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Fluoxetine-Induced Sleep Disturbance in 
Depressed Patients 
Cynthia M. Dorsey, Ph.D., Scott E. Lukas, Ph.D., and Steven L. Cunningham, R.PSG.T. 

Abnormal polysomnographic (PSG) features, most notably 
increased electromyographic (EMC) tone and eye 
movements during non-REM sleep have been observed 
during sleep in Jlzwxetine-treated depressed patients. 
However, tlze relationship between these PSG features and 
sleep disruption is unclear. Nine depressed patients treated 
with 10 to 80 mg of fluoxetine and six unmedicated, 
depressed patients were studied polysomnographically 011 

two conserntive nights during which sleep parameters, 
transient arousals, and eye movements were measured. Tfu, 
fluoxetine group experienced a lower-auerage sleep 
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Fluoxetine is a selective serotonin reuptake inhibitor 
that is prescribed frequently to treat psychiatric condi­
tions such as depression and obsessive compulsive dis­
order. Patients treated with fluoxetine often complain of 
insomnia (7%-22%) or daytime drowsiness (10%-15'¾,) 
(Stark and Hardison 1985; Wernicke 1985; Cooper 1988), 
and insomnia is associated more often with fluoxetine 
than with other tricyclic antidepressant medications 
such as imipramine, amitriptyline, and doxepin (Wer­
nicke 1985; Cooper 1988). The mechanism(s) by which 
fluoxetine disturbs sleep is unclear, although polysom­
nographic features associated with fluoxetine have been 
described (Keck et al. 1991; Dorsey et al. 1992a; Schenck 
et al. 1992; Armitage et al. 1994). 

These reports indicate that depressed patients expe-
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efficiency index (SEI) and significantly more eye 
movements and arousals during non-REM sleep than the 
control group. Eye movement and arousal counts were 
significantly correlated. In addition, clinically significant 
periodic limb movement disorder (PLMD) was observed in 
44% of the fluoxetine-treated group versus none of the 
control group. We conclude that a higher incidence of 
PLMD and frequent transient arousals associated with eye 
movements may be responsible in part for the complaint of 
insomnia made by patients treated with Jluoxetine. 
[Neuropsychopharmacology 14:437-442, 1996] 

rience frequent eye movements and elevated muscle 
tone during sleep. Our group initially described a pat­
tern of medium-to-fast eye movements during non­
REM sleep and elevated muscle tone in seven depressed 
patients treated with fluoxetine (Keck et al. 1991) and 
later in depressed patients on fluoxetine compared with 
those treated with other antidepressant medications 
(Dorsey et al. 1992a). Schenck et al. (1992) reported sim­
ilar findings in a large retrospective study and described 
a case of REM behavior disorder associated with fluox­
etine. Armitage et al. (1994) quantified increases in eye 
movements and muscle tone during sleep after treat­
ment with fluoxetine by measuring eye movement 
counts and changes in electrooculographic (EOG) and 
electromyographic (EMC) amplitude. However, none 
of these studies specifically explored measures of EEG 
sleep continuity in relation to treatment with fluoxetine. 
The findings reported in these previous studies are 
descriptive features of polysomnographic (PSG) effects 
of fluoxetine on sleep but do not explain the subjective 
complaint of insomnia. 

Antidepressant medications also have been found to 
cause or exacerbate periodic leg movements during 
sleep, disrupting sleep continuity, and causing insom-
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nia (Guilleminault et al. 1975; Ware 1983; Myers et al. 
1986). However, diagnosis and interpretation of myo­
clonus are problematic in that myoclonus has been 
defined in a number of different ways by different 
investigators, using various criteria regarding time of 
day, frequency and duration of events, localization, and 
severity. Very few studies in which an association 
between myoclonus and antidepressants was made 
involved use of PSG monitoring to provide objective 
measures of nocturnal myoclonus or periodic limb 
movements during sleep. Myoclonus has been defined 
by subjective complaint and/ or observer report as 
irregular muscular contractions, sudden facial twitches 
or jerks in upper or lower extremities that may occur 
exclusively during the daytime or during sleep as well 
(Lippmann et al. 1977; Casas et al. 1987; Garvey and 
Tollefson 1987). Casas et al. (1987) noted that involve­
ment of the upper limbs or trunk or facial dyskinesias is 
less frequent than that of leg movements in myoclonus 
seen in patients treated with clomipramine. 

In studies in which PSG monitoring was employed 
to document nocturnal myoclonus, periodicity and fre­
quency criteria are either not specified or very different 
from one another (Guilleminault et al. 1975; Ware 1983; 
Myers et al. 1986; Askenasy and Yahr 1988; Forst! and 
Pohlmann-Eden 1990). Guillcminault ct al. (1975) de­
scribed nocturnal myoclonus, jerking during sleep, par­
ticularly at the onset of sleep in stages one and two 
sleep, chiefly involving the lower limbs. Askenasy and 
Jahr (1988) described a "switch myoclonus" that had 
very different features, characterized by movements of 
the lower limbs that occurred only at sleep onset and at 
the end of sleep at a rate of once per second. Ware 
(1983) referred to "myoclonic events" and Forstl and 
Pohlman-Eden (1990) to "bilateral myoclonic limb jerks," 
but neither described criteria used to define these terms. 

The present study was conducted to characterize the 
specific disturbances of EEG sleep continuity that may 
contribute directly to the complaint of insomnia and 
sleepiness made by depressed patients treated with flu­
oxetine. The descriptive features identified in prior 
studies are readdressed here in terms of their relation­
ship to EEG arousals and awakenings from sleep. The 
incidence of periodic limb movement disorder (PLMD), 
a sleep disorder that can cause EEG sleep disruption 
and a subsequent complaint of insomnia also was mea­
sured because a greater-than-normal incidence of PLMD 
in young adults treated with fluoxetine has been noted 
(Dorsey et al. 1992; Armitage et al. 1994). 

METHODS 

Subjects 

Nine inpatients (two male, seven female) with a diagno­
sis of primary depression (DSM-III-R), who had been 
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treated only with fluoxetine for at least 2 weeks and up 
to 1 year, were referred to the Sleep Disorders Center for 
evaluation of complaint of sleep-maintenance insomnia 
(n = 3), morning fatigue (n = 3), or both of these com­
plaints (n = 3). The sleep symptoms began in the con­
text of treatment with fluoxetine (within 1 to 3 weeks 
after treatment began or after an increase in dose). Four 
of the nine patients had an additional diagnosis of eat­
ing disorder (bulimia nervosa). Six nonmedicated inpa­
tients (two male, four female) who were diagnosed 
with depression using the Structured Clinical Interview 
for DSM-Ill-R (SCIO) (Spitzer et al. 1987) and Hamilton 
Depression Rating Scale (Hamilton 1960) and also had 
complaints of sleep maintenance insomnia and/ or day­
time fatigue, although not as severe as those of the 
treatment group, constituted the control group. The 
severity of depressive symptoms within the two groups 
was considered to be comparable based on the clini­
cian's (CMD) review of interview and rating scale 
results. The mean ages of the fluoxetine and depressed 
control groups were 25.3 ± 6.5 and 23.4 ± 5.9, respec­
tively. Individuals with a history of neurological or 
other medical or psychiatric illness, or primary sleep 
disorder defined by International Classification of Sleep 
Disorders (ICSD) criteria (Diagnostic Classification Steer­
ing Committee 1990) were excluded. 

Procedure 

Each fluoxetine and control patient underwent two con­
secutive nights of PSG monitoring. Data from the sec­
ond night are used for the analysis in this study. The 
first night served as a screening night to rule out pri­
mary physiological sleep disorders. Standard electrode 
placement and scoring criteria (Rechtschaffen and Kales 
1968) were used, including bilateral EMC of the ante­
rior tibialis to monitor leg movements. Sleep scoring on 
an epoch-by-epoch basis was performed blind by two 
independent raters with 90% agreement based on stan­
dard criteria (Rechtschaffen and Kales 1968). 

Nocturnal arousal count was determined for all patient 
polysomnograms based on blind scoring. Arousals 
were defined as "abrupt shifts in EEG frequency which 
may include theta, alpha and/ or frequencies greater 
than 16 Hz but not spindles" subject to the rules speci­
fied within the preliminary report of the Atlas Task 
Force of the American Sleep Disorders Association 
(Atlas Task Force 1992). Arousal indices (number arous­
als per hour of sleep) were computed for total sleep 
time and for individual sleep stages (number of arous­
als per hour per sleep stage). Eye movements greater 
than 50 µVin amplitude (baseline to peak) were scored 
throughout sleep and wake. An eye movement index 
(EMI) was computed for total sleep time and for sleep 
during each sleep stage as described for arousals. 

All 15 polysomnograms also were subjected to blind 
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ratings by two independent evaluators with 91 % agree­
ment for the presence or absence of clinically significant 
periodic leg movements (> five events per hour of 
sleep). The presence of PLMs were determined using 
duration, periodicity, and interval criteria established 
by Coleman (1982) and incorporated in the definition of 
PLMD (Diagnostic Classification Steering Committee 
1990). These included: 0.5- to 5-seconds' duration, four 
or more consecutive periodic movements required for 
minimal analysis, and movements separated by an 
interval >5 and <90 seconds. The average of PLMD 
indices from the two raters are reported. Only periodic 
limb movement (PLM) events associated with, and 
clearly occurring prior to, nocturnal arousal were scored. 
Nocturnal arousals were as previously defined. 

Data Analysis 

Arousal indices (Ais) and eye movement indices (EMis) 
during total sleep, non-REM sleep, and each sleep stage 
were the primary dependent variables of interest. 
Unpaired, one-tailed t-tests were performed to compare 
sleep continuity measures and arousal indices between 
fluoxetine and control group. T-tests also were per­
formed to compare EMls between groups for each sleep 
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stage, total sleep time, and wake time. Unpaired two­
tailed tests were used to compare sleep stage parame­
ters between groups because no a priori expectations 
about group differences in sleep stages were hypothe­
sized. Specific correlations were performed to assess the 
relationships between arousals and eye movements for 
total sleep time, non-REM sleep, and individual sleep 
stage. Fisher's r to z significance levels of p < .001, .01, 
and .05 are reported. Chi2 analysis was performed to 
test the difference between groups in frequency of 
occurrence of PLMs. 

RESULTS 

Demographics and sleep stage parameters for both 
depressed control and treatment groups are shown in 
Table 1. The REM onset latency was significantly longer 
for the fluoxetine group versus the depressed control 
group (t = 4.4, p < .001). The sleep efficiency index (SEI) 
was significantly lower for the fluoxetine group (t = 1.8, 
p < .05). There were no other differences between 
groups in the time spent in bed, total sleep time, sleep 
latency, or any sleep stage parameter. Arousal indices 
were computed as described in the Procedures section 

Table 1. Demographic and Objective Sleep Data for Fluoxetine-Treated and Control Patients 

Sleep Stages 

PLM TST SOL WASO 1 2 sws REM ROL 
Patient Age Dose Index SEI (min.) (min.) (min.) (%) (%) (%) (%) (min.) 

Fluoxetine 
F0l 27 10 7.9 81.8 352.0 47.0 31.5 12.2 54.8 12.4 20.6 146.0 
F02 22 20 88.4 380.5 25.5 22.0 9.4 60.7 15.2 14.7 187.5 
F03 20 40 91.4 422.5 11.0 29.0 9.6 46.6 22.7 21.1 282.0 
F04 21 40 91.1 331.5 0.5 32.0 4.7 39.5 27.0 28.8 99.5 
F0S 19 60 91.3 399.5 0.5 37.5 14.0 58.8 3.9 23.3 146.5 
F06 25 80 9.0 84.4 380.5 6.0 64.5 11.2 48.1 20.4 20.4 124.5 
F07 17 80 93.1 371.0 23.5 4.0 3.2 56.2 15.5 25.1 139.0 
F08 37 20 15.0 84.8 334.6 15.0 45.0 4.5 54.5 14.1 26.9 128.0 
F09 23 40 8.0 80.3 301.5 46.0 28.0 15.4 57.7 7.3 19.6 176.0 

Mean 23.4 10.0 87.4'1 363.7 19.4 32.6 9.4 53.0 15.4 22.3 158.8b 
SD 5.9 4.7 36.9 17.7 16.4 4.4 6.9 7.3 4.3 53.2 

Control 
C0l 37 97.3 382.0 7.0 3.5 19.1 49.5 5.8 25.7 67.5 
CO2 21 94.1 411.0 21.5 4.5 3.2 60.6 17.2 19.1 50.5 
C03 29 84.7 374.0 12.0 55.5 5.9 57.6 15.8 20.7 72.5 
C04 23 89.4 396.5 5.0 42.0 2.1 47.2 32.5 18.2 51.5 
cos 21 93.3 394.0 9.0 19.5 6.9 48.0 20.4 24.7 73.0 
C06 21 91.8 331.6 6.7 23.0 4.7 46.7 27.1 21.4 55.3 

Mean 25.3 91.8 381.5 10.2 24.7 7.0 51.6 19.8 21.6 61.7 
SD 6.5 4.3 27.6 6.0 20.7 6.2 5.9 9.3 3.0 10.5 

PLM: Periodic leg movement; SE!: sleep efficiency index; TST: total sleep time; SOL: sleep onset latency; W ASO: wake after sleep onset; SWS: slow 
wave sleep; REM: rapid eye movement sleep; ROL: REM onset latency. 

"Significantly different from control group, p <, .05. 
"p < .001. 
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Table 2. Arousal Data for Fluoxetine (n = 9) and Control (n = 6) Patients 

Mean Arousal Index (AI) 

Sleep Stage Control (SD) Fluoxetine (SD) t p 

Stage 1 35.9 (21.3) 26.6 (14.3) -1.0 NS 
Stage 2 10.6 (4.8) 20.2 (4.7) 3.8 <.01 
sws 4.3 (3.4) 9.7 (5.5) 2.1 <.05 
REM 17.9 (7.3) 22.4 (7.9) 1.1 NS 
NREM 10.4 (3.9) 18.4 (3.7) 4.0 <.001 
TST 11.9 (4.2) 19.0 (3.5) 3.7 <.01 

SWS: Sh,w wa,·e sleep; REM: rapid eye movement sleep; NREM: non-REM sleep; TST: total sleep time. 

for total sleep time and sleep stage. Results from t-tests 
indicated significantly greater mean arousal indices in 
the fluoxetine group during total sleep time and non­
REM sleep. Analysis of arousal indices from individual 
sleep stages showed group differences for stages 2, 
slow-wave sleep, non-REM sleep, and total sleep time, 
but not for REM and stage-1 sleep (Table 2). 

T-tests to compare eye movements between groups 
showed that both eye movement count > 50 µ V and 
mean EMI were significantly greater during wake time 
in bed, total sleep time, and non-REM sleep for the flu­
oxetine treatment group versus the nonmedicated 
depressed group (Table 3). Interestingly, there was no 
group difference between eye movement count or index 
for REM sleep. As is illustrated in Figure 1, there was no 
difference in the EMI between controls and patients tak­
ing less than 40 mg of fluoxetine. 

Eye movement count and arousal count were signifi­
cantly correlated for total sleep time (r = .58, p < .05), 
non-REM sleep (r = .67, p < .01), and stage-2 sleep (r = 
.76, p < .001). Correlations in stages 1, SWS, and REM 
sleep were not statistically significant based on Fisher's 
r to z p values. 

Four of the nine patients treated with fluoxetine 
(44%) were rated as having clinically significant PLMD; 
none of the six control subjects had PLMD. The PLM 
indices for the fluoxetine patients who showed PLMD 
were low (<15 events per hour of sleep, mean PLM 

index = 10 events per hour), indicating mild PLMD. 
Chi2 test showed a trend for a significant difference 
between groups in frequency of occurrence of clinically 
significant PLMD (x2 = 3.64, p = .056). The four 
patients who had PLMD were treated with 10, 20, 40, 
and 80 mg of fluoxetine, respectively. Some aperiodic 
leg movements also were observed in the sleep record­
ings of fluoxetine patients, but these movements did 
not meet criteria for scoring PLMD. Elevation of overall 
muscle tone was apparent in all fluoxetine recordings. 
Arousals that clearly occurred secondary to PLMD 
were not included in the spontaneous arousal indices. 

DISCUSSION 

Overall, fluoxetine was associated with a greater num­
ber of arousals from sleep, specifically from non-REM 
sleep and most notably from stage-2 sleep. This subtle 
measure of sleep disruption seemed to reflect a treat­
ment effect, as did a conventional sleep scoring mea­
sure of continuity (SEI). However, measures of sleep 
continuity were not made on fluoxetine-treated patients 
prior to treatment. Therefore, we are unable to deter­
mine with certainty the extent to which these features 
can be attributable to fluoxetine. Also, the fact that four 
of the nine depressed fluoxetine-treated patients had an 
additional diagnosis of bulimia nervosa may represent 

Table 3. Eye Movement Data for Fluoxetine (11 = 9) and Control (11 = 6) Patients 

Mean Eye Movement Index (EMI) 

Sleep Stage Control (SD) Fluoxetine (SD) t p 

Wake 198.3 (109.1) 380.0 (160.9) 2.4 <.05 
Stage 1 142.9 (77.0) 281.1 (199.3) 1.6 NS 
Stage 2 12.4 (8.7) 99.7 (73.1) 2.9 <.01 
sws 1.0 (1.8) 75.6 (75.4) 2.4 <.05 
REM 238.3 (94.7) 315.3 (115.4) 1.4 NS 
NREM 16.5 (11.1) 109.4 (67.6) 3.3 <.01 
TST 65.5 (33.3) 156.2 (81.S) 2.6 <.05 

SWS: Slnw wa,·e sleep; REM: rapid eye mO\ ement sleep; '-IREM: non-REM sleep; TST: total sleep time. 
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Figure 1. Eye movement index (EM!) during all sleep 
stages as a function of fluoxctinc dose. Data represent mean 
:+: s.d. of 6 control and 9 fluoxetinc patients. (D control; :J 
fluoxetine). 

a clinical difference between groups, although continu­
ity and other sleep measures for this subset of patients 
with bulimia did not differ from those of the rest of the 
group treated with fluoxetine. 

Eye movements occurred tonically only in the treat­
ment group and far more frequently in every stage of 
sleep. Both arousals and eye movements were signifi­
cantly increased during stage-2 and SWS but not during 
stages-1 and REM sleep for the fluoxetine versus the 
unmedicated group. These results are in contrast to a pre­
vious report of "dramatic" eye movement increases in 
REM sleep and no increase in stage-2 sleep (Armitage et 
al. 1994); this difference may be accounted for by the lower 
dose (20 mg) used in the study by Armitage et al. (1994). 

The clinical significance of the eye movements in 
patients treated with fluoxetine is unclear, and unfortu­
nately, too few patients on different doses were as­
sessed to draw reliable conclusions about dose effect. In 
addition, the severity of depression pre- and posttreat­
ment with fluoxetine at different doses was not mea­
sured for this group of depressed patients either. So, the 
extent to which eye mm·ements are associated with 
antidepressant effect cannot be determined based on 
these data. 

The presence of myoclonus in some of our patients 
treated with fluoxetine was expected, in that many anti­
depressants have been found to cause leg-jerking dur­
ing sleep. However, the presence of clinically significant 
PLMD, defined in terms of specific periodicity and fre­
quency criteria for the primary sleep disorder PLMD 
(Diagnostic Classification Steering Committee 1990) in 
a relatively large proportion (44°{i) of this sample of 
young depressed patients treated with fluoxetine was 
surprising, as PLMD is not frequently seen in young 
adults. It has been noted to occur in approximately 12'¼> 
of those who complain of insomnia at a sleep disorders 
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center (Coleman et al. 1982), a figure still lower than 
that observed in our group. Patients treated with fluox­
etine in this study were not studied polysomnographi­
cally prior to treatment to rule out preexisting PLMD. 
Thus, one hypothesis considered was a possible rela­
tionship between affective disorder and PLMD, inde­
pendent of medication. However, absence of evidence 
of significant PLMs in our group of depressed, unmedi­
cated young adults suggests that this is not the case. 

As noted, myoclonus has not been consistently 
defined in the literature. In several studies in which an 
association was made behveen antidepressants and myo­
clonus, PSG was used to define objectively the leg 
movements (Noble and Matthew 1969; Lippmann et al. 
1977; Garvey and Tollefson 1987; Askenasy and Yahr 
1988). Yet, periodicity and frequency criteria were not 
used or were very different from one another (Guillem­
inault et al. 1975; Ware 1983; Myers et al. 1986). There­
fore, it is difficult to compare our findings with those of 
other studies that report antidepressant-related myoclo­
nus. In addition to PLMD, we observed aperiodic myo­
clonic jerks in some of the fluoxetine patients. Although 
these movements were not included in our PLMD indi­
ces, they contributed to disruption of sleep in patients 
treated with fluoxetine. It is important to make distinc­
tions between the various types of myoclonus that have 
been associated with antidepressant medication and 
PLMD, whose appearance exclusively during sleep and 
whose periodicity may constihite a unique phenomenon. 

Several theories have been proposed to explain the 
mechanism of antidepressant-induced myoclonus, many 
of which implicate an excess of serotonin activity (West­
heimer and Klawans 1974; Wong ct al. 1974; Sheehan et 
al. 1980; Ware 1983). Fluoxetine is one of the first selec­
tive serotonin reuptake inhibitors described in the liter­
ature (Wong et al. 1974), and it is now widely used 
clinically. Our finding of clinically significant PLMD in a 
significant proportion of young adults treated with flu­
oxetine is consistent with hypotheses that implicate 
excessive serotonin as a neuropharmacological explana­
tion for antidepressant-induced myoclonus. 

In conclusion, the disruption of sleep continuity 
caused by frequent brief arousals during non-REM 
sleep and muscle tone increases, including greater like­
lihood of PLMD, may explain in part the frequent sleep 
complaints associated with fluoxetine. All these fea­
tures may reflect an overall elevated level of arousal 
after treatment with fluoxetine. The significance of the 
increased frequency of eye movements is unclear, and 
the extent to which they may parallel treatment response 
should be explored. The serotonin selectivity of fluoxe­
tine may be responsible for the increased eye activity, an 
"optical akathisia" that appears to occur during both 
relaxed wakefulness and sleep, as well as for increased 
overall muscle tone and PLMD. The mechanism that 
underlies these effects of fluoxetine and possibly other 
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selective serotonergic reuptake inhibitor medications 
needs to be understood, especially in light of the grow­
ing clinical use of these drugs. 
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