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Effects of Prior Fluoxetine Treatment on EEG 
Sleep in Women with Recurrent Depression

 

Daniel J. Buysse, M.D., David J. Kupfer, M.D., Christine Cherry, M.S., Deborah Stapf, B.A.,

 

and Ellen Frank, Ph.D.

 

We examined whether fluoxetine treatment has 
persistent effects on electroencephalographic sleep after 
drug discontinuation in patients with recurrent major 
depression. Age-matched groups of 23 women were treated 
with interpersonal psychotherapy alone (IPT) or fluoxetine 
plus interpersonal psychotherapy (IPT 

 

1

 

 FLU). Sleep 
studies were conducted when patients were depressed, and 
again at remission, at least four weeks after fluoxetine 
discontinuation. The groups did not differ in depression 
ratings pre- to post-treatment. Significant group*time 
interaction effects were noted for REM sleep (

 

p

 

 

 

5

 

 .04) and 

slow wave sleep (

 

p

 

 

 

5

 

 .02). REM percentage and phasic 
REM activity increased in the IPT 

 

1

 

 FLU group but 
decreased in the IPT group. The effects of fluoxetine 
treatment on electroencephalographic sleep can be observed 
for at least four weeks after drug discontinuation and 
appear to represent both drug discontinuation and 
neuroadaptation effects. 

 

[Neuropsychopharmacology 21:258–267, 1999]
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Antidepressant drugs have effects on both subjective
and polysomnographic (PSG) measures (Sharpley and
Cowen 1995; Thase 1998). Fluoxetine, one of the seroto-
nin reuptake inhibitors, has been well-characterized in
this regard. Single doses cause a dose-dependent in-
crease in wakefulness in healthy subjects when admin-
istered at night (Nicholson and Pascoe 1988), but not in
the morning or evening (Saletu et al. 1991; von Bardele-
ben et al. 1989). Dose-dependent insomnia and other

“activating” side effects occur in approximately 25–40%
of depressed patients treated with fluoxetine (Beasley et
al. 1992), even though recovered patients overall report

 

decreased

 

 sleep disturbance relative to their depressed
baseline (Satterlee and Faries 1995; Armitage et al.
1997a; Gillin et al. 1997). Fluoxetine is also associated
with modest reductions in sleep efficiency, rapid eye
movement (REM) sleep percentage, and stage 3/4 non-
rapid eye movement (NREM) sleep percentage, and
with increases in wakefulness, Stage 1 NREM sleep per-
centage, and the number of eye movements during
REM sleep (Armitage et al. 1997a; Gillin et al. 1997;
Stokes 1995; Hendrickse et al. 1994; Kerkhofs et al.
1990). Other PSG effects noted with fluoxetine include
periodic limb movements and prominent eye move-
ments during NREM sleep (Schenck et al. 1992; Armit-
age et al. 1995; Dorsey et al. 1996).

Fluoxetine’s long elimination half-life and its effects
on serotonergic neurotransmission raise the possibility
of persistent effects on PSG findings and the neurobio-
logical systems which regulate sleep and wakefulness,

 

From the Depression and Manic Depression Prevention Program
and the Sleep and Chronobiology Center, Western Psychiatric Insti-
tute and Clinic, University of Pittsburgh School of Medicine, Pitts-
burgh, PA.

Address correspondence to: Dr. Buysse, E-1127 WPIC, 3811
O’Hara St., Pittsburgh, PA 15213.

A preliminary version of these results was presented at the Asso-
ciation of Professional Sleep Societies annual meeting, 1997.

Received October 26, 1998; revised January 11, 1999; accepted
February 16, 1999.



 

N

 

EUROPSYCHOPHARMACOLOGY

 

 

 

1999

 

–

 

VOL

 

. 

 

21

 

, 

 

NO

 

. 

 

2

 

Fluoxetine and Sleep

 

259

 

even after the drug has been discontinued. Uncon-
trolled studies have indeed suggested that some PSG
effects of fluoxetine may persist for up to 19 months af-
ter discontinuation (Schenck et al. 1992; Winkelman et
al. 1992), but no controlled studies have been per-
formed. It is difficult to know from these reports
whether sleep changes associated with prior fluoxetine
treatment actually represent persistent effects of the
drug, discontinuation effects, or some form of neuroad-
aptation caused by prior drug administration. A better
understanding of these possibilities is important for
two reasons. First, patients previously treated with flu-
oxetine may present with sleep complaints which may
or may not be related to their prior treatment. Second, it
is important to know how prior drug treatment may af-
fect physiological measures among patients who re-
quire procedures for clinical or research studies. For ex-
ample, a previous study suggested that a 7–14 day
“washout” period was adequate when performing
sleep studies on patients previously treated with tricy-
clic antidepressants (Lauer and Pollmacher 1992), but
this guideline may not hold true for patients treated
with other medications such as fluoxetine.

The present controlled study was conducted to bet-
ter understand the effects of fluoxetine exposure on
women with major depressive disorder (MDD). Specifi-
cally, we examined clinical and PSG measures at base-
line, when patients were depressed, and again at recov-
ery, when they were not depressed. Patients were
treated successfully with a combination of fluoxetine
and interpersonal psychotherapy (IPT), but the medica-
tion was discontinued at least four weeks prior to the
second set of PSG studies; thus, both sets of PSG studies
were conducted when patients were medication-free.
To control for effects related to clinical state, we com-
pared changes in clinical and PSG measures among the
fluoxetine-treated patients to the same measures in a
control group of age-matched women treated success-
fully with IPT alone. The aim of this study was prima-
rily a descriptive one, because it seemed plausible that
prior fluoxetine treatment could produce either 

 

persis-
tent

 

 effects on PSG sleep (e.g., sleep continuity distur-
bance, REM sleep suppression) or 

 

discontinuation

 

 effects
(e.g., increase in REM sleep).

 

METHODS

 

The results reported here are one component of a study
investigating the efficacy of three “doses” of IPT as a
maintenance treatment for recurrent major depressive
disorder (MDD) in women (MH 49115, E. Frank, Princi-
pal Investigator). The study design involves acute open
treatment with IPT until patients remit from the index
episode. Patients who do not recover with IPT alone are
treated with a combination of IPT plus fluoxetine until

remission and for five months of continuation treat-
ment, at which time the medication is tapered and dis-
continued. Patients in IPT alone and IPT plus fluoxetine
groups are then randomly assigned to weekly, bi-
weekly, or monthly maintenance IPT for two years. Re-
currence rates and time to recurrence constitute the ma-
jor outcome variables for the parent study. In order to
examine biological correlates of clinical course in these
patients, we conduct PSG studies at baseline (while de-
pressed), at remission, and at the end of maintenance
treatment. Data from the final set of studies are not
included in this report because the treatment trial is
ongoing.

 

Patients

 

Subjects included in the current report are 46 women
with recurrent MDD without psychotic features who
were recruited, studied, and treated as outpatients.
These patients comprise two age-matched groups: One
group successfully treated with IPT alone (IPT group),
and one group who did not respond to IPT alone, but
who did respond to combination treatment with fluox-
etine plus IPT (IPT 

 

1

 

 FLU group). The IPT 

 

1

 

 FLU
group consisted of all available consecutive patients
treated successfully with this modality. Patients from
the IPT group were selected on the basis of age match-
ing to patients in the IPT 

 

1

 

 FLU group. All patients
were required to have at least one previous episode of
MDD occurring no more than 2.5 years prior to the in-
dex episode, with a complete symptomatic remission
lasting at least 10 weeks between episodes. Diagnoses
were established initially using the Schedule for Affec-
tive Disorders and Schizophrenia (Endicott and Spitzer
1978) and subsequently using Structured Clinical Inter-
view for DSM-III-R or DSM-IV (Spitzer et al. 1988;
Spitzer et al. 1992; First et al. 1995) administered by
masters’ level psychiatric clinicians. All patients were
required to meet a severity threshold of a score 

 

>

 

15 on
the 17-item Hamilton Rating Scale for Depression
(HRSD) (Hamilton 1967) and a score 

 

>

 

 7 on the Raskin
Scale (Raskin et al. 1969). Patients were excluded for
most other Axis I psychiatric diagnoses, for substance
abuse/dependence within the previous three years, or
if they met full criteria for antisocial or borderline per-
sonality disorder. We did accept patients with general-
ized anxiety disorder, panic disorder, eating disorder
NOS, and subsyndromal borderline or antisocial per-
sonality features, as long as recurrent MDD was the pri-
mary diagnosis. In addition, patients were evaluated
with a medical history and physical examination in or-
der to verify that they had no acute or unstable medical
problems, and were taking no medications which
would cause mood or sleep symptoms. Patients had
sleep studies only if they maintained a regular sleep-
wake schedule with no rotating or night shift work, as



 

260

 

D.J. Buysse et al. N

 

EUROPSYCHOPHARMACOLOGY

 

 

 

1999

 

–

 

VOL

 

. 

 

21

 

, 

 

NO

 

. 

 

2

 

determined by self-report and/or sleep-wake diaries.
Subjective sleep quality at baseline was assessed using
the Pittsburgh Sleep Quality Index (Buysse et al. 1989).
Finally, patients were medication-free of all psychotro-
pic medications for at least two weeks prior to sleep
studies. A total of six patients in the IPT group and four
patients in the IPT 

 

1

 

 FLU group had been treated pre-
viously with serotonin reuptake inhibitors (SRI). The
most recent SRI exposure was six weeks prior to sleep
studies in two patients in the IPT 

 

1

 

 FLU group (one
treated with fluoxetine and one with sertraline). Six pa-
tients in the IPT group and four in the IPT 

 

1

 

 FLU group
had previously been treated with other antidepressants,
with the most recent exposure being more than two
weeks prior to sleep studies (one patient in the IPT
group treated with nortriptyline).

 

Treatment Protocol

 

All patients were treated initially with IPT (Klerman et
al. 1984) without pharmacotherapy until remission of
their episode or until a determination of non-response
was made. Treatment consisted of weekly IPT sessions
with a master’s or doctoral level clinician, trained by a
certified IPT trainer (Cleon Cornes, M.D.). Weekly
HRSD ratings were performed by a clinician other than
the patient’s therapist. Periodic reliability checks have
shown an intraclass correlation of 0.94 for the HRSD to-
tal score across seven patients and 14 raters. If HRSD
scores did not decrease by 

 

>

 

 33% within the first four
weeks, sessions were increased to twice weekly. 

 

Remis-
sion

 

 was defined by a HRSD score 

 

<

 

 7 and a Raskin
score of 

 

<

 

 5 for three consecutive weeks, by clinical
consensus, and by a minimum of 12 weeks of IPT. In
general, patients were treated for 12–20 weeks on a
weekly basis to reach remission. 

 

Treatment nonresponse

 

was defined by the following criteria: Failure to remit
within six months (24 weeks); failure to show even a
modest response to psychotherapy (less than 25%
symptom reduction from baseline HRSD by week 6;
less than 50% reduction by week 12; or less than 50%
symptom reduction after four weeks of weekly IPT, fol-
lowed by 4 weeks of twice per week IPT); or a relapse
during continuation treatment, defined as an HRSD
score 

 

>

 

 15 for two consecutive weeks following remis-
sion. Patients who met criteria for nonresponse were
treated with continued IPT plus fluoxetine. Clinical sta-
tus during acute treatment was monitored with weekly
HRSD and Raskin rating scales, as well as the Beck De-
pression Rating Scale (Beck et al. 1961) and the Global
Assessment Scale (Endicott et al. 1976).

Fluoxetine treatment was conducted on an open-label,
flexible-dose basis. Patients were started on 10–20 mg,
and the dose increased to the level that produced the
optimal balance between therapeutic effects and side ef-
fects. The mean final dose of the 23 patients was 24.8 

 

6

 

13.2 mg per day (median 20, range 5–60). Weekly IPT
was continued during fluoxetine treatment. Acute
treatment was continued until patients met the criteria
for remission described above, then for an additional 20
weeks of continuation treatment. For patients who con-
tinued to meet remission criteria, fluoxetine was then
tapered by approximately 10 mg per week and discon-
tinued. Recovery sleep studies were conducted a mean
of 6.2 

 

6

 

 3.2 weeks (median 5.1, range 3.7–18.7) after
medication discontinuation.

Following acute and continuation treatment, patients
from both IPT 

 

1

 

 FLU and IPT groups were randomly
assigned to weekly, bi-weekly, or monthly maintenance
therapy with IPT alone (no medication). Clinical ratings
were conducted once per month in all patients. If a pa-
tient scored 

 

>

 

 15 of the HRSD, a repeat rating was done
the following week. 

 

Recurrence

 

 was defined by a HRSD
score of 

 

>

 

 15 for two consecutive weeks, and by the
presence of an episode of major depression judged by
an independent psychiatrist not part of the patient’s
treatment team.

 

EEG Sleep Studies

 

Three nights of EEG sleep studies were conducted dur-
ing subjects’ habitual sleep-wake times, determined by
self-report and/or sleep-wake diary. Mean data from
Nights 2 and 3 were used in these analyses. Data for the
present report are taken from studies conducted at pre-
treatment baseline (while patients were depressed) and
again at remission (when patients were not depressed)
and after medication discontinuation in the IPT 

 

1

 

 FLU
group. All patients in IPT 

 

1

 

 FLU and IPT groups were
medication-free during each set of sleep studies. The
standard sleep montage consisted of a single channel of
EEG (C

 

3

 

 or C

 

4

 

 referenced to A

 

1

 

-A

 

2

 

), bilateral electro-
oculograms (EOG) referenced to A

 

1

 

-A

 

2

 

, and bipolar
submental electromyogram (EMG). Polysomnographic
data were collected through Grass Model 78 amplifiers
with filter settings of 100 Hz and 0.3 Hz for EEG and
EOG, and 90 Hz and 10 Hz for EMG, and a sensitivity
of 5 

 

m

 

V/mm. Data were also digitized on-line at 256
Hz, recorded and stored on PCs as previously de-
scribed (Doman et al. 1995). Patients were not routinely
screened for periodic limb movements or sleep apnea.
However, the histories of patients who were obese or
who presented with symptoms suggestive of a primary
sleep disorder were discussed with the first author, and
additional monitoring for apnea and periodic limb
movements was ordered if indicated.

Sleep studies were visually scored in 60-second ep-
ochs by technologists who maintain high scoring reli-
ability as indicated by mean kappa values 

 

.

 

 0.60 for
various sleep stages. In addition, quantitative analyses
of sleep data were conducted using period-amplitude
analysis for EEG delta activity and a separate computer
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algorithm for identification of rapid eye movements
during REM sleep (Doman et al. 1995).

 

Statistical Analyses

 

Clinical and PSG data were examined for normal distri-
butions in all analyses, and if indicated, appropriate
transformations were applied prior to statistical analy-
ses. Baseline clinical and demographic characteristics of
FLU and IPT groups were contrasted with t-tests. Re-
peated-measures MANOVAs were used to compare
clinical and PSG measures between the two groups and
across time. Specifically, MANOVAs used one be-
tween-groups factor (FLU versus IPT), one repeated
measure (baseline versus recovery sleep) and the inter-
action of these factors (group*time). Four MANOVAs
were run, representing domains of slow wave sleep,
REM sleep, sleep continuity, and REM latency/ delta
sleep ratio. These domains and the specific sleep mea-
sures they comprise were identified in a principal com-
ponents analysis of sleep measures conducted in a
larger sample of patients from this study (Buysse et al.
1998). Basically, this analysis was designed to identify
groups of sleep variables which strongly correlated
with each other, in order to reduce the number of
univariate comparisons conducted. Each of these do-
mains includes variables which differ among depressed
patients and control subjects (Benca et al. 1992). Some of
these domains, such as reduced REM latency, delta ra-
tio, and slow wave sleep, or increased REM sleep, may
also be associated with unfavorable clinical outcomes in
depression (Buysse et al. 1997; Kupfer et al. 1990; Giles
et al. 1987; Dew et al. 1997). For the present analyses,
any significant group, time, or group*time interaction
effects from the MANOVAs were then followed by
univariate ANOVAs conducted on the individual sleep
measures contained in that MANOVA. In order to con-
trast clinical and PSG measures among FLU patients
who did and did not have a recurrence during mainte-

nance treatment, we performed MANOVAs and ANO-
VAs comparing the 

 

change

 

 in clinical or sleep measures
from baseline to recovery. An alpha level of 0.05 was
used for all statistical tests.

 

RESULTS

Clinical and Treatment Results

 

The number of patients in this analysis was determined
by the number who did not remit with IPT alone, who
did remit with combined IPT and fluoxetine treatment,
and who had sleep studies at baseline and remission
time points. A total of 138 patients had entered the
study and had an outcome in the acute treatment phase
at the point in which these analyses were conducted. Of
these, 71 responded to IPT alone, 11 dropped out or
were terminated from the study, 55 were treated with
combined medication and IPT (including three who re-
lapsed after initial response to IPT alone), and four de-
clined medication treatment. Fluoxetine was the drug
of first choice in this study, but four patients were
treated with another drug for various reasons (e.g., pre-
vious unsuccessful treatment with or intolerance to flu-
oxetine). Of the 51 patients who began treatment with
fluoxetine, 44 had a remission of depression, five did
not have a remission, and two dropped out or were ter-
minated. Twenty-three patients successfully treated
with fluoxetine also had complete PSG studies at base-
line and recovery, and constitute the IPT 

 

1

 

 FLU group
in these analyses. The other 21 patients treated with flu-
oxetine either had a relapse before maintenance sleep
studies (

 

n

 

 

 

5

 

 11), did not complete sleep studies at one
or both of the time points (

 

n

 

 

 

5

 

 5), or did not discontinue
fluoxetine following continuation treatment (

 

n

 

 

 

5

 

 5).
Table 1 indicates demographic and clinical character-

istics of the IPT 

 

1

 

 FLU and IPT groups. The two groups
did not differ on any of these variables except the dura-
tion of acute treatment. As expected from the study de-

 

Table 1.

 

Demographic and Clinical Characteristics of IPT 

 

1

 

 FLU and IPT Groups

 

IPT 

 

1

 

 FLU Group
(n 

 

5

 

 23)
Mean (S.D.)

IPT Group
(n 

 

5

 

 23)
Mean (S.D.) t Statistic

 

p

 

 Value

 

Age 37.3 (9.1) 37.3 (9.1) 0.00 1.00
Age of onset of depression 22.7 (8.2) 23.1 (7.4) 0.19 .85
Duration of index episode prior to treatment (weeks) 32.1 (23.6) 28.7 (22.3)

 

2

 

0.50 .62
Number of episodes 5.4 (3.0) 5.1 (3.0)

 

2

 

0.37 .71
Baseline Hamilton Rating Scale for depression, 17-item 18.2 (3.1) 17.8 (2.3)

 

2

 

0.43 .67
Baseline Hamilton rating scale of depression, 25-item 21.9 (4.3) 21.7 (3.2)

 

2

 

0.16 .88
Baseline Global Assessment Scale 55.5 (5.3) 56.4 (4.7) 0.59 .56
Baseline Pittsburgh Sleep Quality Index 9.6 (3.7) 7.6 (3.7) 1.99 .17
Education (years) 15.3 (2.1) 15.8 (1.9) 0.97 .34
Duration of acute treatment (weeks) 59.6 (16.0) 26.2 (5.3) 3.66 .0001
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sign, the IPT 

 

1

 

 FLU group had a longer duration of
acute treatment than the IPT group (

 

p

 

 

 

5

 

 .0001).

 

Clinical and Sleep Changes Between Baseline 
and Recovery

 

Table 2 shows the results of repeated-measures ANO-
VAs for clinical measures, and repeated-measures
MANOVAs for the four sleep domains. A significant
decrease in HRSD and PSQI scores was identified from
baseline to recovery, confirming improvements in de-
pressive symptoms and sleep quality with successful
treatment. The IPT 

 

1

 

 FLU and IPT groups did not re-
spond differently to treatment, nor did either group
have more severe symptoms, as indicated by the ab-
sence of significant group*time and group effects in the
ANOVA.

MANOVAs on the four sleep domains indicated that
the groups had different patterns of change from base-
line to recovery in terms of slow wave sleep (

 

p

 

 

 

5

 

 .02)
and REM sleep (

 

p

 

 

 

5

 

 .04), as indicated by significant
group*time interaction effects. In addition, there was a
main effect for time in the REM factor (

 

p

 

 

 

5

 

 .01). No sig-
nificant group, time, or group*time interaction effects
were noted for sleep continuity or REM latency/delta
ratio factors.

ANOVAs for individual sleep variables within the
slow wave sleep and REM domains are shown in Table
3. These results showed a tendency for quantitative
measures of delta activity to increase and for Stage 2 to
decrease in the IPT 

 

1

 

 FLU group, with little change evi-
dent on any of these measures in the IPT group. How-
ever, none of the univariate tests of slow wave sleep
variables showed significant group*time, group, or
time effects. Within the REM domain a consistent pat-

tern emerged, characterized by 

 

increases

 

 in phasic REM
activity and REM percentage from baseline to recovery
in the IPT 

 

1

 

 FLU group, and no change or 

 

decreases

 

 in
the same measures for the IPT group. Significant
group*time effects were identified for five of the seven
variables within the REM sleep domain. Figure 1 illus-
trates these interactions for visually-scored percentage
REM and automated REM counts over the entire night.
In addition to these interaction effects, significant main
effects for group and for time were identified for REM
sleep percentage, automated REM counts for the whole
night, and automated REM counts in the first REM pe-
riod. These main effects indicate higher values in the
IPT 

 

1

 

 FLU than in the IPT group, and higher values at
recovery than baseline.

 

DISCUSSION

 

This is the first controlled study to examine the effects
of prior fluoxetine administration of EEG sleep in de-
pressed patients. Patients successfully treated with flu-
oxetine plus IPT showed increases in the percentage of
REM sleep and phasic REM, whereas patients success-
fully treated with IPT alone showed no such increases.
There was also a tendency for fluoxetine-treated pa-
tients to have increased slow wave sleep at remission,
with no change evident in the IPT alone group. These
differences in EEG sleep were observed despite the fact
that baseline and recovery sleep studies in both groups
were conducted when patients were medication-free.
There are four potential explanations for this pattern of
findings: 1) changes associated with recovery from de-
pression; 2) effects resulting from persistent fluoxetine
or its metabolites; 3) drug discontinuation (rebound or

 

Table 2.

 

Clinical and EEG Sleep Measures in FLU and IPT Groups

 

IPT 

 

1

 

 FLU Group
(n 

 

5

 

 23)
IPT Group

(n 5 23)

Group Effect 
(IPT 1 FLU

vs. IPT)

Time Effect
(Baseline vs.

Recovery)

Group *Time
Interaction

Effect

Variable Baseline Recovery Baseline Recovery F (df) p F (df) p F (df) p

Hamilton Rating 
Scale for depression 18.2 (3.1) 4.2 (3.1) 17.8 (2.3) 2.7 (2.6) 3.11 (1,44) .08 504.9 (1,44) .0001 0.71 (1,44) .41

Pittsburgh Sleep 
Quality Indexa 9.5 (3.7) 3.9 (1.5) 7.9 (3.7) 4.3 (1.7) 1.04 (1,35) .31 47.5 (1,35) .0001 2.36 (1,35) .13

Slow Wave Sleep 
MANOVA 1.13 (8,37) .36 1.29 (8,37) .28 2.67 (8,37) .02

REM Sleep
MANOVA 1.85 (7,38) .11 3.02 (7,38) .01 2.46 (7,38) .04

Sleep Continuity 
MANOVA 0.72 (5,40) .62 1.20 (5,40) .33 1.69 (5,40) .16

REM Latency/Delta 
Ratio MANOVA 0.98 (2,43) .38 0.14 (5,40) .87 1.41 (5,40) .26

aAnalyses based on complete data in 37 subjects.
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withdrawal) effects; and 4) neuroadaptational changes
induced by prior fluoxetine exposure.

The different pattern of changes in the IPT 1 FLU
group and the control group of IPT alone patients in
our study argues against the possibility that symptom-
atic improvement alone accounted for the observed
changes in EEG sleep. It is also unlikely that the in-
creased tonic and phasic REM in the IPT 1 FLU group
compared to the IPT group resulted from a longer inter-
val between the two sleep studies in the IPT 1 FLU
group. Previous longitudinal studies of EEG sleep in
depression have consistently shown a decrease in REM
sleep measures from the symptomatic to recovered
states in drug-free patients (Thase et al. 1998; Buysse et
al. 1992; Riemann and Berger, 1989). Thus, both remis-
sion of depression and a longer time interval between
presentation and remission would be expected to result
in decreased rather than increased REM measures.
Likewise, greater depression severity or differences in
age or sex cannot explain the significant interactions we
observed.

Previous studies have indicated a consistent pattern
of EEG sleep changes during fluoxetine treatment com-
pared to drug-free baseline in depressed patients. These
changes include reduced REM sleep percentage, slow
wave sleep percentage, and sleep efficiency; and in-
creased Stage 1 NREM sleep and wakefulness (Armitage
et al. 1997a; Gillin et al. 1997; Hendrickse et al. 1994;
Kerkhofs et al. 1990). The number of phasic eye move-
ments during REM sleep is also increased during fluox-
etine treatment (Armitage et al. 1995, 1997b; Hendrickse
et al. 1994). Thus, the pattern of EEG sleep changes in
the IPT 1 FLU group only partially matched the pattern
expected from continued effects of fluoxetine in pa-
tients’ blood. The long elimination half-life of fluoxetine

and its metabolites, which can range from seven to 15
days, could account for some of these findings. We did
not measure plasma fluoxetine or norfluoxetine levels
at the time of the second sleep studies, but on the basis
of their half-lives, it would have been reasonable to ex-
pect some measurable drug concentration.

There are fewer data regarding the effects of fluoxe-
tine discontinuation on EEG sleep. Discontinuation of
tricyclic antidepressants is associated with rebound in-
creases in the amount of REM sleep (Hartmann and
Cravens 1973; Dunleavy et al. 1972; Gillin et al. 1978;
Kupfer et al. 1994). The effects of tricyclic antidepres-
sant discontinuation on phasic REM activity sleep are
less clear, with evidence for an increase, decrease, or no
change compared to the drug administration period
(Kupfer et al. 1994; Buysse et al. 1996; Gillin et al. 1978).
Discontinuation of citalopram, another SRI drug, leads
to rebound of REM sleep amount, but findings with re-
gard to phasic REM activity were not reported (van
Bemmel et al. 1993). Controlled studies during fluoxe-
tine discontinuation have not previously been reported,
although Schenck and colleagues (1992) reported a sin-
gle case showing elevated REM sleep percentage and
slight reduction of phasic REM two months after fluox-
etine discontinuation relative to values on drug. Medi-
cation withdrawal effects can occur even with measur-
able drug levels, because such effects depend on a
change in drug levels and drug binding to relevant re-
ceptor sites. Thus, findings in the current IPT 1 FLU
group appear to be compatible with drug discontinua-
tion effects except for the increase in phasic eye move-
ments.

One final possibility is that treatment with fluoxetine
induces changes in REM sleep regulation that persist
beyond the period of detectable blood levels, and be-

Figure 1. REM percent and total phasic
REM counts as identified by computer
algorithm for IPT 1 FLU and IPT groups
at baseline and recovery sleep assess-
ments. Significant ANOVA group*time
interaction effects were noted for each
variable (REM percent F 5 4.6; df 5 1,44;
p 5 .04; REM counts F 5 17.4; df 5 1,44;
p 5 .0001).
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yond an acute withdrawal period. Uncontrolled studies
have noted eye movements during NREM sleep which
may persist for as long as 19 months after fluoxetine
discontinuation (Schenck et al. 1992; Winkelman et al.
1992). Such changes could be viewed as persistent neu-
ronal adaptations to acute changes in serotonergic
transmission caused by fluoxetine administration. Per-
sistent changes in serotonergic function have been ob-
served in animal studies with the serotonin-depleting
drug fenfluramine (McCann et al. 1997), although there
is no evidence from animal or human studies that flu-
oxetine or other SRI drugs cause similar neurotoxicity.

When considered in the context of these investiga-
tions, our results appear to demonstrate a combination
of both discontinuation effects (increase in slow wave
sleep and tonic REM) and persistent drug effects (in-
crease in phasic REM). This explanation would depend
on the presence of distinct regulatory systems for pha-
sic and tonic REM sleep that are differentially sensitive
to serotonergic manipulations. Studies of tryptophan
depletion in healthy adults provide some support for
this possibility. The two published studies in healthy
adults showed differential effects of tryptophan deple-
tion on tonic and phasic REM, although the direction of
these changes was not consistent across studies (Voder-
holzer et al. 1998; Bhatti et al. 1998). Total plasma tryp-
tophan after depletion was significantly and negatively
correlated with REM density in the study by Bhatti and
colleagues (1998). Preliminary results demonstrated an
increase in both REM sleep percentage and REM density
when a tryptophan- free drink was given to a group of
remitted depressed patients treated with serotonin re-
uptake inhibitor antidepressants (Bhatti et al. 1995).
Furthermore, parachlorophenylalanine (PCPA) admin-
istration and lesions of the dorsal raphe, both of which
decrease serotonin, result in increase in ponto-geniculo-
occiptal waves, which are closely related to phasic
events such as eye movements during REM sleep (Sie-
gel 1994; Mendelson 1987).

Taken together, these studies indicate that acute de-
creases in serotonergic neurotransmission are associ-
ated with increases in REM sleep, and that tonic and
phasic REM measures may change independently.
These findings also suggest that results in our IPT 1
FLU patients are consistent with a relative decrease in
serotonergic transmission at the recovery sleep evalua-
tion compared to the baseline. However, this explana-
tion is difficult to reconcile with the increase in phasic
REM activity also seen with acute administration of flu-
oxetine and other antidepressants.

Our results have several implications for research
and clinical practice. First, the finding of persistent elec-
trophysiological changes after fluoxetine administra-
tion may have subtle correlates in patient symptoms.
Although our patients reported no unusual symptoms
on our usual battery of rating scales, clinicians should

be alert to the possibility that some patients may experi-
ence subjective correlates of increased REM sleep, such
as abnormal dreams or insomnia, on discontinuation of
SRI antidepressants (Zajecka et al. 1997). Second, clini-
cians and researchers should be cautious in assessing
patients previously treated with fluoxetine, because
they may demonstrate physiological changes for longer
than four weeks after drug discontinuation.

The current study had several limitations that can be
addressed in future studies. First, we studied only
women because of the goals of the parent study. Al-
though there is no reason to believe that men and
women will differ in their physiological responses to
fluoxetine, we cannot exclude that possibility, particu-
larly when emerging data on estrogen status and SSRI
response are considered (Schneider et al. 1997). Second,
we did not routinely assess apnea or periodic limb
movements. Previous studies have not found a high
rate of apnea or periodic limb movements in patients
with insomnia or depression, even among the elderly
(Vgontzas et al. 1995; Buysse et al. 1996). There is no
reason to believe that apnea or periodic limb move-
ments would have been differentially associated with
the IPT or IPT 1 FLU groups at baseline, nor is it likely
that these sleep problems could produce the particular
pattern of results we found. Third, some of our patients
had been treated previously with SRI and other antide-
pressants. However, the proportion of prior SRI treat-
ment in IPT and IPT 1 FLU patients was very similar,
making this another unlikely confound. Fourth, we did
not study EEG sleep during active treatment with flu-
oxetine, which would have helped to more clearly de-
lineate persistent versus discontinuation effects. Fifth,
we did not measure fluoxetine or norfluoxetine levels
during the repeat sleep studies, which would again
help to address the persistent versus withdrawal ques-
tion. Finally, it would be illuminating in the future to
conduct additional studies more than four weeks after
medication discontinuation, in order to better define
the duration of fluoxetine’s effects on brain function.
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