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Objective: Ziprasidone, an atypical antipsy-
chotic, is a potent dopamine (D,) and serotonin
(5-HT,,,c) receptor blocker, has agonistic proper-
ties at the 5-HT, , receptor, and blocks serotonin
and norepinephrine reuptake. These transmitter
systems are closely related to the regulation of
sleep.

Method: The aim of this double-blind,
placebo-controlled, randomized, crossover study
was to investigate the effects of ziprasidone on
polysomnographic sleep structure and subjective
sleep quality. Twelve healthy male subjects were
randomly assigned to receive ziprasidone 40 mg
or placebo for 2 sessions each composed of 2
consecutive nights (night 1, standard sleep condi-
tions; night 2, acoustic stress) 5 days apart. Treat-
ment was administered orally 2 hours before bed-
time. The study was conducted from April 2004
to July 2004.

Results: Ziprasidone significantly increased
total sleep time, sleep efficiency, percentage of
sleep stage 2, and slow wave sleep; decreased the
number of awakenings; and significantly affected
tonic and phasic REM sleep parameters, i.e., it
decreased percentage of REM and REM density
and profoundly increased REM latency.

Conclusion: Ziprasidone’s effects on the
sleep profile are somehow opposite to what is
known about sleep of depressed patients (e.g.,
disturbances of sleep continuity, a reduciton of
slow wave sleep, and a disinhibition of REM
sleep). Its REM sleep—suppressing properties
resemble those of most, although not all, antide-
pressants and may be clinically relevant. The drug
also demonstrates sleep-consolidating properties
under both standard routine and acoustic stress
conditions. These effects are most likely related
to ziprasidone’s 5-HT,. antagonism, 5-HT, , ago-
nism, and serotonin and norepinephrine reuptake
inhibition.
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A typical antipsychotics have recently been shown
to have beneficial effects in the treatment of affec-

tive disorders. In addition to their efficacy in the treatment
of schizophrenia, quetiapine, olanzapine, risperidone, and
ziprasidone demonstrated either as an add-on treatment
to antidepressive medication or as antidepressant mono-
therapy potential'™ that might be related to their influence
on sleep.

Both depression and schizophrenia are associated with
sleep disturbance. Among the most frequently occurring
and cumbersome symptoms of depression, sleep distur-
bance is found in up to 90% of the patients. Disturbed
sleep, and especially rapid eye movement (REM) sleep,
is considered by some authors to be a cornerstone of
the pathophysiology of this disorder. Although not spe-
cific, sleep in depression is characterized by difficulties
falling asleep, early morning awakenings, reduced sleep
efficiency and slow wave sleep (SWS), and altered REM
sleep (for review see Benca et al.” and Riemann et al.®).
The alterations observed in REM sleep, i.e., increased
percentage REM and REM density and shortened latency
to the first REM phase, are considered to be more specific
for depression. In patients suffering from schizophrenia,
polysomnographic sleep studies documented a variety of
parameters reflecting sleep disturbance in this patient
group, including sleep fragmentation, reduced total sleep
time (TST), and, more variably, reduced SWS, decreased
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sleep efficiency, increased sleep latency, and shortened
REM sleep-latency.””™"! Although not distinguishing very
precisely between negative symptomatology and depres-
sion, some studies show a relation between disturbed
SWS and negative symptomatology in patients suffering
from schizophrenia'?> with persisting negative symptom-
atology correlating with SWS deficit at follow-up.'? The
degree of SWS deficit appears to have a predictive value
for the further development of the disease. Patients with
more SWS show a more favorable outcome.'* Addition-
ally, shortened REM latency has been found to correlate
with negative symptom severity while it was shown to be
unrelated to the severity of depression."

Despite these findings, only few studies have inves-
tigated the influence of atypical antipsychotics on sleep,
and conflicting results have been presented. Clozapine
appears to increase TST, sleep efficiency, percentage of
stage 2 sleep, and REM density, while REM latency and
percentage REM are unaffected.'®"” The newer antipsy-
chotic olanzapine shares the increase in TST and sleep ef-
ficiency and especially increases SWS in healthy subjects
as well as in schizophrenic patients,”**' whereas REM
sleep parameters were only inconsistently influenced, and
only the higher dose demonstrated REM-suppressing
effects. 2**' The application of quetiapine, on the other
hand, is associated with increases in TST, sleep efficiency,
and percentage of sleep stage 2 and a reduction of percent-
age REM sleep, while SWS and REM latency remain
unchanged.” Furthermore, risperidone shows no signifi-
cant effects on these standard sleep parameters, including
REM latency, with the exception of decreased REM per-
centage.” In contrast to the divergent effects of atypical
antipsychotics on sleep, most antidepressants, but not all,
exhibit a strong influence on REM sleep parameters, with
an increase in REM latency and a decrease of percentage
REM, which has been attributed to their impact on amin-
ergic and cholinergic neurotransmission and has been hy-
pothesized to be an important part of their mechanism of
action.”*?’

In addition to ziprasidone’s usefulness in the treatment
of schizophrenia with comparable improvement of cog-
nitive symptoms in a head-to-head study with olanzapine;
its superior effectiveness on cognitive symptoms after
switching from risperidone, olanzapine, or conventional
antipsychotics®?%; and its antidepressive potential as an
add-on treatment, ziprasidone demonstrates sedating prop-
erties in agitated patients® and healthy subjects.’’ These
effects are likely related to ziprasidone’s influences on
different neurotransmitter systems involved in the reg-
ulation of alertness and sleep, including serotonin and
norepinephrine. Ziprasidone is a serotonin-2A (5-HT,,)/
dopamine (D,) antagonist and exhibits potent interaction
with 5-HT,, 5-HT,p, and 5-HT, 4 receptors in human brain
tissue.*** Ziprasidone demonstrates antagonistic effects at
the 5-HT, receptor and agonistic activity at the 5-HT, , re-
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ceptor.” Furthermore, inhibition of serotonin and norepi-
nephrine reuptake has been described.*~¢ In addition to
the possible importance of ziprasidone’s effects on sleep
parameters relevant to the treatment of depression, its in-
fluence on sleep may similarly be important for the treat-
ment of schizophrenia.

To the best of our knowledge, no information on the
effects of ziprasidone on polysomnographic-registered
sleep exists. On the background of the complex inter-
action of ziprasidone with the aminergic system, SWS-
inducing and REM sleep—suppressing influences were
hypothesized. Therefore, the aim of this study was to de-
termine the effects of ziprasidone in comparison with
placebo on polysomnographic and subjective sleep par-
ameters in normal sleep and experimentally induced in-
somnia in a group of healthy male volunteers.

MATERIALS AND METHOD

Subjects

A total of 16 healthy male subjects (mean = SD age =
26 = 4.4 years; range, 20-35 years) were included in the
study after clinical history, physical examination, electro-
cardiogram (ECG), and routine laboratory examinations
(creatinine, urea, liver enzymes, blood cell count, and
electrolytes) were recorded. Inclusion criteria were as fol-
lows: age 18 to 65 years and absence of clinically relevant
health problems. Exclusion criteria were one of the fol-
lowing: sleep disorders, affective disorder, schizophrenia,
delusions, epilepsy, obsessive-compulsive disorder, social
phobia, alcohol or drug dependence, sensitivity to zi-
prasidone, cardiovascular disease (myocardial infarction,
heart insufficiency, ECG-conduction abnormalities), con-
comitant psychotropic medication including melatonin,
serious medical problems requiring treatment, cerebro-
vascular disease, liver disease, and any condition predis-
posing to arterial hypotension, e.g., dehydration, hypovol-
emia, or antihypertensive medication. Volunteers with a
sleep apnea-hypopnea syndrome (apnea-hypopnea index
of more than 10) or more than 10 periodic leg movements
per hour during polysomnographic screening were also
excluded. None of the subjects had undertaken long dis-
tance travel within the last 4 weeks before the study.
Complete data sets were available for 12 subjects. Due to
technical problems during 1 night for 2 subjects, with-
drawal of consent for the acoustic stress condition (night
2) of another subject, and side effects under the treatment
with ziprasidone in a further subject, the analysis was re-
stricted to 12 subjects.

Study Design

This was a randomized, double-blind, crossover,
placebo-controlled, single-center study, conducted from
April 2004 to July 2004. Screening of volunteers usually
preceded randomization by a maximum of 14 days. Each
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subject was studied for a total of 5 nights. One polysom-
nographic screening night preceded the investigational
nights by at least 3 days in order to exclude subjects with
periodic leg movements or a sleep apnea syndrome. After
inclusion, subjects were examined for 2 sessions, each 2
consecutive nights, separated by a 5-day washout period.
During night 1, undisturbed sleep was monitored, whereas
during night 2, acoustic stimuli were applied in order to
evaluate sleep under external stress. This additional inter-
vention was carried out to ensure that sleep-improving
properties of the drug in healthy good sleepers could be
detected, as has been done in a similar manner in earlier
studies.”?*” Ziprasidone 40 mg was chosen as an interme-
diate test dose because of the known sedating effects in
healthy subjects after the oral application of 5 to 20 mg*'
and the calming effects of 10 to 20 mg in agitated patients
after intramuscular injection™ on the one hand and higher
doses of 80 to 160 mg for the treatment of psychosis® on
the other hand. The same medication (ziprasidone 40 mg
or placebo) was taken during night 1 and night 2 of each
session in a randomized order between sessions 1 and 2.
Medication was administered orally 2 hours before bed-
time in order to reach sufficient blood concentrations to
possibly influence sleep onset, since maximal ziprasidone
levels are reached 4 to 5 hours after oral administration.!
Additionally, the volunteers filled out standard morning
sleep questionnaires™“® for all recorded nights.

The study followed the Declaration of Helsinki and
was approved by the local ethics committee. Subjects
gave written informed consent and were paid an hono-
rarium of 300 Euro.

Application of Acoustic Stress

Application of acoustic stress during night 2 was un-
dertaken the same way as described previously.” In
brief, the study participants were exposed to acoustic
stress during night 2 of each session. For generation of
tones, the composition music software CUBASIS VST 3.0
(Steinberg, Hamburg, Germany) was used. During the
8-hour bedtime period, groups of staccato piano tones
were played through speakers into each volunteer’s room.
The tones lasted for 4 to 5 seconds, occurred irregularly
(every 30-90 seconds), and ranged in pitch (880-3520
Hz) and tone intensity (55-85 dB(A)). The same tone pro-
gram was used each time the subject was exposed to
acoustic stress. Tone application started at bedtime and
ended on final awakening.

Polysomnography

Polysomnographic recordings for 2 consecutive nights
followed standard criteria*** and included 2 electroen-
cephalograms (EEGs), 2 electro-oculograms (EOGs), sub-
mental electromyogram (EMG), ECG, and EMGs of the
anterior tibial muscles. During the screening night, air
flow and thoracic and abdominal excursion, as well as
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peripheral oxygen saturation, were recorded in order to
exclude relevant sleep-related breathing disorders or peri-
odic movement in sleep. The subjects usually went to bed
at 23:00. Time in bed was restricted to 8 hours. Sleep was
recorded using the software Leonardo (MKE GmbH,
Willroth, Germany).

Sleep was scored according to the standardized criteria
of Rechtschaffen and Kales* in 30-second epochs by ex-
perienced sleep technologists and was reviewed by S.C.
Standard calculated parameters included time in bed
(TIB), sleep period time (SPT, time from sleep onset to
final awakening), TST (SPT minus time spent awake),
sleep efficiency (TST/TIB), percentage of sleep stage
(stage 1, stage 2, SWS, REM sleep) of SPT, sleep latency
to stage 1 and stage 2, REM latency (time from the first
epoch of stage 2 until the first epoch of REM sleep), REM
density (ratio of 3-second mini-epochs including at least
1 REM per REM epoch), and number of awakenings (at
least 1 epoch of wake during SPT). In addition to these
parameters, number of periodic leg movements in sleep
(PLMS) was determined during all nights according to the
Coleman criteria.*

Subjects’ Self-Ratings

Subjective sleep quality and daytime well-being were
assessed daily, using standard visual analog scales and
sleep questionnaires (Schlaffragebogen A [sleep question-
naire A; SF-A*], Visuelle Analogskala morgens [visual
analog scale, morning; VIS-M*]). Both questionnaires
were filled out shortly after awakening in the morning.
The VIS-M consists of 2 visual analog scales (How do
you feel in the morning after getting up? [0, wonderfully
fresh and energetic; 100, awfully tired and listless/
apathetic] and How did you sleep last night? [0, very bad
night; 100, very good night]). Further questions included
information about subjective sleep latency, number of
awakenings, and subjective sleep time. The SF-A assesses
general sleep quality, the degree of feeling refreshed in
the morning, feelings of being well balanced in the
evening, feelings of exhaustion in the evening, and psy-
chosomatic complaints during the sleep phase.

Statistical Analysis

Results were expressed as mean + SD. Analyses of
variance (ANOVA) with repeated measures were used to
evaluate the main effects of treatment (placebo, ziprasi-
done 40 mg) and intervention condition (undisturbed or
acoustic stress) as well as interaction of treatment and
intervention condition for each parameter. If the F values
were significant, post hoc t tests were performed in order
to determine statistical differences between the undis-
turbed and acoustic stress conditions in the placebo group
and to compare the effects of 40 mg ziprasidone with
placebo for both conditions separately, where applicable.
Level of significance was set at p <.05. Significant

991



Cohrs et al.

Table 1. Polysomnographic Sleep Parameters Measured in Healthy Male Subjects (N = 12) Taking Crossover Ziprasidone

Treatment Under Stress and Undisturbed Conditions (ANOVA)

Night 1 (standard sleep

laboratory conditions)® Night 2 (acoustic stress)” Intervention Treatment
Ziprasidone, Ziprasidone, Effect” Effect® Interaction?

Sleep Parameter Placebo 40 mg Placebo 40 mg F¢ P F¢ P F¢ P

SPT, min 460.7 (23.5) 4519 (23.7) 446.9 (44.3) 4558 (15.7) 1.04 <.33 0.00 <.99 1.19 <.30
TST, min 433.7(32.6) 439.2(23.5) 392.6(47.1) 429.4(23.6) 1197 <.01 745 <.02 295  <.11
Sleep efficiency 90.4 (6.8) 91.5(4.9) 81.8 (9.8) 89.4 (4.9) 12.18 <.01 731 <.05 3.03 <.11

(TST/TIB), %

Sleep stage 1 latency, min 14.0 (18.5) 21.8(19.9) 17.9 (22.8) 19.5 (14.8) 0.05 <.83 0.77 <.40 0.79 <.39
Sleep stage 2 latency, min 16.9 (19.2) 26.9 (21.3) 33.0 (44.4) 24.5 (15.6) 1.64 <.23 0.01 <91 1.59 <.23
SWS latency, min 14.0 (4.8) 13.9 (4.8) 51.3(79.3) 23.3(18.9) 4.1 <.07 1.6 <.23 1.33  <.27
REM latency, min 75.2(26.0) 152.1(75.3) 76.0 (59.2) 159.7 (55.4) 0.04 <.85 56.27 <.00005 0.05 <.83
Time awake, % SPT 6.0 (3.2) 2.8 (1.5) 12.2 (5.6) 5.8(3.4) 1454 <.005 3291 <.0005 3.7 <.08
Sleep stage 1, % SPT 7.0 (3.8) 4.6 (3.0) 7.9 (2.2) 5.6 (2.3) 2.3 <.16 16.14  <.005 0.00 <.95
Sleep stage 2, % SPT 50.9 (4.4) 59.1(6.1) 52.4(7.5) 58.0 (5.6) 0.02 <.89 16.13  <.005 1.62 <.23
SWS, % SPT 16.0 (4.5) 22.3(9.1) 8.4 (4.8) 17.3 (7.0) 18.0 <.002 1945 <.002 270 <.13
REM, % SPT 20.2 (4.0) 11.2(5.3) 19.1 (5.7) 13.3 (4.0) 0.17 <.69 45.1 <.00005 1.74 < .21
Total REM density’ 1.4 (0.7) 0.6 (0.4) 1.7 (0.7) 0.9 (0.5) 445 <.06 17.69  <.002 0.06 <.81
REM density, period 1 1.1 (0.7) 0.9 (0.5) 1.4 (0.8) 0.8 (0.5) 043 <.52 5.06 <.05 1.21  <.30
No. of awakenings 29.1(10.2) 16.4 (5.6) 41.0 (7.6) 24.9 (6.5) 2243  <.001 46.23 <.00005 0.06 <.81
No. of PLMS 4.5(10.6) 40.1 (69.2) 29.5 (46.3) 15.6 (26.4) 0.00 <.98 049 <.50 8.13 <.02

“Data are presented as mean (SD) for sleep parameters.
°Night 1 vs. night 2; ANOVA.

“Placebo vs. 40 mg ziprasidone; ANOVA.

Interaction of treatment and intervention; ANOVA.
‘df = 1,11.

fREM density = ratio of 3-second mini-epochs including at least 1 REM per REM epoch.
Abbreviations: ANOVA = analysis of variance, PLMS = periodic leg movements in sleep, REM = rapid eye movement, SPT = sleep period time,

SWS = slow wave sleep, TIB = time in bed, TST = total sleep time.

Figure 1. Effect of Ziprasidone (40 mg) on REM Sleep Parameters®

A. REM Latency B. REM Percentage

C. Total REM Density

p<.00005 p <.00005 p<.002
200+ 254 25+
1804
1604 20 E% 2]
140+ N =3
120 » 157 2w 1454
< 100 & 83
= o
80 S 10 o 4
w L 0
60 o é E
40 54 o 0.54
20+
0- 0- - - - - )
Placebo  Ziprasidone Placebo  Ziprasidone Placebo  Ziprasidone

“Data are mean = SD of the averages of 2 nights for all subjects.
PRatio of 3-second mini-epochs including at least 1 REM per REM epoch.
Abbreviation: SPT = sleep period time.

outcomes of ANOVA were a-adjusted and expressed
as overall significance (p) using the Cross and Chaffin
method.*

RESULTS

Of the 16 healthy male volunteers included in the trial,
1 subject was withdrawn from the study because of brief
fainting with total recuperation most likely due to ortho-
static hypotension after the first intake of 40 mg ziprasi-
done. One subject withdrew consent for participation dur-
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ing the first acoustic stress night when placebo had been
administered. Additionally, technical problems during 1
night resulted in incomplete data for 2 subjects. There-
fore, the analysis is based on 12 volunteers.

Polysomnographic Sleep Variables

Table 1 shows polysomnographic sleep variables for
all conditions, as well as F and p values according to
ANOVA. Ziprasidone significantly increased TST, sleep
efficiency, REM latency, percentage sleep stage 2, and
percentage SWS and significantly reduced percentage of

J Clin Psychiatry 66:8, August 2005



Ziprasidone and Sleep

Table 2. Self-Ratings of Subjects (N = 12) Taking Crossover Treatment Under Stress and Undisturbed Conditions (ANOVA)

Night 1 (standard sleep

laboratory conditions)* Night 2 (acoustic stress)* Intervention Treatment
Ziprasidone, Ziprasidone, Effect” Effect® Interaction?
Sleep Variable Placebo 40 mg Placebo 40 mg F¢ p F¢ p F¢ p
SF-A item
Sleep quality 3.7 (0.5) 3.9(0.5) 2.0 (0.6) 2.5(0.4) 64.2 <.00001 10.78 <.01 1.53 <.24
Feeling refreshed 3.4(0.6) 3.0 (0.6) 2.8 (0.4) 3.0 (0.6) 6.11 <.05 2.63 <.13 1507 <.005
in the morning
Feeling well balanced 3.6 (0.7) 3.8(0.5) 3.6 (0.3) 3.4(0.5) 343 <.09 0.0 <.95 1.65 <.23
in the evening
Feeling exhausted 2.8 (0.6) 2.7(0.3) 2.3 (0.4) 2.3(0.4) 12.5 <.005 047 <51 0.16 <.70
in the evening
Psychosomatic complaints 1.5(0.4) 1.2(0.2) 2.0 (0.5) 1.7 (0.3) 27.45 <.0005 6.75 <.05 023 <.64
during the sleep phase
VIS-M item
Feeling tired 45.3 (18.7) 54.8 (15.1) 56.8 (14.9) 499 (18.7) 046 < .51 0.13 <.73 5.7 <.05
in the morning
Sleep quality 59.7 (16.0) 58.3(17.0) 26.9 (13.1) 39.3(15.6) 49.84 <.0001 .12 <.31 272 <.13
Subjective sleep 25.8(22.4) 24.6 (20.4) 40.0 (23.8)  31.3(14.5) 7.1 <.05 142 <.26 0.74 < .41
latency, min
No. of awakenings 1.4 (L.1) 0.9 (0.9) 5.0 3.2) 4.024) 1830 <.005 691 <.05 0.65 <.44
Subjective sleep time, min  449.2 (27.9)  455.0(27.5)  375.4 (76.0) 423.6(34.4) 12.88 <.005 6.18 <.05 4.02 <.07

“Data are presented as mean (SD) for subjects’ self-ratings.
"Night 1 vs. night 2; ANOVA.

“Placebo vs. 40 mg ziprasidone; ANOVA.

nteraction of treatment and intervention; ANOVA.

fdf =1,11.

Abbreviations: ANOVA = analysis of variance; SF-A = sleep questionnaire A;

VIS-M = visual analog scale, morning.

time awake, percentage sleep stage 1, number of awaken-
ings, percentage REM, and REM density during the first
REM period, as well as total REM density (Figure 1). The
overall significance (11 out of 16 tests) was p <.0001.
Furthermore, ANOVA showed significant effects for
intervention (undisturbed vs. acoustic stress) on TST,
sleep efficiency, percentage of time awake, percentage
SWS, and number of awakenings and a trend for total
REM density. The overall significance (5 out of 16 tests)
was p <.001. Although there was no statistically signif-
icant increase in PLMS, 4 subjects who did not show
PLMS under placebo demonstrated more than 5 PLMS
per hour of TST under the treatment with ziprasidone.

Additionally, ANOVA revealed significant interactions
of treatment (placebo or ziprasidone 40 mg) with inter-
vention condition (undisturbed vs. acoustic stress) only
for PLMS. The overall significance (1 out of 16 tests) was
p>.5.

Subjects’ Self-Ratings

The results for the subjective sleep variables, including
F and p values according to ANOVA, are presented in
Table 2. Ziprasidone significantly reduced number of
awakenings and increased subjective sleep time (VIS-M)
and significantly increased sleep quality and reduced psy-
chosomatic complaints (SF-A). The overall significance
(4 out of 10 tests) was p < .005. Furthermore, significant
main effects for intervention condition (undisturbed vs.
acoustic stress) were detected for the VIS-M items sleep
quality, subjective sleep latency, number of awakenings,
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and subjective sleep time and the SF-A items sleep
quality, feeling refreshed in the morning, exhaustion in
the evening, and psychosomatic complaints. The overall
significance (8 out of 10 tests) was p <.00005. Signifi-
cant interactions of treatment (placebo or ziprasidone
40 mg) and intervention condition (undisturbed vs. acous-
tic stress) were found for the items feeling tired in the
morning and feeling refreshed in the morning. The overall
significance demonstrated only a trend (2 out of 10 tests);
p <.09. Subsequent t tests revealed that subjects felt less
refreshed under ziprasidone treatment after night 1. No
significant drug influence was observed during night 2.
A trend toward more tiredness after night 1 ziprasidone
treatment, with no significant effect after night 2, was
found.

DISCUSSION

In healthy subjects, an intermediate dose of zipra-
sidone resulted in a marked suppression of REM sleep
characterized by a reduction in percentage REM, an
approximately doubled REM latency, and a decrease
in REM density. Furthermore, ziprasidone demonstrated
sleep-consolidating properties including an increase of
sleep depth and continuity, which was expressed by an in-
crease in TST, sleep efficiency, and percentage SWS and a
reduction in number of awakenings. These features were
found independent of condition under which the influence
of ziprasidone on sleep was studied and were paralleled
by subjective assessments.
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Earlier studies investigating the effects of atypical
antipsychotics on polysomnographically registered sleep
found only partially similar results. Clozapine, olanza-
pine, and quetiapine demonstrated an increase in TST
and sleep efficiency in a variety of studies including
healthy subjects and patients suffering from schizo-
phrenia.'®?%4¢ The influence of these drugs on SWS is
more diverse. Clozapine either reduced SWS or left it
unchanged'*"**%; likewise quetiapine left SWS uninflu-
enced,” whereas olanzapine was repeatedly demonstrated
to increase SWS.**'*¢ Risperidone, however, has only
little effect on these sleep parameters,”*’ and only healthy
subjects and depressed patients, but not patients suffering
from schizophrenia, demonstrated a reduction of percent-
age REM while REM latency was unaffected. Percentage
REM and REM latency are also unaffected by cloza-
pine,'®" although one study on a small group of schizo-
phrenic patients reported an increase of REM percent-
age.* However, REM density was consistently reported to
be increased by clozapine.'®'® Olanzapine leaves percent-
age REM and REM latency mainly unchanged, although a
higher dose in healthy subjects appears to reduce percent-
age REM and increase REM latency.?® The only study re-
porting REM density demonstrated an increase of this
measure in a group of schizophrenic patients treated with
olanzapine.”’ Quetiapine dose-dependently reduces per-
centage REM in healthy subjects but leaves REM latency
and REM density unaffected.”

The sleep profile exhibited under ziprasidone, there-
fore, appears to demonstrate some unique features in that
it profoundly suppresses REM sleep, including tonic and
phasic aspects of this sleep stage, and demonstrates a
marked increase in SWS in addition to rather general
sleep-consolidating aspects known from the other atypical
antipsychotics. These effects on the sleep profile are
somehow opposite to what is known about sleep of de-
pressed patients. Sleep in depression is characterized by
disturbances of sleep continuity, a reduction of SWS, and
a disinhibition of REM sleep, with a shortening of REM
latency, increased REM density, and percentage REM.>¢
The effects on REM sleep observed under the treatment
with ziprasidone are best known from antidepressants.
Most of the effective antidepressant agents suppress
REM sleep, including an increase in REM latency and a
decrease in REM percentage®*2"*%; however, there are
antidepressants that do not affect REM sleep or even in-
crease it, like bupropion, trimipramine, nefazodone, or
mirtazapine.** Additionally, an increase of SWS is not
uniformly seen with antidepressants.

Although the issue of REM suppression and antide-
pressant response awaits further critical assessment,?
suppression of REM sleep may be related to the antide-
pressive action of some antidepressants and possibly other
drugs, since nonpharmacologic REM sleep deprivation as
a sole treatment intervention has been demonstrated to
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generate a marked amelioration of depressive symptom-
atology.” According to the reciprocal interaction model
of non-REM/REM sleep regulation, REM sleep is sup-
pressed by an increased aminergic activity.”'”* The in-
crease in REM latency and reduction of percentage REM
observed under the treatment with ziprasidone are possi-
bly related to its ability to inhibit reuptake of serotonin
and norepinephrine.*>* Ziprasidone’s affinity for the re-
uptake sites is similar to that of the antidepressants imip-
ramine and amitriptyline, 2 drugs that produce compa-
rable changes in REM latency and percentage REM in
depressed patients and healthy subjects.”>® These find-
ings might be relevant for ziprasidone’s clinical useful-
ness in the treatment of depressive symptomatology.

The decrease of REM density found under ziprasidone
differs from the increase found under both the atypical
antipsychotics clozapine and olanzapine'®'®?! and some
antidepressants.”’™ However, not all studies have found
an increase in REM density under antidepressants,” and
there are also reports of a short lived decrease in REM
density after a small dose of imipramine given to healthy
subjects.®! The physiology of REM saccades, the equiva-
lent of REM density, is not very well understood, but
5-HT,, agonism has been related to a decrease in REM
density.®*% Therefore, one of the mechanisms by which
ziprasidone may have influenced REM density could be
its agonistic activity on this receptor.*> Furthermore, REM
density appears to be negatively correlated with SWS
pressure.** The increase of SWS under ziprasidone may
have contributed to the decrease in REM density.

The increase in SWS observed under ziprasidone
is comparable to that found under treatment with olan-
zapine.”® According to the results of Sharpley et al.”
and earlier studies, this increase in SWS is most likely
mediated through the antagonism of 5-HT,. recep-
tors”*%% and may be relevant for the treatment of schizo-
phrenia, since patients with more SWS show a more fa-
vorable outcome.'*

The effects of ziprasidone on sleep presented in this
study demonstrate the influence of the drug on sleep of
healthy subjects under a routine condition and within a
model of insomnia. Further studies should evaluate the
influence of different doses and duration of the drug on
sleep in patients. Patient groups to be studied should in-
clude those suffering from schizophrenia and major de-
pression. One goal of these investigations should be to
evaluate the clinical significance of a possible increase in
sleep depth and the suppression of REM sleep.

In conclusion, a small dose of the atypical antipsy-
chotic ziprasidone profoundly influences sleep in healthy
subjects under routine and acoustic stress conditions. It
markedly suppresses REM sleep and consolidates sleep
depth and continuity. These effects on the sleep profile are
somehow opposite to what is known about sleep of de-
pressed patients. The REM sleep—suppressing properties
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of ziprasidone resemble the influence of the majority of,
although not all, antidepressants on sleep and may be
clinically relevant. These effects are most likely related to
the drug’s 5-HT, antagonism, 5-HT, , agonism, and reup-
take blockade of serotonin and norepinephrine. Further
studies should investigate the relevance of ziprasidone’s
influence on sleep in patients suffering from schizophre-
nia and depression.

Drug names: bupropion (Wellbutrin and others), clozapine (Clozaril,
FazaClo, and others), imipramine (Tofranil and others), mirtazapine
(Remeron and others), nefazodone (Serzone and others), olanzapine
(Zyprexa), quetiapine (Seroquel), risperidone (Risperdal), trimipra-

mine (Surmontil), ziprasidone (Geodon).
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