillin et al. 1994). This suggests that
REM sleep phenomena might be directly correlated with
the serotonergic neurotransmission at the 5HT1A synapse,
by inhibition of cholinergic neurones. The cholinergic
stimulation evoked by administration of a cholinesterase
inhibitor, physostigmine (Sitaram 1976), or a muscarinic
agonist, RS86 (Riemann et al. 1994), promotes REM sleep.
It was proposed that the pathophysiological phenomena in
sleep in depressives are consistent with the cholinergic –
aminoergic imbalance hypothesis of depression (Janowsky
et al. 1972) and the reciprocal - inhibition hypothesis for
the regulation of NREM-REM sleep (Hobson et al. 1975,
McCarley 1982). The behaviour of REM sleep parameters,
especially REM density and M-LEM, described in this and
previous studies in pharmacologically untreated depressed
patients as well as during psychotropic treatment seems to
be compatible with these hypotheses.
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