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The Effect of Fluoxetine on Sleep EEG in 
Childhood Depression: A Preliminary Report 
Roseanne Armitage, Ph.D., Graham Emslie, M.D., and Jeanne Rintelmann, B.A. 

Fluoxetine is associated with substantial objective and 
subjective sleep disturbance in adults with major depressive 
disorders. In this preliminary report, the effects of fluoxetine 
on sleep electroencephologram (EEG) are described in 6 
children and adolescents with nonpsychotic major 
depression. Fluoxetine increased light Stage 1 sleep, the 
number of arousals and rapid eye movement (REM) 
density. REM latency was largely unaffected. Oculomotor 
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Several previous studies in adults with major depres
sive disorders (MOD) have shown that fluoxetine is as
sociated with substantial objective and subjective sleep 
disturbance. Fluoxetine is a potent rapid eye movement 
(REM) sleep suppressor, decreasing total REM time and 
prolonging the latency to the first REM period, and is 
also associated with an increase in both light nonrapid 
eye movement (NREM) sleep and arousals (Cooper 
1988; Hendrickse et al. 1994; Nicholson and Pascoe, 
1988). Moreover, fluoxetine has been shown to induce 
oculomotor abnormalities in 30-60% of patients and is 
associated with increased incidence of nocturnal myo
clonus and bruxism (Armitage et al. 1995; Dorsey et al. 
1996; Keck et al. 1990, 1991; Schenck et al. 1992). 

Fluoxetine and other selective serotonin reuptake in
hibitors (SSRls) are increasingly being prescribed to de
pressed children and adolescents as the first medicator, 
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abnormalities were also evident on treatment, accompanied 
by an increase in myoclonic activity. Subjective sleep was 
also disturbed on treatment. These results are in keeping 
with those observed in depressed adults treated with 
fluoxetine. [Neuropsychopharmacology 17:241-245, 
1997] © 1997 American College of 
Neuropsychopharmacology. Published by Elsevier 
Science Inc. 

primarily because of limited side effects, safety in over
dose, and suggestion of efficacy (Ambrosini et al. 1995). 

To our knowledge, no studies have explored the ef
fects of fluoxetine on the sleep electroencephalogram 
(EEG) in depressed children and adolescents. This pre
liminary study reports the effects of fluoxetine on sleep 
EEG and oculomotor activity in 6 children and adoles
cents with major depression. 

METHODS 

Subjects 

Six children and adolescents who met criteria for non
psychotic major depression, but were generally medi
cally healthy, participated in study. The average age of 
the sample of 4 girls and 2 boys was 12.0 ± 1.9 years. 
Participants were symptomatic and unmedicated for a 
minimum of 2 weeks prior to the baseline sleep assess
ment. Informed, written parental consent was obtained 
prior to study. 

Diagnoses were based on the Diagnostic Interview for 
Children and Adolescents (DICA), a semi-structured 
DSM-III-R--Based diagnostic interview. Criterion depres
sive symptoms and severity were additionally assessed 
using the depressive items of the Kiddie Schedule for Af-
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fective Disorders and Schizophrenia (K-SADS) and the 
Children's Depression Rating Scale-Revised (CDRS-R). 

Patients also completed two self-report scales for de
pression, either the Children's Depression Inventory 
(CDI) for those ~12 years of age or the Beck Depression 
Inventory for those ~13 years of age, and the Weinberg 
Screening Affective Scale (WSAS). Overall functioning 
was assessed with the Children's Global Assessment 
Scale (CGAS). Course of illness and the timing of prior 
and current episodes of depression was also established. 
The demographic and clinical information for partici
pants at baseline and following several months of daily 
treatment with fluoxetine is shown in Table 1. 

Procedure 

Each participant spent two consecutive nights in the 
Sleep Study Unit at The University of Texas Southwest
ern Medical Center at Dallas baseline and again after 
several months of daily treatment with fluoxetine using 
methods previously described (Emslie et al. 1990, 1994). 
The average dose of fluoxetine was 18.3 :t: 4.1 mg 
(range 10-20). Five of the 6 patients received 20 mg 
daily; one patient received 10 mg daily. The average 
length of time on treatment for the second sleep study 
was 10.9 :t: 4.6 months (range 4.6-15.2). To rule out lab
oratory adaptation effects, data from the second night 
of study at each recording occasion are reported here. 

Electroencephalographic data were collected from 
left (C3) and right (C4) central electrodes with a com
mon reference (right and left ear lobes passed through a 
10-KD resistor). Monopolar, left and right electrooculo
gram (EOG), and bipolar chin-cheek electromyogram 
(EMG) data were also recorded. A full electrode mon
tage, used on the first night in the sleep laboratory, in
cluded leg, chest, and abdomen leads, and a nasal-oral 
thermistor to rule out independent sleep disorders. Leg 
leads were also used on the second night in the study. All 
electrophysiological signals were transduced by GRASS™ 
P-511 AC amplifiers and displayed on a paperless poly
graph system. An amplifier sensitivity of 5 was used for 
EEG (50-µ V, 0.5-sec duration calibration), with half-amp 

Table 1. Demographic and Clinical Characteristics of 
Outpatients with Major Depressive Disorder (n = 6) 

Mean SD Range 

Femalesn = 4 
Malesn = 2 

Age in years at evaluation 12.0 1.9 10-14 
Tanner stage 2.8 1.2 1-4 

Single episode = 4 
Recurrent episode = 2 
Length of current episode (in weeks) 14.7 9.3 6-32 

CDRS-R 
At baseline 58.5 10.0 59-77 

At second sleep 24.8 7.4 17-2 
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low- and high-bandpass filters set at 0.3 and 30 Hz, re
spectively. A 60-Hz notch filter attenuated electrical 
noise. The EMG amplifiers were set at a sensitivity of 1, 

with half-amp high filters at 30 and low filters set at 0.1 
Hz. Electrooculographic amplifiers were set at a sensitiv
ity of 5, with a half-amp high filters set at 30 and low fil
ters set at 0.1 Hz. Interelectrode impedances were main
tained below 2K!1. Amplifiers were calibrated before and 
after each night's sleep. Data were digitized on-line 
through a 16-bit MICROSTAR™ analogue-to-digital (A/ 
D) board (EEG sampled at 250 Hz and EOG and EMG 
sampled at 62.5 Hz) and stored on optical disk for off
line analysis and stage scoring (Armitage et al. 1994). 

Automated analyses were conducted on EOG and 
EMG activity in 30-seconds epochs. Similar EOG and 
EMG algorithms have been described elsewhere (Hoff
mann et al. 1979). The algorithm computes the number 
of eye movements in each EOG channel larger or equal 
to 75 µ V. An eye movement was defined as any posi
tive or negative voltage excursions that hit threshold 
beyond baseline (0 V). The EOG threshold of 75 µ V was 
determined through repeated adjustments in sensitiv
ity, until the detected events matched those that would 
be considered eye movements based on visual inspec
tion. No duration criterion was applied to eye move
ment count (EOGC), nor were simultaneous eye move
ments required in the two EOG channels. The EOGC 
were then averaged for the right and left channels, pro
ducing an average EOG count per 30-seconds epoch. 
The EOG amplitude was computed as the total cumula
tive voltage of the EOG signal, with no minimum 
threshold. The EOG amplitude (EOGA) was then aver
aged for the right and left channels for each 30-seconds 
epoch. The total cumulative voltage of the EMG signal 
defined EMG amplitude (EMGA) in each 30-seconds 
epoch, with no minimum threshold. 

Pre- and post-sleep questionnaires were administered 
at both baseline and treatment, providing subjective 
estimates of sleep evaluations. Sleep quality, number of 
awakenings and how rested subjects felt upon awaken
ing were queried. 

Sleep EEG records were scored from C:3 according to 
standard Rechtschaffen and Kales (1968) criteria by 
technicians trained at better than 90% agreement on an 
epoch-by-epoch basis. A number of sleep variables were 
derived from the sleep-stage score data .. Total time in 
bed was computed as the total time from lights-out to 
wake-up time. Sleep onset latency was defined as the 
time elapsed before the first epoch of any sleep stage in 
a 10-minute segment containing no more than two 
minutes of wakefulness (Rush et al. 1989). Total sleep 
period (TSP) was defined as the length of time from 
sleep onset to wake up. Sleep efficiency was computed 
as the ratio of total sleep time to total time in bed X 100. 
Rapid eye movement latency was equal to the number 
of minutes, including wake and movement time, from 
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sleep onset to the first epoch of REM sleep (irrespective 
of REM period duration). Minutes and percentages of 
each sleep stage and of awake and movement time 
were computed in relation to TSP. Arousals were de
fined as the total number of awake episodes of ;,s, 15 sec
ond durations in TSP (Armitage et al. 1994). 

For EOGC, BOGA, and EMGA, data were inspected 
visually to remove epochs with movement artifact or 
episodes of wakefulness (;,s,16 sec). The stage scores 
(REM, Stages 1, 2, 3, and 4) were then used to categorize 
EOG and EMG measures by sleep stage. Sleep records 
were also scored for the total number of myoclonic leg 
movements (i.e., electrical discharge) >0.5 seconds du
ration on each night in each sleep stage, but not in ep
ochs scored as awake. 

Statistical Procedures. Means and standard deviations 
were computed for EOGC, EOGA, and EMGA in each 
sleep stage, and data were coded by treatment level 
(baseline versus on-treatment). Separate repeated-mea
sures analyses of variance (ANOVAs) were computed 
on EOGC, EOGA, and EMGA, and on standard sleep 
stage parameters. To minimize the likelihood of com
mitting a Type I error, the minutes and% of sleep stage 
were each treated as 5 variable multivariates (Stevens 
1986). Univariate analyses were conducted on these 
variables only if a significant sleep stage main effect or 
interaction was obtained. All statistical analyses were 
conducted using SAS™ routines. 

RESULTS 

Objective Sleep Parameters 

The means and standard deviations of objective sleep 
measures are shown in Table 2. Fluoxetine was associ-

Table 2. Means and Standard Deviations (in parentheses) 
of Sleep Parameters at Baseline and on Treatment (n = 6) 

Parameter 

Time in bed 
Total sleep period 
Sleep latency 
Sleep efficiency 
% Stage 1 
% Stage 2 
% Stage 3 
%Stage4 
%REM 
%Awake 
REM latency 
REM density 
Arousals 
Myoclonic leg movements 

•p < .10. 
bp < .05. 
'p< .02. 

Baseline 

510.0 (45.4) 
496.7 (38.2) 

14.3 (15.2) 
93.5 (3.7) 

7.0 (1.6) 
49.1 (6.5) 

8.7 (3.1) 
12.3 (4.3) 
18.9 (3.5) 

4.0 (1.9) 
93.0 (30.1) 

2.3 (0.6) 
23.2 (7.8) 
12.2 (5.3) 

On Fluoxetine 

517.3 (43.1) 
500.6 (43.3) 

17.7 (10.2) 
90.9 (1.9)· 
13.0 (5.2)b 
45.2 (7.4)a 

8.7 (2.4) 
8.9 (6.2) 

18.4 (1.7) 
5.9 (2.3) 

106.9 (17.2) 
3.2 (0.7t 

36.7 (13.3Y 
63.3 (36.5)° 
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ated with significantly more Stage 1 compared to base
line (F = 7.4, df = 1,4, p < 0.05). In fact, the amount of 
Stage 1 sleep nearly doubled on treatment. Fluoxetine 
also increased the total number of arousals during the 
night (F = 15.6, df = 1,4, p < 0.02), and increased total 
REM density (F = 12.3, df = 1,4, p < 0.02). Trends to
ward decreased sleep efficiency and % Stage 2 sleep 
were also noted on treatment (F = 4.94, 4.7, df = 1,4, p < 
0.10, respectively). 

Leg Movements 

The number of myoclonic leg movements al1so increased 
dramatically and significantly on fluoxetine (F = 11.9, 
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Figure 1. Amplitude (in µ V2
) of eye movements ;,,75 µ V 

(A) and EMC activity (B) during each sleep stage at baseline 
(light bars) and during treatment (dark bars) with fluoxetine. 
Error bars denote standard deviations. 
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df = 1,4, p < 0.02). In fact, there were five times as 
many leg movements on treatment (see Table 2), and 
increased leg movements were observed in all six 
patients. 

EOG and EMG Activity 

Significant treatment by sleep stage interactions were 
obtained for EOG (F = 4.5, df = 4,16, p < 0.01) and 
EMG (F = 5.4, df = 4,16, p < 0.007) amplitude. Thus, 
fluoxetine had differential effects on EOG and EMG 
amplitudes across sleep stages. EMG amplitude in
creased in NREM, but not REM, whereas EOG ampli
tude was increased in REM and Stage 1 but decreased 
in Stages 3 and 4, accounting for the significant interac
tion. EOGC did not show significant treatment main 
effects or interactions. However, univariate analyses 
failed to reveal significant treatment main effects on the 
individual sleep stages for any of the measures. Trends 
were evident but did not reach significance, probably 
due to the small sample size and low statistical power. 

The treatment-associated changes in EOG and EMG 
amplitude are shown in Figure 1 (A and B respectively). 
Since the changes in EOGC virtually mirrored the am
plitude measures, they are not shown. EMG amplitude 
was elevated on fluoxetine in all NREM sleep stages but 
not in REM, accounting for the treatment by sleep stage 
interaction. Increased EOG amplitude was most pro
nounced in REM and Stage 1 sleep. A slight decrease in 
EOG amplitude was found in Stages 3 and 4 sleep. 

Subjective Sleep Parameters 

With regard to subjective sleep parameters, 4 out of 6 
patients rated sleep on fluoxetine as lower quality, with 
riore awakenings and reported feeling less rested upon 
awakening. Five of the 6 patients also reported longer 
sleep latency on fluoxetine. ANOV A indicated trends 
toward treatment effects but none reached significance. 

DISCUSSION 

The preliminary study indicated that treatment with 
fluoxetine was associated with significantly more Stage 
1 sleep, increased arousals, and increased REM density 
compared to baseline. REM sleep suppression was not 
evident on treatment. Oculomotor abnormalities were 
also present on treatment, as evidenced by sleep stage 
by treatment interaction for both EOG and EMG ampli
tude. Univariate analyses of oculomotor activity pro
duced a significant increase in the number of leg move
ments. These effects are likely to be due to fluoxetine 
and not to clinical remission per se, since decreased Stage 
1 sleep, REM density, and arousal would be expected in 
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clinical renuss1on. In addition, increased oculomotor 
activity appears to occur with selective serotonin re
uptake inhibitors but not with other antidepressants, 
including those that also act on serotonin receptors 
(Armitage et al. 1994; Armitage, 1996). Moreover, the 
sleep architectural characteristic of this sample in re
mission continue to be significantly different (by post
hoc t-test) from published data in normal controls 
(Emslie et al. 1990, 1994). 

Some of these findings are in agreement with previ
ous studies on the effects of fluoxetine in adults with 
MOD. However, others are in contrast to adult studies. 
With regard to objective sleep data in adults with MOD, 
fluoxetine has been shown to suppress REM sleep and 
increase both light NREM sleep and noch1mal wakeful
ness (Hendrickse et al. 1994; Nicholson and Pascoe 
1988). The present study, confirmed increased Stage 1 
sleep and arousals, but did not indicate significantly 
longer REM latency or decreased REM time in children 
treated with fluoxetine. The failure to find REM sleep 
suppression in children was unexpected. 

Fluoxetine was also associated with increased oculo
motor activity in children, but not in every sleep stage, 
as has been reported in adults (Armitage et al. 1995). 
More recently, Dorsey et al. (1996) reported fluoxetine
induced periodic limb movement disorder (PLMD) in 
44% of adults with MOD. In children treated with flu
oxetine, a significant increase in nocturnal myoclonic 
leg movements was obtained, although the present 
study used a very liberal criterion for leg movements. 
Increases on treatment were noted in all six patients. 
Moreover, using the same diagnostic criteria as Dorsey 
et al. (1992), 4 out of 6 children met criteria for a PLMD 
diagnosis on fluoxetine. None met criteria at baseline. It 
should be noted that many of the leg movements were 
intrusive and associated with subsequent arousal in the 
EEG, i.e., short duration bursts of alpha activity. Such 
"microarousals" will not be reflected in the arousal 
measure reported here since only awake episodes of 
> 15 seconds were included. Thus, we have probably 
underestimated the alerting effects of fluoxetine. Sev
eral previous reports have suggested that antidepres
sant-induced nocturnal myoclonus is associated with 
excess serotonergic activity (Dorsey et al. 1996; Ware 
1983). Others have suggested that the motoric abnor
malities induced by fluoxetine are more llikely to result 
from a reduction in dopamine rather than increased se
rotonin per se (Fishbain et al, 1992). We have suggested 
that fluoxetine-induced oculomotor abnormalities are 
likely to result from both primary and secondary sero
tonergic effects. Regardless of the mechanism of action, 
oculomotor abnormalities associated with fluoxetine 
appear in both children and adults with MOD. 

These findings may have clinical significance. Chil
dren and adolescents do appear to notice the alerting 
effects of fluoxetine, in agreement with the previous re-
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ports in adults (Armitage et al. 1995; Dorsey et al. 1996). 
Most of the children (4 out of 6) reported lower quality, 
less-rested sleep with more awakenings on fluoxetine, 
in spite of the fact that all were in an episode of major 
depression at the initial sleep evaluation and were re
mitted during repeat sleep study. Persistent sleep dis
turbance may influence patient compliance and may 
necessitate augmentation with sedative compounds or 
hypnotics. 

However, some caution should be exercised in inter
preting the effects reported here, given the small sam
ple size. Nevertheless, with the exception of REM sup
pression, fluoxetine appears to have an alerting effect 
on sleep in both children and adults with MOD. 
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