s Y
ELSEVIER

Effects of Fluoxetine on the Polysomnogram in

Outpatients with Major Depression

Madhukar H. Trivedi, M.D., A. John Rush, M.D., Roseanne Armitage, Ph.D.,
Christina M. Gullion, Ph.D., Bruce D. Grannemann, M.A., Paul |. Orsulak, Ph.D.,

and Howard P. Roffwarg, M.D.

This study investigated the effects of open-label fluoxetine
(20 mg/d) on the polysomnogram (PSG) in depressed
outpatients (n = 58) who were treated for 5 weeks, after
which dose escalation was available (<40 mg/d), based on
clinical judgment. Thirty-six patients completed all 10
weeks of acute phase treatment and responded (HRS-D<
10). PSG assessments were conducted and subjective sleep
evaluations were gathered at baseline and at weeks 1, 5, and
10. Of the 36 subjects who completed the acute phase, 17
were reevaluated after 30 weeks on continuation phase
treatment and 13 after approximately 7 weeks (range 6—8
weeks) following medication discontinuation. Acute phase

treatment in responders was associated with significant
increases in REM latency, Stage 1 sleep, and REM density,
as well as significant decreases in sleep efficiency, total
REM sleep, and Stage 2 sleep. Conversely, subjective
measures of sleep indicated a steady improvement during
acute phase treatment. After fluoxetine was discontinued,
total REM sleep and sleep efficiency were found to be
increased as compared to baseline.
[Neuropsychopharmacology 20:447-459, 1999]
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Major depressive disorder is associated with several
sleep EEG findings: (1) impaired sleep continuity (e.g.,
prolonged sleep latency, increased awakenings, re-
duced sleep efficiency); (2) enhanced rapid eye move-
ment (REM) sleep (e.g., reduced REM latency, increased
REM density, increased amount of REM in the first one-
half of the night); and (3) nonREM changes (e.g., de-
creased slow wave sleep, increased light, nonrestor-
ative Stage 1 sleep) (for a review, see Reynolds and
Kupfer 1987; Rush et al. 1991).
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Serotonin neurons play a key role in core behaviors
of mood disorders (e.g., mood, sleep, sexual activity,
appetite, circadian and seasonal rhythms, neuroendo-
crine functions, body temperature, motor activity, and
cognitive function) (Lépez-Ibor 1988; Meltzer and Lowy
1987; Rush et al. 1991). Serotonin affects the regulation
of the sleep-wake cycle, the induction and maintenance
of sleep, and the character of sleep-stage macroarchitec-
ture (based on visual stage scores). The suprachiasmatic
nucleus in the superior hypothalamus maintains the
24 hour sleep-wake cycle and synchronizes it with the
environmental light cycle. The generation of nonREM
sleep involves the basal forebrain, thalamus, hypothala-
mus, dorsal raphe nucleus, and nucleus tractus solitaris
(Siegel 1990).

REM sleep expression is promoted in part by cholin-
ergic neurons (Shiromani et al. 1988; Mitani et al. 1988)
and inhibited by serotonergic and noradrenergic neu-
rons in the dorsal pontine tegmentum (Luebke et al.
1992; Siegel 1990). The balance between monoaminergic
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and cholinergic influences appears to be critical for
REM sleep (McCarley 1982).

Antidepressant medications produce characteristic
changes in the sleep EEG of depressed patients, as well
as normal controls. Whether the effects of antidepres-
sant drugs on sleep of depressed patients differ from
those in healthy controls is unclear because most data
in normals are based on lower antidepressant doses
used for shorter time periods than in depressed pa-
tients. Moreover, antidepressants affect neurotransmit-
ters and their homeostatic balances which are poten-
tially already affected in patients with depression.

Fluoxetine, a highly selective serotonin reuptake
blocker, is as effective as other antidepressant medica-
tions in the treatment of major depressive disorder (De-
pression Guideline Panel 1993). In normal controls, flu-
oxetine increases REM latency, decreases REM sleep,
reduces total sleep time and efficiency, and increases
wakefulness and Stage 1 sleep. However, it is generally
devoid of any effect on slow wave sleep (von Bardele-
ben et al. 1989; Saletu et al. 1991; Hendrickse et al. 1994;
Nicholson and Pascoe 1988). In depressed patients, fluox-
etine appears to prolong REM latency, reduce REM
sleep, reduce REM density, and increase Stage 1 sleep
(Hendrickse et al. 1994). However, Ciapparelli et al.
(1992) found an absence of REM suppression after 4
weeks of treatment, although fluoxetine was associated
with reduced slow wave sleep and sleep continuity,
both of which appeared to persist even after 4 weeks of
treatment with fluoxetine.

This study investigated the effects of fluoxetine on
the polysomnogram (PSG) in depressed outpatients fol-
lowing 1, 5, and 10 weeks (T,, T3, and T,) of acute phase
treatment with fluoxetine. It also provided descriptive
information regarding longer term effects of fluoxetine
on the PSG based on a subset of the original symptom-
atic patient group, once remitted, but still on continua-
tion treatment (i.e., still taking fluoxetine), and on the
same subset who successfully discontinued fluoxetine
for at least 6 weeks following the continuation phase.

Based on the literature, we hypothesized that acute
phase treatment with fluoxetine would (1) prolong
REM latency; (2) decrease REM sleep; (3) prolong sleep
latency; (4) increase Stage 1 sleep; (5) decrease Stages 2,
3, and 4 sleep; and (6) increase awakenings in the first
one-third of the night. We had no specific hypotheses
regarding the timing of these effects or the effect of flu-
oxetine on sleep during or following continuation phase
treatment.

METHODS AND PROCEDURES
Subjects

Subjects were selected from a pool of self-referred patients
and symptomatically depressed volunteers recruited by
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local advertisements. Following an initial screening
visit and written informed consent, potential subjects
underwent full clinical evaluations including the Struc-
tured Clinical Interview for DSM-III-R (SCID) (Spitzer
et al. 1992) administered by a trained clinical evaluator
and confirmed by the first author. Depressive symp-
toms severity was measured by the 17-item Hamilton
Rating Scale for Depression (HRS-D) (Hamilton 1960,
1967) and the 30-item Inventory for Depressive Symp-
tomatology, both clinician-rated (IDS-C) and self-report
(IDS-SR) versions (Rush et al. 1986, 1996).

All patients were required to meet DSM-III-R (APA,
1987) criteria for nonseasonal, nonpsychotic major de-
pressive disorder, single or recurrent type, with moder-
ate to severe symptomatology (as evidenced by a 17-item
HRS-D score =16) and be between 18-50 years of age.

Patients with a history of any other psychiatric disor-
der (including psychoactive substance abuse within the
previous 12 months) were excluded, as were patients
who failed prior adequate treatment with fluoxetine (at
least 4 weeks at 20 mg/day). Individuals engaged in
shift work within the last 6 months and those with in-
dependent sleep disorders (narcolepsy, apnea, bruxism,
nyclonus) established either by history or by PSG eval-
uation were also excluded.

Only nonsteroidal, anti-inflammatory agents were
permitted during the 2-week period preceding all PSG
evaluations. All patients were completely drug-free for
at least 2 weeks prior to the initial (baseline or T,) night
of PSG recording. All patients were similarly drug-free
except for the study medication (i.e., fluoxetine) and
nonsteroidal antiinflammatory agents at all subsequent
PSG evaluations (T, to Ts), and they were completely
drug-free at Ty (post-discontinuation).

Acute Phase Treatment

Patients received open-label fluoxetine throughout the
study, initiated at a dose of 20 mg/day (a.m. dosing).
This dose was maintained for at least 5 consecutive
weeks, at which time all subjects completed their third
PSG assessment. Based on clinical judgment, the dose
was increased to 40 mg/day if satisfactory response
had not occurred by week 5. Patients were evaluated
weekly for symptom severity, side-effects, vital signs,
and compliance for the first 10 weeks of treatment, and
monthly for an additional 7 months. Symptom severity
measures at each visit included the 17-item HRS-D and
the 30-item IDS-C and IDS-SR. Treatment compliance
was monitored by patient self-report, pill counts and
fluoxetine and norfluoxetine blood levels.

Serum samples for fluoxetine and norfluoxetine were
obtained in the morning approximately 24 hours after
the last medication dose, before ingestion of medication
for that day at every visit. Blood was drawn for analysis
between 0800 and 1000 hours following the second



NEUROPSYCHOPHARMACOLOGY 1999—VOL. 20, NO. 5

night of PSG recording at week 1 and at each acute
phase visit thereafter.

Fluoxetine and its metabolite, norfluoxetine, were
isolated from serum by liquid-liquid extraction. They
were then separated and quantified by reverse-phase,
high-performance liquid chromatography (HPLC) with
ultraviolet detection. Units reported are ng/ml. Within-
run precision was determined, yielding a coefficient of
variation between 0.0%-5.1% for fluoxetine and 1.3%-—
7.7% for norfluoxetine. The between-run coefficient of
variation was 4.1%—-6.8% for fluoxetine and 6.2%-8.8%
for norfluoxetine (Orsulak et al. 1988).

Continuation and Post-Continuation Treatment

Patients who had achieved symptomatic remission at
week 10 (HRSD = 10) were continued on the same dose
of fluoxetine through week 30 (i.e., an additional 20
weeks). At week 30 (T;), fluoxetine was discontinued
and another PSG evaluation was performed. Patients
were then followed for an additional 6-8 weeks drug-
free at which time the final PSG evaluation occurred
(week 37 or Tg). During the continuation phase and fol-
lowing discontinuation, patients were evaluated monthly
for symptom severity, side-effects, vital signs, and com-
pliance. Thirty-eight patients completed T,, 18 com-
pleted Ts and 13 completed T;, and remained asymp-
tomatic (HRS-D =< 10). Paired t-tests were used to
evaluate changes from T, through T.

Polysomnographic Evaluations

Baseline PSG assessments were conducted during two
consecutive nights in the Department of Psychiatry
Sleep Study Unit of the University of Texas Southwest-
ern Medical Center on each measurement occasion.
Regular sleep-wake habits were established in advance
and confirmed by a self-reported 5-day sleep diary. Al-
cohol and napping were proscribed and caffeine restric-
tions were in place during the week of study. Each sub-
ject maintained individualized, regular bed and rise
times for at least the 5 days prior to the PSG (as con-
firmed by home diary). An identical sleep-wake sched-
ule was followed during the sleep laboratory studies.

The schedule for PSG assessments were T; (prior to
beginning medication); T, (following the first week on
medication); T (following fifth week on medication); T,
(at the 10th week on medication); T5 (within = 7 days
following the 30th week on medication) and T, (within *
7 days of week 37 of the study or 7-8 weeks after medi-
cation discontinuation).

Electroencephalographic (EEG) data were collected
from left (C3) and right (C4) central electrodes with a
common ear reference passed through a 10-k ohm re-
sister to minimize nonhomogenous current flow (Nunez
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1981). Monopolar, left and right electrooculograms, and
bipolar chin-cheek electromyograms were also re-
corded. A full electrode montage, used on the first night
in the sleep laboratory, included leg, chest, and abdo-
men leads, and a nasal-oral thermistor to rule out inde-
pendent sleep disorders. Interelectrode impedance was
maintained below 2-k ohms. All electrophysiologic sig-
nals were recorded on GRASS P-511 AC amplifiers and
displayed on a paperless polygraph system designed
and validated in-house. An amplifier sensitivity of 5
was used for EEG (50 uV, 0.5-second duration calibra-
tion), with half-amp low- and high-bandpass filters set
at 0.3 and 30 Hz. A 60-Hz notch filter attenuated electri-
cal noise. Interelectrode impedances were maintained
below 2-k ohm. Amplifiers were calibrated before and
after each night’s sleep. As is standard procedure in our
laboratory, EEG amplifiers were counterbalanced be-
tween hemispheres, across subjects, and between nights
to rule out amplifier artifact as a contributing source to
interhemispheric differences (Armitage et al. 1989) rou-
tinely evaluated in computer-analyzed EEG frequen-
cies, but not reported here. Sleep EEG records were
scored from C3 according to standard Rechtschaffen
and Kales (1968) criteria by technicians trained at better
than 90% agreement on an epoch-by-epoch basis.

Polysomnographic Parameters

A number of sleep variables were derived from the
sleep-stage score data. Total time in bed (TIB) was com-
puted as the total time from lights-out to wake-up time.
Sleep onset latency was defined as the time elapsed be-
fore the first epoch of sleep in a 10-minute segment con-
taining no more than 2 minutes of wakefulness or the
time in minutes to the first half-minute of REM sleep,
whichever was sooner (Rush et al. 1989). Total sleep pe-
riod (TSP) was defined as the length of time from sleep
onset to wake up. Total sleep time (TST) was defined as
all sleep time in TIB. Sleep efficiency was computed as
the ratio of all sleep time to total time in bed both in-
cluding and excluding Stage 1 sleep. REM latency was
equal to the number of minutes (including awake and
movement (AMT) time) from sleep onset to the first ep-
och of REM sleep (irrespective of REM period dura-
tion). REM density was expressed as the average den-
sity per minute of REM evaluated on a 0—4 scale.
Minutes and percentages of each sleep stage and of
AMT time were computed in relation to TSP. Minutes
of AMT were also calculated by thirds of TSP. Arousals
were defined as the total number of awake episodes of
0.5 minutes or longer duration in TSP.

The mean of 2 nights of PSG recording was used for
all analyses. If an invalid sleep recording occurred on
either of the first two nights, a third night of sleep mea-
surement was conducted and the two most consistent
of the three nights data were used.
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Outcome Measures

The 17-item HRS-D was the primary outcome measure.
Response to acute phase treatment was defined as a 17-
item HRS-D score <10 for one visit. An HRS-D score
<10 at each subsequent visit after week 10 was required
for patients to continue in the protocol. The 30-item
IDS-C and IDS-SR were used as secondary outcome
measures.

To evaluate the subjective effects of fluoxetine on
sleep, the sleep factors of the 17-item HRS-D and the 30-
item IDS-C and IDS-SR were used. The former rates
early, middle, and late insomnia, each on a 0-2 scale.
The IDS-C and IDS-SR both rate each of these three
forms of insomnia on a 0-3 scale, as well as hypersom-
nia on a 0-3 scale. The total scores on these subscales
(range = 0-6 for the HRS-D and 0-12 for the IDS-C and
IDS-SR, respectively) were computed on a weekly basis
(acute phase) to gauge the particular sleep effects of the
medication.

Data Analyses

Sixty-one subjects were enrolled in acute phase treat-
ment, 3 of whom were subsequently excluded because
of missing/incomplete baseline data, leaving a total eli-
gible sample of 58.

Acute Phase Analysis Sample

Twenty-two of the 58 subjects were not used in the
acute phase analysis. Five of the 22 completed the acute
phase and met the response criteria but did not com-
plete all three sleep evaluations. One subject completed
the acute phase but did not meet the response criteria.
Sixteen subjects dropped out of the study before the
end of the acute phase; 7 of which dropped prior to a re-
sponse and 9 after a response but prior to the end of the
acute phase. Of the 7 subjects who dropped out before a
response, 3 did so after only 1 week of treatment and 4
after at least 4 weeks of treatment.

To evaluate changes in PSG parameters over all mea-
surement occasions in acute phase treatment (i.e., base-
line and weeks 1, 5, and 10), a repeated measures multi-
variate analysis of variance (MANOVA) was conducted
using the 36 subjects with PSG measures at all 4 acute
phase measurement occasions (T; to T,). Change in
symptom severity, subjective sleep ratings and fluoxet-
ine/norfluoxetine blood levels were evaluated during
the acute phase.

Follow-up Analysis Sample

Of the 36 subjects included in the acute phase analysis,
14 dropped out before T and 1 after Ts, with all visits
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meeting the response criteria. One subject relapsed be-
fore Ts, 4 relapsed at Ts and 3 relapsed at T¢. To evaluate
the long-term effects of fluoxetine in remitted depressed
outpatients on mediation, we focused on the 13 subjects
who completed Ty, Ts, and Ty, recognizing that these data
were selective in that only those well enough and will-
ing to complete all measurement occasions were included.

All parameters were examined for violation of sym-
metry and equal variances. Appropriate transforma-
tions were made prior to analyses. The natural logarithm
was used for fluoxetine, norfluoxetine and total fluoxe-
tine levels, as well as for REM latency, sleep latency, to-
tal minutes of AMT, and AMT by one-thirds of TSP.
Squared transformation was used for sleep efficiency (in-
cluding and excluding Stage 1), TIB, TSP, and TST. Or-
dinal transformations were used for minutes and %
Stages 3 and 4 sleep because no slow-wave sleep was
evident in 36% of the PSG recordings. While we re-
ported raw score values for ease of communication in
the tables and figures, only transformed values were
used in the statistical analyses which were divided into
several parts.

1. Initially, repeated measures MANOVA were carried
out for PSG parameters at baseline (T;) through
week 10 (T,), without controlling for blood levels on
the 36 subjects who completed T, and responded to
treatment. This analysis tested the main hypotheses
regarding the effect of fluoxetine on REM latency, %
REM, minutes of AMT in the first one-third of sleep,
sleep latency, and sleep Stages 1-4. Similar analyses
were then conducted to describe the effects of time
on fluoxetine, norfluoxetine, and total blood levels,
as well as on clinician-rated (HRS-D and IDS-C) and
self-reported (IDS-SR) sleep factors.

Polynomial effects were tested when the multi-
variate main effect of time (T) was significant. A sig-
nificant linear component indicated a steady pro-
gressive increase or decrease in the parameter over
the acute treatment period (T, to T,). A significant
quadratic component indicated a single change in di-
rection, such as an increase or decrease followed by
no subsequent change in the opposite direction. The
third possible and highest order component (with 4
measurement points) is a cubic component which in-
dicates two change points or an S-shaped curve. One
example would be a period of no change followed by
a period of increase (or decrease), followed by a sec-
ond period of no change. It should be noted that in
instances in which more than one of the polynomial
components was significant, the highest order com-
ponent indicates the number of change points or
general shape of the pattern of change. A second
method used to understand the main effect was to
test for specific differences between baseline (T;) and



NEUROPSYCHOPHARMACOLOGY 1999—VOL. 20, NO. 5

each of the other acute phase measurement occasions
(T,~T,) using a series of paired f-tests.

2. Following the same statistical procedures as de-
scribed above, exploratory analyses included several
important PSG measures not included in the original
hypotheses: sleep efficiency (including and exclud-
ing Stage 1), total minutes AMT time, minutes of
AMT in the second and third one-thirds of TSP, TST,
and TIB.

3. To verify that the pattern of change in fluoxetine and
norfluoxetine blood levels were consistent with the
design of the prescribed dosing regimen, a series of
analyses examining the pattern of change in fluoxet-
ine, norfluoxetine and total blood level (the sum of
the two) were conducted. Raw blood levels were
transformed using a natural logarithm transforma-
tion to meet analyses requirements. The expected
pattern of change was for a rapid increase between
week 0 (baseline) and week 1, followed by a slow in-
crease (or steady level) between weeks 1 and 5, and a
second period of increased levels between weeks 5
and 10 (reflecting an increase in oral dose for some
patients). The analysis confirmed this expected pat-
tern with all 3 measures (fluoxetine, norfluoxetine,
and total blood level), showing a significant change
in levels over time (fluoxetine: F(3,28 = 1298.7, p <
.0001; norfluoxetine: F(3,28) = 1956.4, p < .0001; total
blood level: F(3,28) = 4072.9, p < .0001). As expected,
this change included significant linear, quadratic,
and cubic components. Only the 31 subjects with
complete blood level data were used in this analysis.

4. To explore the relationship between blood levels,
HRS-D scores, and PSG measures, secondary analy-
ses were conducted that included both the severity
of depressive symptoms over time (HRS-D) and total
blood levels (the log of total fluoxetine and norfluox-
etine) as time-dependent covariates. This was carried
out in a two-step process using repeated measures
MANCOVAs with severity and drug level as the
time-dependent covariates. The first step was used
to test for homogeneity of slopes and included both
measures as main effects and an interaction term. If
no interaction was found, a second analysis was con-
ducted using only the two measures (HRS-D score
and blood level) as time-dependent covariates.

5. Analyses were conducted to explore the subjective
experience of changes in sleep during acute phase
treatment. Based on the sleep items from the HRS-D
(items 4, 5, and 6), and the IDS-C and IDS-SR (items
1, 2, 3, and 4), 3 measures of subjective sleep experi-
ence were constructed to explore these changes. The
scoring for the IDS-SR measures were based on the
Rush et al. (1996) analyses which indicated a reverse
weighting on item 4. A repeated measures MANOVA
was used to test for an overall effect. Linear, qua-
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dratic, and cubic components, as well as t-tests, were
used to describe the pattern of change. As these were
exploratory analyses, probabilities should be used
only to suggest possible effects.

6. A final series of paired t-tests were conducted on the
13 subjects who completed continuation treatment
and the post-discontinuation follow-up. To deter-
mine how long-term exposure to fluoxetine may af-
fect sleep, t-tests were used to compare the end of
acute phase (T4) and end of continuation phase (Ts)
treatment. Paired t-tests were also conducted to ex-
plore possible differences between baseline (T;) and
Ts, and between T; and T to determine the long-
term effects of fluoxetine following 6-8 weeks of
drug discontinuation in remitted depressed patients.
Since these analyses were strictly exploratory, no
Bonferroni corrections were used, and values are
only presented as a guide for future research.

RESULTS

Table 1 gives the clinical and demographic characteris-
tics for the total sample (n = 58), and for responders
(n = 36). Table 2 provides the means and standard devi-
ations of all sleep EEG measures at baseline (T;) for the
complete sample (n = 58). Using an unpaired t-test with-
out Bonferroni correction, no differences were found be-
tween the 36 subjects whose data was used in the acute
phase analysis and the 22 subjects whose data was not.

Only subjects with complete data at all 4 acute phase
PSG measurement occasions [baseline (T;), week 1 (T,),
week 5 (T3), and week 10 (T,)] were included in the re-
peated measures analyses. Table 3 shows the PSG pa-
rameters for these 36 subjects at weeks 0, 1, 5, and 10.
While Table 3 shows raw scores (i.e., nontransformed),
data were transformed for analytical purposes (see above).
All p values below are a test of the overall multivariate
F of change over time, and the significant linear, qua-
dratic, and cubic components of the effect are noted in
Table 3.

Consistent with our hypotheses, fluoxetine signifi-
cantly altered REM sleep in that REM latency increased
throughout acute phase treatment (F(3,33) = 59.5, p <
.0001). However, this effect included a marked immedi-
ate increase followed by a slight decline after the first
week on medication (Figure 1) and it remained higher
than baseline at all 3 acute phase measurement occa-
sions (weeks 1, 5, and 10). Percent REM sleep was sig-
nificantly reduced (F(3,33) = 22.8, p < .0001) from base-
line on all occasions. There was a sharp decline at week
1 and then subsequent small increases from week 1 to
week 5 and then week 10 (Figure 2).

The hypotheses regarding changes in sleep continu-
ity early in the night were generally confirmed. Minutes



452 M.H. Trivedi et al.

NEUROPSYCHOPHARMACOLOGY 1999—VOL. 20, NO. 5

Table 1. Baseline Features of the Full Sample and the Analyzed Sample

Total Sample (n = 58)

Analyzed Sample (1 = 36)

Mean + SD Mean * SD
Measure n Range or % n Range or %
Age (yr) 58 (18-50) 346+ 88 36 (18-50) 36.5 9.6
Education (yr) 58 (9-24) 140 +22 36 (11-24) 143 +24
Female 38 — 65.5% 24 — 66.7%
Male 20 — 34.5% 12 — 33.3%
Axis V
Current level 57 (41-70) 55.5 + 49 36 (45-70) 55.7 £ 4.7
Highest level 57 (5-80) 63.2 £ 10.1 36 (5-80) 62.8 =11.8
Age at onset (yr) 55 (7-49) 248 £11.1 35 (8-49) 26.2 +12.1
Number of episodes 49° (1-6) 20+13 307 (1-4) 1.8 £1.0
Length of illness (yr) 55 (0-38) 10.0 £ 9.5 35 (0-38) 10.1 * 10.5
Length of current episode
(months) 57 (1-168) 35.3 £36.1 36 (1-168) 374+ 38.0
Depressive symptom severity
HRS-D 58 (16-32) 21.8 =33 36 (16-29) 21227
IDS-C 58 (27-58) 39.2£8.0 36 (27-58) 38.1x8.0
IDS-SR 54 (21-68) 434 +10.0 33 (28-61) 423 + 84
Course of illness
Recurrent, complete recovery 16 — 28.1% 8 — 22.2%
Recurrent, incomplete recovery 13 — 22.8% 8 — 22.2%
Single episode 22 — 38.6% 16 — 44.4%
Unknown 7 — 12.1% 4 — 11.1%
Depressive subtype (MDD Only)
RDC Primary 47 — 81.0% 30 — 83.3%
RDC Secondary 7 — 12.1% 4 — 11.1%
Unknown 1 — 1.7% 2 — 5.6%
RDC Endogenous 26 — 44.8% 16 — 44.4%
RDC Nonendogenous 31 — 53.5% 19 — 52.8%
Unknown 1 — 1.7% 1 — 2.8%
DSM-IV Melancholic 11 — 19.0% 8 — 22.2%
DSM-IV Nonmelancholic 47 — 81.0% 28 — 77.8%
Nonpsychotic 58 — 100.0% 36 — 100.0%
Family history subtype
Depression Spectrum Disease 21 — 36.2% 12 — 33.3%
Familial Pure Depressive Disease 9 — 15.5% 5 — 13.9%
Sporadic Depressive Disorder 10 — 17.2% 6 — 16.7%
Familial Bipolar Disease 1 — 1.7% 1 — 2.8%
Unknown 2 — 3.5% 12 — 33.3%

“Number of episodes too many to count.

of AMT in the first one-third of TSP increased signifi-
cantly (F(3,33) = 3.4, p < .03) over acute phase treat-
ment, although values at weeks 1, 5, and 10 (taken as in-
dividual measurement occasions) were not higher than
baseline. Sleep latency tended to decrease (F(3,33) =
2.5, p < .08) at weeks 1 and 10, but was no different
from baseline at week 5.

The predictions of increased Stage 1 and decreased
Stage 2 sleep were also confirmed. Both minutes (F(3,33) =
9.9, p <.0001) and % (F(3,33) = 12.6, p < .0001) Stage 1
significantly increased. These effects were characterized
by a rapid rise in Stage 1 sleep between baseline and
week 1, which slowed between weeks 1 and 5, and re-
mained constant between weeks 5 and 10. Minutes of
Stage 2 sleep rose initially, and then decreased (F(3,33) =
9.1, p < .0002). The changes from baseline revealed only

a significant difference at week 10, with minutes of
Stage 2 lower than at baseline. Similar results were ob-
tained for % Stage 2 (F(3,33) = 8.9, p < .0002).

The hypothesized changes in sleep Stages 3 and 4
were not found. Minutes and % Stages 3 and 4 did not
significantly change from baseline (Wilcoxon signed
ranks test).

The follow-up, time-dependent covariate analyses
revealed an interaction between HRS-D score and total
blood level for REM latency [F(1,99) = 7.2, p < .002], %
REM (F(1,99) = 12,9, p < .0005], minutes of Stage 2
(F(1,99) = 11.1, p < .002] and % Stage 2 (F(1,99) = 6.7,
p < .02]. The presence of interactions between the two
covariates and PSG measures indicates that the effects
of HRS-D score and blood level are not independent of
PSG measures over the duration of acute phase treat-
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Table 2. PSG Parameters at Baseline (T;) (1 = 58)
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Parameter Mean = SD Parameter Mean = SD
TIB (min) 4441 £ 525 Stage 1 min in TSP 70.0 £29.3
TSP (min) 4225+ 544 % Stage 1 in TSP 165+ 6.5
TST (min) 393.7 = 50.6 Stage 2 min in TSP 225.8 =432
REM latency (min) 81.3 =257 % Stage 2 in TSP 53.5+ 89
% Stage REM in TSP 171+ 43 Stages 3 and 4 min in TSP 12.4 = 14.9
REM density 24+0.6 % Stages 3 and 4 min in TSP 3.0£4.0
AMT in TSP (min) 292 +17.2 % Sleep efficiency 88.7 4.7
AMT in first 1/3 TSP (min) 70*53 % Sleep efficiency (minus stage 1) 73.0 =89
AMT in second 1/3 TSP (min) 11.3 = 11.6 Sleep latency (min) 18.6 = 9.8
AMT in third 1/3 TSP (min) 11.1£9.0

ment. To assist with the interpretation of this interac-
tion, subjects were divided into three groups based on
changes in total fluoxetine/norfluoxetine blood levels
between treatment weeks 5 and 10. The first group con-
sisted of subjects whose blood level either remained un-
changed or showed a slight decrease. The second group
included subjects whose blood levels showed a slight
increase. The third group included subjects whose blood
levels showed a marked increase from week 5 to week
10. Of note is that this group consisted of subjects who
also had an increase in fluoxetine dose from 20 mg/day
to 40 mg/day due to nonresponse. Figure 3 shows the
three groups defined by changes in blood levels.

The pattern of change in REM latency is similar
across the first two groups. There was an initial increase
at week 1, followed by a gradual decrease over the re-
maining 9 weeks. For the third group, the interaction

was the result of an increased blood level (due to in-
creased dose), while HRS-D score decreased between
weeks 5 and 10. The interactions for % REM are similar,
with the pattern of change reversed (i.e., initial decrease
followed by recovery for the first two groups, whereas
the third group showed a further decrease between
weeks 5 and 10).

The interaction found for Stage 2 sleep was not
caused by differences in changes during treatment but
rather by differences at the beginning of treatment. Sub-
jects in the third group start well above the first and sec-
ond groups for Stage 2 sleep at week 0 (T;) and show no
initial change in the amount of Stage 2 sleep. In con-
trast, subjects in the first two groups showed an in-
crease in Stage 2 sleep at week 1. Interestingly, at week
5 all three groups are at baseline levels (i.e., the first two
groups show decreases which followed the initial in-

Table 3. PSG Measures at All Acute Phase Sleep Occasions for Acute Phase Responders (1 = 36)"

T, T, T T,

Mean * SD Mean * SD Mean * SD Mean = SD
TIB (min) 4421 £57.6 437.3 £53.9 442.1 £ 56.5 436.4 £ 55.7
TST within TSP 389.8 = 56.4 389.1 = 47.0 389.1 = 50.9 384.0 = 52.0
Time from sleep onset to wake-up (min) 420.3 £ 59.9 420.9 + 48.7 424.0 £ 535 4195 £ 545
REM latency (min) (includes AMT) (LQC) 80.1 = 25.1 156.2 + 69.5 141.6 = 59.5 133.2 + 54.8
% stage REM in TSP (QL) 169 + 44 10.8 £ 4.5 12.6 £ 4.5 145+ 4.5
Average REM density /REM min in TSP (L) 24 *06 2.6 0.8 2908 3109
AMT in TSP (min) 31.0 = 185 32.3 £209 354 +19.6 36.0 = 21.9
AMT in first 1/3 TSP (min) (L) 64 +50 57 *39 81+54 85+73
AMT in second 1/3 TSP (min) 125 =133 14.1 =159 144 =134 13.6 £10.9
AMT in third 1/3 TSP (min) 121+9.7 12.5 = 10.0 133 9.0 139 £10.5
Stage 1 min in TSP (LQC) 69.3 = 27.6 87.9 + 34.5 102.3 = 41.9 105.4 + 43.9
% Stage 1 in TSP (LQC) 164+ 63 21.0 * 8.4 23.9 + 8.6 24.7 * 8.7
Stage 2 min in TSP (LQ) 2229 £48.7 233.3 £48.0 216.7 = 41.0 201.4 = 47.0
%Stage 2 in TSP (LC) 53.1 9.9 55.5+9.8 515+ 8.8 48.4 = 10.9
Stages 3 and 4 min in TSP 12.7 = 155 10.5 = 13.1 8.0 = 10.0 7.8 £10.0
% Stages 3 and 4 iin TSP 32+44 25+33 19+24 1.9 = 2.6
% sleep efficiency 88.2 £52 892 +5.7 88.1 £5.1 88.1+65
% sleep efficiency (minus stage 1) (LQ) 725 +9.0 68.9 = 9.7 65.1 = 9.8 64.3 = 10.5
Sleep latency (min) (8/10:1) 17.9 = 10.2 15.1 = 10.5 153 +9.1 15.7 + 13.4

T, = baseline; T, = 1 week on drug; T; = 5 weeks on drug; T, = 10 weeks on drug.
Numbers in boldface indicate significant changes from baseline (T;) (p < .05). LQC indicates a significant (p < .05) linear (L), quadratic (Q), or cubic

(C) component.



454 M.H. Trivedi et al.

300

270

240

Minutes of REM Latency

I 1 T T T T I T T [

0 1 2 3 4 5 6 7 8 9 10

Weeks of Treatment

Figure 1. The effects of fluoxetine on REM latency.

crease, while the third group remained unchanged). Fi-
nally, by week 10, the first and third groups fall below
baseline levels for Stage 2 sleep, yet the second group
remained unchanged.

No significant interactions were found for minutes
AMT in the first one-third of the night, sleep latency,
Stage 1 and % Stage 1. Thus, results are reported only
for the main effects model. For AMT in the first one-third
of the night, only the HRS-D covariate was significant
(F(1,100) = 6.4, p < .007], indicating an increase in AMT
in the first one-third of the night as HRS-D score de-
creased during treatment. For sleep latency, only total
blood level was a significant predictor [F(1,100) = 6.4,
p < .02], indicating a decrease in sleep latency as blood
level increases. Both HRS-D score [F(1,00) = 49, p <
.03] and total blood level [F(1,100) = 10.2, p < .002] pre-
dicted minutes in Stage 1 sleep, but in opposite direc-
tions. Stage 1 increased as HRS-D score decreased,
whereas Stage 1 decreased as total blood level increased.
For % Stage 1, the same pattern was found for total
blood level [F(1,100) = 14.5, p < 0.002], but the HRS-D
covariate effect was only marginal [F(1,100) = 2.8, p < .10].

For exploratory analyses of PSG measures for which
no hypotheses were made, only REM density signifi-
cantly increased (F(3,33) = 17.0, p < .0001), and sleep ef-
ficiency (minus Stage 1) significantly decreased (F(3,33) =
12.6, p < .0004) over time. None of the other PSG mea-
sures changed significantly.

A parallel set of repeated measures MANOVA anal-
yses were conducted using only the final night of PSG
recording to allow for comparisons of our results for
means of 2 nights to single night PSG recordings. Three
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Figure 2. The effects of fluoxetine on % Stage 1, % Stage 2,
and % REM sleep.

subjects had only 1 night of PSG recording at the end of
acute phase treatment (T,) and they were not included
in this analysis. All measures were transformed as de-
scribed above.

The results of the final night analyses were compara-
ble to the average of two nights with no differences in
overall significance. The only significant differences
found were in the presence (or absence) of quadratic
(AMT time in the first one-third of the night) or cubic
(sleep efficiency) components.

The quadratic component for Stage 2 and the cubic
component for % Stage 2 were not significant in the fi-
nal night analyses. Similarly, the cubic component was
now only marginally significant for Stage 1 sleep and
was nonsignificant for % Stage 1.

All 3 subjective measures of insomnia showed a sig-
nificant change over acute phase treatment (HRS-D:
F(3,33) = 33.8, p < .001; IDS-C: F(3,33) = 29.8, p < .001;
IDS-SR: F(3,32) = 15.9, p < .0001). The overall pattern
was a steady decrease in the amount of reported insom-
nia. The t-tests indicated that the improvement began at
week 1 and continued throughout acute phase treatment
(see Table 4).

Study Completers

To inform future studies, a second set of descriptive
data were compiled (Table 4) and exploratory analyses
conducted on the transformed data of the 13 subjects
who completed T,, Ts, and T,. These 13 were then com-
pared to the 23 subjects who completed only acute
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Figure 3. Three groups defined by blood level change: (A) total blood level (1v); (B) HRS-D.

phase treatment to identify any obvious differences be-
tween the two groups. The groups did not differ with
regard to blood levels at T, or PSG parameters. How-
ever, at week 10, the 13 completers had significantly
lower HRS-D total scores (£(34) = 2.3, p < .04) (study
completers: mean = 4.0 * 2.2; acute phase only com-
pleters: mean = 6.0 = 2.7).

Table 4 shows the PSG parameters for the 13 subjects
who completed T,, Ts, and T,. Comparison of subjects
after 10 weeks on fluoxetine with themselves after 30
weeks (+4 days) on drug (i.e., end of continuation phase
treatment or Ts), revealed only a significant increase in
% REM. To determine how much change from baseline
persisted after 30 weeks of treatment (i.e., comparable
to the drug-free but symptomatically depressed state),
comparisons between T; (baseline) and Ts were con-
ducted. These analyses revealed that Stage 1 (minutes
and %), REM density, sleep efficiency (minus Stage 1)
and REM latency were still elevated as compared to
baseline (Table 4).

Once drug-free for at least 7 weeks (£5 days) (i.e., at
T, or post-discontinuation), the following differences
were found between T, and T, and between T5 and T,.
For both comparisons, minutes and % Stage 1 were
lower at T¢; Stage 2 (both % and minutes) was higher at
Te; AMT time was lower at T,; and both sleep efficiency
and sleep efficiency (minus Stage 1) were lower at Ts.
Furthermore, % REM was higher, REM density was
lower and minutes of AMT in the first, second and third
one-thirds of the night were lower at T, than at Ts
(paired t-tests).

Of note is the apparent “recovery” of minutes of
Stages 1 and 2, sleep efficiency (minus Stage 1), and
REM density at T, to approximately pretreatment (i.e.,
baseline) levels. On the other hand, both REM latency
and AMT time in the first one-third of the TSP showed
only significant decreases between the end of acute
treatment (T,) and the drug-free post-treatment follow-
up (T). For the subjective sleep measures, all (T,, Ts and
T,) were lower than baseline (T;) and did not differ
from each other (see Table 5). Since all of these findings
are based on a very small, highly select sample using
post hoc analyses, they should be viewed with caution.

DISCUSSION

The major findings of this study were that symptomatic
response to acute phase treatment with fluoxetine light-
ened sleep, in that it increased Stage 1 and decreased
Stage 2. REM latency was also longer, total REM sleep
decreased, and REM density increased. A weak in-
crease in AMT time in the first one-third of the night,
and a trend toward a decrease rather than the predicted
increase in sleep latency were also found. No changes in
Stages 3 and 4 sleep was found. Most effects were ap-
parent by the first week on fluoxetine and largely per-
sisted throughout the 10 weeks of acute phase treatment.

When symptom severity (HRS-D score) and blood
level change were used to predict acute phase treatment
related PSG response patterns, the interaction of both
accounted for the pattern of change in REM latency, %
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Table 4. PSG Parameters for Subjects Completing the 30-Week Treatment Trial and 7
Weeks of Follow-up (n = 13)*

T, T, Ts® T
Mean * SD Mean * SD Mean * SD Mean * SD
TIB (min) 428.4 £ 519 4243 = 49.7 4184 £77.8 4184 =589
TST within TSP 374.9 = 53.6 372.0 £ 48.5 3669 =642 384.4 * 62.8
Time from sleep onset

to wake-up (min) 404.5 £ 57.6 409.5 £ 494 3985 738 405.0 = 63.4
REM latency (min)

(includes AMT) 76.3 £22.0 121.3 = 43.8 104.3 = 34.9 66.7 + 15.07¢
% Stage REM in TSP 16.2 = 4.3 149 =43 18.7 = 3.1° 19.0 = 5.2°
Average REM Density/

REM min in TSP 23*x04 3.0 0.7 2.9 0.7 2.4 * 0.5
AMT in TSP (min) 30.2 = 16.1 38.0 =139 32.1 +13.7 21.0 = 11.8"
AMT in first 1/3 TSP (min) 75+71 8137 72+37 5.8 £3.2°
AMT in second 1/3 TSP 135 £ 11.7 12.3 =39 13.0 7.7 74 +48
AMT in third 1/3 TSP 9270 17.8 = 13.7 119 =49 8.0 =420
Stage 1 min in TSP 717 = 33.8 107.2 = 45.2 100.4 = 36.5 71.6 = 20.6"¢
% Stage 1 in TSP 17.7 = 8.1 25.9 £94 24.7 £ 6.8 17.9 = 5.0%¢
Stage 2 min in TSP 208.0 = 51.8 186.2 = 48.8 175.6 = 40.6  209.7 * 49.3°
% Stage 2 in TSP 51.0 =10.2 459 =104 443+79 514 =9.1¢
Stages 3 and 4 min in TSP 13.8 = 18.1 8.6 +11.6 8.6*+113 119 * 145
% Stages 3 and 4 in TSP 3959 21x3.0 2232 32+43
% sleep efficiency 874 6.0 87.6 £3.5 879 £39 91.6 = 4.70¢
% sleep efficiency

(minus stage 1) 70.6 £ 9.6 62.6 + 8.2 64.5 + 8.2 74.4 * 7.0b¢
Sleep latency (min) (8/10:1) 15.7 = 8.8 13.1 * 6.6 16.8 = 15.0 10.7 £ 54

“Significant change between T, and Ts (p < .05).
¥Significant change between T, and T, (p < .05).
“Significant change between Tsand Ty (p < .05).

4T, = baseline; T, = 10 weeks on drug; Ts = 30 weeks on drug; T, = 7 weeks off drug.

°n = 12 (one patient had no Tj sleep).

Number in boldface indicates significant change between that time period and baseline (T;).

REM and Stage 2 sleep. Conversely, for Stage 1 sleep,
both severity and blood levels independently contrib-
uted to the response pattern. Finally, only blood level
change accounted for sleep latency changes whereas,
only symptom severity accounted for the pattern of
change in AMT in the first one-third of the night.

The increase in REM latency, coupled with a de-
crease in total REM sleep, confirms the findings from
our pilot study (Hendrickse et al. 1994) and is similar to
other reports for most antidepressant medications, in-
cluding tricyclics and selective serotonin reuptake in-
hibitors (SSRIs) (Heiligenstein et al. 1994; Keck et al.

Table 5. Symptom Severity, Sleep Factors, and Blood Levels for Subjects Completing the
30-Week Trial and the 7-Week Follow-up (1 = 13)

T, T, T, T,
Mean = SD Mean *= SD Mean *= SD Mean *= SD

Symptom severity

HRS-D 20.6 + 3.1 40=*+22 24+19 24+23

IDS-C 325+70 6.6 +4.2 5.6 +6.1 45+32

IDS-SR 323 +8.0 10.0 5.9 9.8 +10.8 10.6 = 6.2
Sleep factors

HRS-D 35+15 09+14 0.2+04 09 +1.3

IDS-C 45+17 1.2 +17 0.3 0.6 1.1+1.6

IDS-SR 36*+15 1.5+x11 1.8+22 2.0+ 1.6
Blood levels?

Fluoxetine 0.0 0.0 121.7 = 63.1 118.6 = 9.45 0.0 £0.0

Norfluoxetine 0.0 0.0 150.1 £ 57.7 139.7 + 69.2 0.0 =0.0

7 Blood levels for T; (n = 13), T, (n = 12), and Ts and T, (1 = 10).
Numbers in boldface indicate significant change from baseline (T;) for subjective sleep factors (p < .05,

paired t-test).
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1991; Kupfer et al. 1981; van Bemmel et al. 1993, Vogel
et al. 1990). The significant increase in REM density
may be purely secondary to increased oculomotor ac-
tivity induced by fluoxetine (Armitage et al. 1995;
Schenck et al. 1992), although its direct effect (i.e.,
blockade of serotonin reuptake) is clearly expected to
increase 5-HT availability at all post-synaptic 5-HT re-
ceptors (especially 5-HT;c) and thus decrease REM
sleep. Moreover, since REM density is based on average
REM minutes, it reflects an actual increase in the num-
ber of eye movements on fluoxetine, despite decreased
REM time.

The findings of increased Stage 1, decreased Stage 2,
and increased AMT time in the first one-third of the
night also replicate earlier findings, suggesting an over-
all lightening of sleep secondary to fluoxetine (Hen-
drickse et al. 1994; Keck et al. 1991). In their sample of
16 subjects treated with citalopram (an SSRI), van Bem-
mel et al. (1993) found increased Stages 1 and 2 sleep,
but did not find significant changes in sleep continuity
variables. One possible explanation for the discrepancy
in sleep continuity findings is that they analyzed only
total time awake as opposed to the first, second, and
third one-thirds of the night, whereas Stage 2 sleep may
be increased secondary to citalopram’s histaminergic
effect.

Interestingly, in spite of the above-mentioned light-
ening of sleep with sleep continuity disruptions, subjec-
tive reports of insomnia-related disturbances showed
significant improvement throughout acute phase treat-
ment. However, the insomnia items of the HRS-D and
IDS may not be sensitive to all dimensions of subjective
sleep disturbance. When specifically queried about sleep
quality and the number and duration of awakenings,
37.5% of women and 12% of men have reported more
disturbed sleep while on fluoxetine (Armitage et al.
1995). Moreover, insomnia secondary to fluoxetine has
been reported by others (Dorsey et al. 1996). However,
the current findings do not concur and may be related
to the fact that this investigation was a sleep study of
responders only. It is possible that patients with insom-
nia secondary to fluoxetine drop out early in the course
of the treatment. Nevertheless, subjective sleep mea-
sures may not always show the same magnitude and
direction of change as do objective sleep parameters. Fi-
nally, sleep latency continues to improve with symp-
tomatic improvement while on fluoxetine.

In the subset of patients who continued on fluoxetine
for 30 weeks and were studied again after 7-8 weeks off
medication, there was evidence of some accommoda-
tion to the acute phase effects. However, while still on
medication and once fluoxetine was discontinued, the
short REM latency, exceptionally short sleep latency,
and increased REM all suggest REM rebound.

From a theoretical perspective, drug-induced improve-
ment of depression has been suggested to be mediated
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by changes in sleep physiology. Vogel et al. (1990) and
Kupfer et al. (1981) have argued that REM sleep sup-
pression appears to be a correlate of the mechanism of
action of antidepressant medications. Our findings of
increased REM latency are comparable to the results of
earlier findings of the effects of SSRIs. Additionally,
some nonpharmacological approaches, such as total or
partial REM deprivation, have been shown to amelio-
rate depressive symptoms. In contrast, however, some
recent studies with bupropion (Nofzinger et al. 1995)
and nefazondone (Armitage et al. 1994) appear to point
to a different mechanism of action for at least some anti-
depressant medications. Thus, while most antidepres-
sants suppress REM sleep, this effect may not be required
for antidepressant efficacy for at least some medica-
tions. Of note is that with citalopram, the amount of ini-
tial and sustained REM suppression was unrelated to
clinical change (van Bemmel et al. 1993). Thus, even with
REM suppressing medications, efficacy may be unre-
lated to REM sleep effects.

This study has several limitations: (1) a fairly high
rate of dropout during the long-term treatment with
fluoxetine leading to the need for cautious interpreta-
tion of the results for Ts and Tq PSG parameters; (2) the
age range was restricted (18-50 years) and included
65.5% females, thus precluding definitive analyses of
differential age or gender effects; and (3) the current re-
port does not address the differences between respond-
ers and nonresponders since the study design specifi-
cally included only those patients who had achieved
full symptomatic remission at week 10.

In summary, acute phase response to fluoxetine is
associated with lightening of sleep, REM suppression,
and prolonged REM latency, but is not associated with
changes in Stages 3 and 4 sleep. However, these physio-
logical changes are not uniformly mirrored by subjec-
tive sleep reports. Descriptive data suggest that further
physiological adaptations may occur after several months
of continuation phase treatment. Studies of the compar-
ative effects on sleep of the newer antidepressant medi-
cations (e.g., nefazodone, paroxetine, sertraline and ven-
lafaxine) are clearly indicated.
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