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REVIEW

Antidepressants and their effect on sleep

Andrew G. Mayers'** and David S. Baldwin’
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Given the relationship between sleep and depression, there is inevitably going to be an effect of antidepressants on sleep.
Current evidence suggests that this effect depends on the class of antidepressant used and the dosage. The extent of variation
between the effects of antidepressants and sleep may relate to their mechanism of action. This systematic review examines
randomised-controlled trials (RCTs) that have reported the effect that antidepressants appear to have on sleep. RCTs are not
restricted to depressed populations, since several studies provide useful information about the effects on sleep in other
groups. Nevertheless, the distinction is made between those studies because the participant’s health may influence the base-
line sleep profiles and the effect of the antidepressant. Insomnia is often seen with monoamine oxidase inhibitors (MAOIs),
with all tricyclic antidepressants (TCAs) except amitriptyline, and all selective serotonin reuptake inhibitors (SSRIs) with
venlafaxine and moclobemide as well. Sedation has been reported with all TCAs except desipramine, with mirtazapine and
nefazodone, the TCA-related maprotiline, trazodone and mianserin, and with all MAOIs. REM sleep suppression has been
observed with all TCAs except trimipramine, but especially clomipramine, with all MAOIs and SSRIs and with venlafaxine,
trazodone and bupropion. However, the effect on sleep varies between compounds within antidepressant classes, differences
relating to the amount of sedative or alerting (insomnia) effects, changes to baseline sleep parameters, differences relating to

REM sleep, and the degree of sleep-related side effects. Copyright © 2005 John Wiley & Sons, Ltd.
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REVIEW METHOD

The review exercise was undertaken by exploring
the Ovid® database, searching the CINAHL
(1982—May 2005), EMBASE (1980—May 2005),
Ovid MEDLINE®™ (1966—May 2005) and Psy-
chINFO (1985—May 2005). A search strategy was
undertaken to improve the likelihood of including
high quality randomised controlled-trials (RCTs) that
used a double-blind randomisation of participants into
groups of at least 5 (per group), included in a baseline
and follow-up examination of the effect of antidepres-
sants on sleep, where those antidepressants were com-
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pared to placebo (placebo-controlled trials) and/or to
other antidepressants (comparator trials). Papers were
selected regardless of the nature of the participants.
Antidepressant effects on sleep may vary with the
current health of the participant and it is important
to make that distinction. Careful consideration is also
paid to the dose of antidepressant as that may explain
some of the variation between studies in similar parti-
cipant groups. A more general overview is also pre-
sented on the mechanisms of action of differing
classes of antidepressants that might explain the effect
they appear to have on sleep.

Following exclusions, 120 papers were examined,
53 of which included placebo. Those papers are
presented in Table 1. The following section
presents general findings for each antidepressant
class, and indicates the mechanisms that might
be responsible for those effects. Within each class
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some of the more specific findings for each antide-
pressant are examined. Rather than duplicate the
data from Table 1, only the most important aspects
are described.

PHARMACOLOGICAL OVERVIEW

Several mechanisms are important in the effects of
antidepressant treatment on sleep. Increases in the
availability of serotonin and noradrenaline appear to
be associated with the suppression of REM sleep,
but also with increases in sleep fragmentation (Wilson
and Argyropoulos, 2005). The pathways responsible
for these actions vary across antidepressant class
and with individual medications, but generally refer
to action on pre-synaptic autoreceptors, post-synaptic

Subjective sleep ratings (adapted from LSEQ) improved but no between-

Outcome, following treatment
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(Wilson and Argyropoulos, 2005). Antagonism of
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a-adrenoceptors is more likely to explain the seda-
tive properties of TCAs, as might the 5-HT, blockade
action, as seen with amitriptyline and trimipramine
(which are particularly associated with sedation).

AMITRIPTYLINE
Depressed patients

Staner et al. (1995) found that amitriptyline (150 mg)
produced more alerting effects than paroxetine
(30mg). Kerkhofs et al. (1990) demonstrated that
amitriptyline (150 mg) and fluoxetine (60 mg) both
produced significant REM sleep suppression. Casper
et al. (1994) showed that patients presented better
improvement in early morning awakening, and noc-
turnal wakings with amitriptyline (100-150 mg) than
imipramine (100-150 mg); although this was only for
those who had responded to treatment. Kerr ef al.
(1993) observed that amitriptyline (75 mg) was asso-
ciated with significantly shorter sleep latency, but
more drowsiness, than fluoxetine (20 mg) on the Line
Analogue Rating Scale for Sedation (LARS) scale.
However, De Ronchi er al. (1998) found no
between-group differences for patients in respect of
Leeds Sleep Evaluation (LSEQ) scores between ami-
triptyline (50-100 mg) and fluoxetine (20 mg).

Other patient groups

Mertz et al. (1998) found that amitriptyline (50 mg)
reduced REM sleep in gastroenterology patients,
compared to placebo, while Carette et al. (1995)
demonstrated fewer changes in REM sleep parameters
in fibromyalgia patients (dosage, 25 mg). This is just
one example where the dose may be a significant fac-
tor in contrasting findings. For fibromyalgia patients
(Hannonen et al., 1998), subjective sleep ratings were
significantly improved from baseline with amitripty-
line (25-37.5mg), compared to placebo. In a study
of cancer patients with neuropathic pain (Mercadante
et al., 2002), it was found that drowsiness was signif-
icantly higher with amitriptyline (25-30 mg) than pla-
cebo. In another study (Mertz et al, 1998),
amitriptyline (50 mg) was associated with poorer
sleep efficiency for patients with functional dyspepsia,
compared to placebo. In a study of patients with
chronic pain (Versiani et al., 1999), amitriptyline
(50-250mg) was associated with better improve-
ments in Hamilton Rating Scale for Depression
(HAMD; Hamilton, 1960) sleep scores than fluoxetine
(20 mg), although daytime drowsiness was a signifi-
cantly greater problem with amitriptyline.

Copyright © 2005 John Wiley & Sons, Ltd.
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Healthy participants

Rosenzweig et al. (1998) found that subject-rated
alertness and behaviour upon waking was signifi-
cantly poorer with amitriptyline (50 mg) than placebo.
This hangover effect was confirmed by Hindmarch
et al. (2000) who demonstrated that sedation and trou-
ble waking were significantly worse for amitriptyline
(50 mg), compared to placebo.

CLOMIPRAMINE

Clomipramine may be associated with sedation, but
has also been linked with insomnia (Anderson et al.,
2000). While most TCAs suppress REM sleep to some
extent, clomipramine appears to be the most marked
in this respect (Winokur et al., 2001). Clomipramine
is associated with the most potent serotonin reuptake
inhibition of all the TCAs (Wilson and Argyropoulos,
2005).

Depressed patients

Lepine et al. (2000) demonstrated no differences
between clomipramine (50-150mg) and sertraline
(50-200mg) on LSEQ and HAMD sleep scores,
but both showed significant improvements on all
four LSEQ factors (Ease of getting to sleep (EGS);
perceived quality of sleep (QOS); ease of awakening

(EOA) and behaviour following wakefulness
(BFW)).
Healthy participants

Lacey et al. (1977) found that clomipramine
(25-75 mg) was associated with slightly longer noc-
turnal awakenings than placebo, and almost comple-
tely suppressed REM sleep.

IMIPRAMINE
Depressed patients

Sonntag et al. (1996) demonstrated that imipramine
(50-200mg) significantly increased sleep latency,
while trimipramine (50-250 mg) was associated with
a non-significant decrease; imipramine was associated
with significantly less total sleep time, and signifi-
cantly more nocturnal awakenings than trimipramine.
Volkers et al. (2002) found that imipramine (mean
dose 220 mg) was associated with significantly more
nocturnal restlessness than fluvoxamine (mean
201 mg).

Hum Psychopharmacol Clin Exp 2005; 20: 533-559.
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Other patient groups

In a study of patients reporting panic disorder or
agoraphobia, (Cassano et al., 1994) imipramine
(25-250mg) was associated with more sedation
than placebo (although less than alprazolam;
1-10mg), but significantly more insomnia than pla-
cebo and alprazolam. Sonntag et al. (1996) found that
imipramine (50-200mg) was associated with
decreased total sleep time, while this was increased
with trimipramine (50-250mg); sleep efficiency
was significantly more improved with trimipramine
but wakings were significantly more frequent with
imipramine.

TRIMIPRAMINE
Depressed patients

Wolf et al. (2001) showed that trimipramine (150 mg)
was associated with improved sleep efficiency, longer
sleep and fewer nocturnal arousals, compared to
fluoxetine (20 mg).

Other patient groups

Riemann et al. (2002) found that trimipramine (mean
100 mg) was not associated with REM sleep suppres-
sion, when compared to placebo with insomnia
patients. Unlike other TCAs, which are associated
with REM suppression, trimipramine is not associated
with the reuptake inhibition of serotonin (Wilson and
Argyropoulos, 2005).

DESIPRAMINE
Depressed patients

Kupfer ef al. (1991) demonstrated that desipramine
(100-200 mg) significantly reduced sleep latency after
just one day of treatment, but this significantly
increased again within a week and throughout the
remainder of the 4-week study. Desipramine was asso-
ciated with shorter sleep latency than fluvoxamine
(200 mg), and presented better sleep efficiency. In
another study (Shipley et al., 1985), desipramine
(50-250mg) was associated with more nocturnal
waking, shorter sleep and less efficient sleep than ami-
triptyline (50-150 mg). Unlike other TCAs, desipra-
mine is not associated with «;-adrenoceptor
blockade (Wilson and Argyropoulos, 2005), which
may explain why it does not promote sleep as well.
It is also associated with less serotonin reuptake inhi-
bition than most other TCAs.

Copyright © 2005 John Wiley & Sons, Ltd.
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NORTRIPTYLINE
Depressed patients

Reynolds, III et al. (1997) demonstrated that nortrip-
tyline (80-120 mg) was associated with longer sleep
latency than placebo. Nortriptyline also showed initial
suppression of REM sleep, with prolonged REM
latency and reduced REM proportion, but this
rebounded in later REM periods to show greater
REM production and density than placebo.

Other patient groups

In a study of patients with skin complaints (Hammack
et al., 2002), total sleep time improved for those trea-
ted with nortriptyline (100 mg), compared to placebo.
However, daytime sleepiness was reported as a pro-
blem in the treatment group.

DOTHIEPIN
Depressed patients

Stephenson et al. (2000) demonstrated that drowsi-
ness side effects were more common with dothiepin
(150 mg) than fluoxetine (20 mg). Ferguson et al.
(1994) found that HAMD sleep scores were signifi-
cantly reduced with dothiepin (150 mg), compared
to placebo (but were similar to doxepin). Blacker
et al. (1988) showed that dothiepin (75-150 mg)
was associated with more immediate improvement
of EGS and QOS perceptions on LSEQ than
amitriptyline (75-100mg) or mianserin (30-75 mg),
although it was similar to trazodone (150 mg). LSEQ
perceptions of BFW were poor during the first week
for all the comparator compounds, but improved
thereafter.

Healthy participants

Ramaekers et al. (1995) found that dothiepin (75—
150 mg) was associated with increased trouble in
waking, but longer total sleep time than placebo.
Wilson er al. (2002) demonstrated that dothiepin
(75-150mg) was associated with poorer sleep effi-
ciency than placebo (and fluoxetine 20mg), but
shorter nocturnal awakenings than fluoxetine; REM
sleep latency was significantly shorter for dothiepin
than for fluoxetine. Wilson et al. (2000) showed
that dothiepin (100 mg) was associated with longer
TST, shorter nocturnal disturbances, better sleep
efficiency and better sleep quality than fluvoxamine
(100 mg).

Hum Psychopharmacol Clin Exp 2005; 20: 533-559.
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DOXEPIN
Depressed patients

Ferguson et al (1994) found that clinician-
rated HAMD sleep scores were significantly re-
duced with doxepin (150 mg), compared to placebo,
while Feighner et al. (1986) showed that doxepin
(100-225mg) was related to significantly better
improvements on these scores than bupropion
(300450 mg).

Other patient groups

Sleep efficiency and sleep quality were significantly
improved for insomnia patients taking doxepin (25—
50 mg), compared to placebo (Hajak er al., 2001),
while doxepin (25 mg) was associated with signifi-
cantly increased total sleep time, and significantly
reduced sleep latency and length of nocturnal awaken-
ings, compared to placebo with insomnia patients and
healthy volunteers (Hajak ef al., 1996).

MONOAMINE OXIDASE INHIBITORS (MAOIs)

MAQOIs have been associated with increased sleep
latency, poorer sleep efficiency and increased noctur-
nal disturbances (Winokur et al., 2001). Insomnia has
been reported for phenelzine, tranylcypromine and
isocarboxazid (Anderson et al., 2000), while signifi-
cant REM sleep suppression has been noted with phe-
nelzine and tranylcypromine (Winokur et al., 2001).
However, REM rebound is noted subsequent to the
withdrawal of medication (Kupfer and Bowers
Jr, 1972). There is a paucity of RCTs with MAOIs.
Moclobemide, a reversible MAOI, has been asso-
ciated with less REM sleep suppression than tradi-
tional MAOIs (Winokur et al., 2001). Sedation is
not reported with moclobemide, although minor
insomnia has been noted (Anderson et al., 2000).
MAOIs increase the availability of monoamines, but
REM suppression often appears later than with TCAs
and SSRIs (Wyatt et al., 1971).

TRANYLCYPROMINE
Depressed patients

Nolen et al. (1993) found that tranylcypromine (20—
100 mg) significantly increased REM sleep latency
and almost completely suppressed REM sleep overall.
Sleep latency was also increased, but patients reported
deeper and more refreshed sleep than with brofaro-
mine (50-250 mg).

Copyright © 2005 John Wiley & Sons, Ltd.
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ISOCARBOXAZID
Depressed patients

Giller et al. (1982) demonstrated that isocarboxazid
(20 mg) did not differ from placebo on HAMD sleep
scores, but treatment responders tended to sleep better
overall with isocarboxazid than with placebo.

MOCLOBEMIDE
Depressed patients

Sogaard et al. (1999) found that moclobemide (300-
450 mg) was associated with poorer BFW scores on
LSEQ than sertraline, while sleep was observed to
better with moclobemide (450 mg) than with toloxa-
tone (100 mg; (Lemoine and Mirabaud, 1992)).

Other patient groups

Hannonen et al. (1998) demonstrated that moclobe-
mide (450-600mg) was associated with poorer
subjective sleep satisfaction and fatigue (not assessed
with a specific scale) than amitriptyline (25-37.5 mg)
in patients with fibromyalgia.

Healthy participants

Two trials involving moclobemide with healthy parti-
cipants ((Dingemanse et al., 1992), 450 mg; (Ramae-
kers et al., 1992), 200 mg) suggest that moclobemide
has no effect on sleep, when compared to placebo or
other antidepressants.

SELECTIVE SEROTONIN REUPTAKE
INHIBITORS (SSRIs)

SSRIs are frequently associated with insomnia
(Anderson et al., 2000); around one-quarter of
depressed patients in clinical trials report insomnia
(Winokur et al., 2001). Less well documented is that
SSRIs may cause daytime somnolence, particularly at
higher doses (Beasley Jr et al., 1992). EEG studies of
sleep confirm that SSRIs immediately suppress REM
sleep, and continue to do so throughout treatment;
REM parameters return to normal once the SSRI is
discontinued (Winokur et al., 2001).

The observed effects on sleep of SSRIs are thought
to be due to the effects of increased levels of on
5-HT; 5 and 5-HT, receptors. Activation of 5-HT .
receptors is probably responsible for REM suppres-
sion (Gillin er al., 1994), but is unlikely to mediate
sleep fragmentation. This is more likely to be due to
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stimulation of 5-HT, receptors (Lawlor et al., 1991).
By definition, SSRIs block serotonin reuptake, but
some also block noradrenaline reuptake. Both actions
have been associated with REM suppression and sleep
disruption (Wilson and Argyropoulos, 2005).

CITALOPRAM
Depressed patients

Mendels et al. (1999) found that citalopram (20—80 mg)
was associated with significant improvements in
HAMD sleep scores, relative to placebo; although day-
time sleepiness was a significantly greater problem for
those taking citalopram than for placebo. Rosenberg
et al. (1994) demonstrated that citalopram (10—60 mg)
was associated with significantly better HAMD sleep
scores (from baseline), but did not differ from imipra-
mine (50-100 mg). Leinonen et al. (1999) showed that
subjective ratings for all LSEQ factors significantly
improved with citalopram (20-60 mg), although not as
quickly as with mirtazapine (15-60 mg).

ESCITALOPRAM

Escitalopram is a relatively new antidepressant in the
SSRI class. It has been developed from one of the iso-
mers of citalopram, so whilst chemically identical, it
may be more beneficial than citalopram if the efficacy
elements reside in that single isomer; it may also pos-
sess less side effects than the original combination.
There are currently no RCTs that specifically examine
escitalopram in placebo or comparator trials. In a
recent pooled analysis (Lader et al, 2005), which
compares data from RCTs involving citalopram and
escitalopram, it was shown that escitalopram (10—
20mg) showed significantly better improvements on
the Montgomery-Asberg Depression Rating Scale
(MADRS; Montgomery and Asberg, 1979) item 4
(sleep) at all time points (weeks 1, 4, 6 and 8); citalo-
pram (20-40 mg) was only significantly better at week
6. The proportion of patients with sleep problems (at
baseline MADRS item 4 > 4) improving by endpoint
(MADRS item 4 <1) was significantly higher with
escitalopram than citalopram. However, prospective
RCTs specifically examining sleep are required.

SERTRALINE
Depressed patients

Jindal et al. (2003) found that sertraline (mean
142 mg) suppressed REM sleep and increased sleep
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latency (although not significantly), compared to
placebo. Lepine et al. (2000) showed that sertraline
(50-200 mg) and clomipramine (50-150 mg) signifi-
cantly improved LSEQ (all factors) and HAMD sleep
scores, but there were no between-group differences.
Bennie er al. (1995) demonstrated that sertraline
(50-100mg) was associated with fewer reports of
trouble in sleep initiation than fluoxetine (20-
40mg), but with poorer perceptions on waking.
Although overall LSEQ scores were significantly
improved for both groups, they differed on individual
items: sertraline showed better EGS scores than fluox-
etine, but poorer EOA and BFW.

Healthy participants

Paul et al. (2002) found that sertraline (50-150 mg)
was associated with significantly more insomnia than
with placebo.

FLUOXETINE
Depressed patients

Rush et al. (1998) found that sleep was significantly
less efficient, and nocturnal awakenings were signifi-
cantly greater, with fluoxetine (20-40 mg) when com-
pared to nefazodone (100-500mg). Fluoxetine
significantly suppressed REM sleep, while nefazo-
done significantly increased the time spent in REM
sleep. Wolf ez al. (2001) demonstrated that fluoxetine
(20 mg) was associated with less efficient, shorter and
more disrupted sleep than trimipramine (150 mg);
fluoxetine suppressed REM sleep, whereas trimipra-
mine did not. Satterlee and Faries (1995) showed that
HAMD sleep scores tended to show better improve-
ment for fluoxetine (20 mg) than placebo, but this
was not significant. Winokur et al. (2003) found
no differences between fluoxetine (2040 mg) and
mirtazapine (15-45mg) in respect of HAMD sleep
scores; both showing significant improvements.
However, improvements in sleep latency and total
sleep time were not as marked for fluoxetine as
they were for mirtazapine, which resulted in more
efficient sleep and less nocturnal disturbances than
fluoxetine.

Other patient groups

Wolfe et al. (1994) found that self-reported sleep qual-
ity perceptions were significantly better with fluoxe-
tine (20mg) than placebo for patients with
fibromyalgia.

Hum Psychopharmacol Clin Exp 2005; 20: 533-559.



ANTIDEPRESSANTS EFFECT ON SLEEP

Healthy participants

Vasar et al. (1994) demonstrated that fluoxetine
(20mg) increased REM sleep latency and reduced
overall REM proportion, increased sleep stages 2
and 3, increased sleep latency and worsened sleep effi-
ciency, compared to placebo.

FLUVOXAMINE
Depressed patients

Volkers et al. (2002) found that fluvoxamine (mean
201 mg) was associated with more fragmented sleep
than imipramine (mean 220mg), while (Kupfer
et al., 1991) demonstrated greater sleep disruption
for fluvoxamine (200mg) than desipramine (100—
200 mg). Perez and Ashford (1990) showed that flu-
voxamine (100-300mg) was associated with poorer
EGS ratings on the LSEQ than mianserin (60—
180 mg) but fluvoxamine was related to better BEW
ratings. While fluvoxamine (100 mg) and fluoxetine
(20mg) did not differ in their effect on sleep in the
first month of treatment, after that HAMD sleep scores
were significantly better for fluvoxamine (Dalery and
Honig, 2003).

Healthy participants

Silvestri et al. (2001) found that fluvoxamine
(100 mg) was less disruptive to sleep than paroxetine
(20 mg), but tended to be associated with greater REM
sleep suppression. Wilson et al. (2000) demonstrated
that fluvoxamine (100mg) was associated with
shorter and more disrupted sleep than with dothiepin
(100 mg) or placebo. Although poorer subjective sleep
quality was reported for fluvoxamine than dothiepin,
perceptions upon waking were better.

PAROXETINE
Depressed patients

Dunbar et al. (1993) found that HAMD sleep scores
were significantly more improved with paroxetine
(10-50 mg) than placebo. Staner et al. (1995) showed
that paroxetine (30 mg) was more alerting than ami-
triptyline (150 mg). Sleep quality was rated signifi-
cantly more poorly with higher doses of paroxetine
(40 mg vs 20 mg) than with amitriptyline (75 mg) or
placebo (Robbe and O’Hanlon, 1995). Schatzberg et
al. (2002) demonstrated that HAMD sleep scores
were poorer with paroxetine (20—40 mg) than mirtaza-
pine (15-45 mg). Hicks et al. (2002) found that sleep
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time was less, and disruption greater, for paroxetine
(2040 mg) compared to nefazodone (400-600 mg).
REM sleep was shown to be significantly more sup-
pressed with paroxetine than nefazodone, and subjec-
tive sleep ratings showed greater improvements with
nefazodone. Dorman (1992) demonstrated that LSEQ
scores were significantly more likely to be improved
with paroxetine (15 mg) than mianserin (30 mg); par-
oxetine was significantly improved from baseline on
all four factors; mianserin only for BFW. In an RCT
where the time of dose was randomised (Wade and
Aitken, 1993), HAMD scores were significantly better
for morning doses of paroxetine (15-30 mg) than eve-
ning doses.

Other patient groups

Capaci and Hepguler (2002) found that sleep disrup-
tion did not improve as well with paroxetine (20—
40 mg) as it did for amitriptyline (10-20 mg) in fibro-
myalgia patients.

Healthy participants

Ridout er al. (2003) demonstrated that paroxetine
(20mg) was associated with longer sleep latency
and poorer reports of sleep quality than mirtazapine
(15-30 mg). Sharpley et al. (1996) observed greater
suppression of REM sleep for paroxetine (30 mg) than
for nefazodone (400 mg).

OTHER ANTIDEPRESSANTS
Venlafaxine

Venlafaxine blocks the reuptake of serotonin and nor-
adrenaline, mostly the former in lower doses (less than
150 mg), with little effect on post-synaptic receptor
sites. Increases in these monoamines are related to
REM suppression and sleep fragmentation (Wilson
and Argyropoulos, 2005).

Depressed patients. Luthringer et al. (1996) found that
venlafaxine (225 mg) was associated with significant
REM sleep reduction, and significantly increased noc-
turnal disturbance, compared to placebo. Cunningham
et al. (1994) demonstrated that HAMD sleep scores
were improved following venlafaxine (25-200mg),
but significantly less so than with trazodone, and
no different to placebo. Guelfi ef al. (2001) showed
that HAMD sleep scores were also significantly
poorer for venlafaxine (75-375 mg) than mirtazapine
(15-60 mg).
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Reboxetine

Reboxetine inhibits the reuptake of noradrenaline, and
is not associated with direct activity at post-synaptic
receptor sites. No RCTs were found in the systematic
review, but one uncontrolled study showed evidence
of transient sleep disruption, but persistent REM sup-
pression, with 2mg (b.d.) of reboxetine in 12 dysthy-
mic patients (Ferini-Strambi et al., 2004), and
(Kuenzel et al., 2004) found nocturnal disturbance
and reduced sleep efficiency with reboxetine (8-
10 mg) in 8 depressed patients.

Trazodone

Trazodone is associated with weak serotonin reuptake
blockade, and with antagonist actions at «;-adreno-
ceptors, 5-HT o and 5-HT, receptors. The effects on
ap-adrenoceptor and 5-HT, receptor sites may explain
why there is more evidence of sleep promotion with
this compound. However, trazodone has also shown
to suppress REM sleep in some studies (Mouret et
al., 1988), which seems at odds with the relative lack
of serotonin reuptake antagonism and the inhibition of
5-HT 5 (Wilson and Argyropoulos, 2005). The rea-
sons for this are unclear.

Depressed patients. Mashiko et al. (1999) found
that sleep scores on HAMD were significantly
better improved for trazodone (50-100mg) than
placebo, although the effect was better in lower doses.
Nierenberg et al. (1994) demonstrated that trazodone
(50-100mg) was associated with significantly better
patient-rated sleep quality (Pittsburgh Sleep Quality
Index) and clinician-rated sleep scores (Yale-New
Haven Hospital Depression Symptom Inventory) than
was placebo. Blacker et al. (1988) observed better
improvements in subjective sleep ratings with trazo-
done (150mg) than with amitriptyline (75-100 mg)
or mianserin (30-75mg). Moon and Davey (1988)
demonstrated similar improvements for all LSEQ
scores with trazodone (150 mg) and mianserin (30—
60 mg), although trazodone tended to show more
rapid improvements.

Other patient groups

Le Bon ef al. (2003) showed that trazodone (100 mg)
was associated with significantly better sleep effi-
ciency and significantly less nocturnal disturbance
than placebo in alcohol dependent patients. Walsh et
al. (1998) found that subjective ratings of sleep initia-
tion, nocturnal awakenings and sleep quality were sig-
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nificantly better for trazodone (50 mg) than placebo
for insomnia patients, but did not differ from the
effects of the hypnotic drug zolpidem (10mg).
Saletu-Zyhlarz et al. (2001) observed significantly
suppressed REM sleep for trazodone (100 mg), com-
pared to placebo, in dysthymic insomnia patients.

Healthy participants

Ware et al. (1994) observed significantly more REM
sleep suppression with trazodone (100 mg) than with
nefazodone (200 mg).

NEFAZODONE

Nefazodone has mild serotonin reuptake blocking
properties, and stronger 5-HT, antagonist effects. It
is not associated with REM suppression, as might be
expected (Wilson and Argyropoulos, 2005), The
blockade of «j-adrenoceptor sites, and the 5-HT,
receptor probably underlie the beneficial effects on
sleep continuity that have been observed.

Depressed patients

Feighner et al. (1998) found that nefazodone (100—
600mg) was associated with significantly better
improvements in HAMD sleep scores than placebo.
Previous analyses indicated that nefazodone was asso-
ciated with less nocturnal disturbance than fluoxetine
(Rush et al., 1998) or paroxetine (Hicks et al., 2002).
While nefazodone shows clear benefits for sleep, it is
no longer available in many countries.

Healthy participants

In contrast to some findings in depressed groups,
Vogel et al. (1998) showed that nefazodone (200-
400 mg) reduced total sleep time, and increased noc-
turnal awakenings, when compared to placebo in 120
healthy volunteers.

MIANSERIN

Mianserin is an antagonist at «i-adrenoceptor sites
and 5-HT, receptors, which may promote sleep but
also with inhibition of the «j-adrenoceptor, and
with moderate inhibition of noradrenaline reuptake
(Wilson and Argyropoulos, 2005), which may frag-
ment sleep and suppress REM sleep. This compound
has been associated with sleep promotion properties,
particularly in comparison to SSRIs, as this review
has shown, possibly through inhibition of histamine
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H, receptors. There are no RCTs that explore the
effects of mianserin on REM sleep, but uncontrolled
studies have suggested slight suppression (Maeda
et al., 1991).

Depressed patients

Smith and Naylor (1978) found that mianserin
(30 mg) was associated with significantly better nurse-
and patient-rated improvements in total sleep time
than placebo. Granier et al. (1985) demonstrated that
mianserin (30 mg) was associated with significantly
better improvements in HAMD sleep scores than
nomifensine (50mg). Mianserin (10-20mg) was
associated with significantly reduced HAMD sleep
scores compared to placebo for depressed women
with cancer (Costa et al., 1985). However, this may
have been compounded by the addition of the hypno-
tic drug nitrazepam (2.5-10mg) for those patients
with persistent insomnia.

Mirtazapine

Mirtazapine blocks «s-autorecptors, 5-HT, rec-
eptors and H; receptors. a,-adrenoceptor inhibition
increases noradrenaline, thus suppressing REM
sleep and disrupting sleep continuity; while the
other actions tend to promote sleep. The improve-
ments in sleep with mirtazapine are more likely to
be the result of 5-HT, receptor inhibition (Haddjeri
et al., 1995).

Depressed patients

Leinonen et al. (1999) found that mirtazapine (15—
60 mg) was associated with more rapid improvements
in QOS and BFW on the LSEQ than was citalopram
(20-60 mg). Earlier analyses comparing mirtazapine
to other antidepressants, indicated less nocturnal dis-
turbance and better sleep efficiency than with fluoxe-
tine (Winokur er al., 2003) or paroxetine (Ridout
et al., 2003), and better HAMD sleep scores than with
paroxetine (Schatzberg et al., 2002) or venlafaxine
(Guelfi et al., 2001).

Healthy participants

Aslan et al. (2002) demonstrated that mirtazapine
(30mg) was associated with significantly greater
improvements in sleep efficiency, including fewer
nocturnal disturbances than with placebo, but did
not affect REM sleep measures.
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BUPROPION

Bupropion is used as an agent to facilitate smoking
cessation, and as an antidepressant in the US and
some other countries. Its mechanism of action is not
fully understood, but may involve noradrenaline
reuptake, which is associated with REM suppression,
and enhanced dopamine availability (Wilson and
Argyropoulos, 2005), which is not. However, RCT
evidence suggests that bupoprion is associated with
REM suppression.

Depressed patients

Ott et al. (2002) found no differences with regard to
sleep measures between bupoprion (150—400mg)
and placebo, although treatment response was asso-
ciated with significant REM suppression.

Other patient groups

Haney et al. (2001) observed that bupropion (300 mg)
was associated with poorer sleep than placebo in
patients withdrawing from marijuana; total sleep time
and getting to sleep were particularly poor for those
taking bupropion in the first 3 days of withdrawal.
However, when nicotine smokers were examined dur-
ing withdrawal, no differences were detected between
bupropion (150-300 mg) and placebo (Shiffman et al.,
2000).

MILNACIPRAN

Milnacipran inhibits the reuptake of serotonin and
noradrenaline (Bourin et al., 2005), but does not
blockade histamine H;or the «;-adrenoceptor site. It
might be expected that this compound would be asso-
ciated with REM suppression and less sedation, but
RCTs are scarce. Uncontrolled studies suggest no
long term effect on REM sleep, and improved sleep
efficiency (Lemoine and Faivre, 2004).

Healthy participants

Poirier et al. (2004) demonstrated that milnacipran
was associated with improvements in subjective sleep
ratings (sleep latency, sleep quality and waking), but
did not differ from placebo in this respect.

OTHER PSYCHOTROPIC MEDICATIONS

Since sleep disturbance is often found with antide-
pressants, particularly in the form of insomnia with
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SSRIs, hypnotic medications have been added to an
antidepressant to offset the sleep problem. The addi-
tion of the novel antipsychotic risperidone has been
found to reduce sleep disturbance in resistant depres-
sion (Ostroff and Nelson, 1999), but there is much
more evidence for hypnotics. In one study of
SSRI-treated depressed patients (Asnis et al., 1999),
those receiving fluoxetine (<40mg), sertraline
(£100mg) or paroxetine (<40mg), who reported
significant insomnia, were entered into a double-blind
phase where they were randomised to zolpidem
(10 mg) or placebo for 4 weeks, followed by single-
blind placebo for 1 week.

Those receiving zolpidem demonstrated improved
sleep (longer TST, better sleep quality and reduced
WASO) and significant improvements in subsequent
daytime perceptions. In the single-blind phase of pla-
cebo, the zolpidem group presented significant wor-
sening of sleep, but no evidence of withdrawal
effects. In another study (Londborg et al., 2000),
depressed outpatients were randomised to fluoxetine
(20mg) plus clonazepam (0.5-1mg), or fluoxetine
plus placebo. Significantly more patients showed
improvements in sleep disturbance in the co-therapy
group than with placebo, although sedation was
reported more often with co-therapy than with
placebo.

SUMMARY

Antidepressants are associated with differing effects
on sleep profiles, with variations between and within
classes: sometimes there is a conflicting evidence for
individual compounds. The effect on sleep is related
to pharmacological properties such as the degree of
inhibition of serotonin or noradrenaline reuptake, the
effects on 5-HT;5 and 5-HT, receptor sites, and
actions at «;- and aj-adrenoceptors, and histamine
H, sites. The effect that an antidepressant has on sleep
is important because it may influence the clinician’s
decision regarding which antidepressant to prescribe
to which patient.

There is much variation in the reported effects on
sleep from TCAs. Amitriptyline (Hindmarch et al.,
2000), trimipramine (Sonntag et al., 1996), nortripty-
line (Hammack et al., 2002), dothiepin (Blacker et al.,
1988) and doxepin (Hajak er al., 2001) have all been
associated with sedation, while imipramine (Volkers
et al., 2002) and desipramine (Shipley et al., 1985)
are less likely to be linked with sedation, but
have been associated with insomnia; the evidence is
less clear with clomipramine. At the same time,
amitriptyline (Rosenzweig et al., 1998), nortriptyline

Copyright © 2005 John Wiley & Sons, Ltd.

A. G. MAYERS AND D. S. BALDWIN

(Hammack et al., 2002) and (particularly) dothiepin
(Wilson et al., 2002) have frequently been linked with
poorer reports of daytime drowsiness. Improved sub-
jective ratings of sleep have been reported with ami-
triptyline (De Ronchi et al., 1998), clomipramine
(Lepine et al., 2000), imipramine (Ware et al., 1989)
and doxepin (Hajak et al., 2001).

Clinician ratings of sleep (via HAMDS) have
improved with amitriptyline (Versiani et al., 1999),
clomipramine (Lepine et al., 2000), imipramine
(Rosenberg et al., 1994), dothiepin (Corne and Hall,
1989) and doxepin (Feighner et al., 1986). EEG stu-
dies suggest that sleep length and efficiency are
increased, and nocturnal disturbances reduced, for
amitriptyline (Casper et al., 1994), clomipramine
(Eberhard et al., 1988), trimipramine (Wolf et al.,
2001), nortriptyline (Reynolds, III ef al., 1997) and
doxepin (Hajak er al., 1996); although one study
of nortriptyline suggested longer sleep latency
(Hammack et al., 2002) and another found no
improvement in total sleep time for amitriptyline
(Raigrodski et al., 2001). Greater disturbance, and less
sleep, is reported with imipramine (Volkers ef al.,
2002) and desipramine (Shipley et al., 1985). REM
sleep suppression is reported with all TCAs except tri-
mipramine (Riemann et al, 2002). Patients who
report difficulty getting to sleep are more likely to
benefit from amitriptyline, trimipramine, nortripty-
line, dothiepin and doxepin. These patients are less
likely to benefit from imipramine and desipramine.

Not much data is available on sleep effects with
MAQOIs. In general, they are associated with greater
nocturnal disturbance and shorter sleep times, with
insomnia common (Winokur et al., 2001). MAOIs
have been reported to significantly suppress REM
sleep (Nolen et al., 1993). The few RCTs that were
found during this review appear to support these find-
ings. Nevertheless, subjective reports of sleep were
favourable with tranylcypromine (Nolen et al.,
1993) and isocarboxazid (Giller et al., 1982). All the
same, MAOIs appear to present few benefits for
the troubled sleeper. The reversible MAOI moclobe-
mide is less associated with REM sleep suppression,
and appears not to affect sleep notably (Ramaekers
et al., 1992).

SSRIs are commonly associated with insomnia
(Anderson et al., 2000), although occasionally day-
time sleepiness has been reported with higher doses
(Beasley Jret al., 1992). Despite this, patients’ subjec-
tive sleep reports whilst taking SSRIs are frequently
positive, as are clinicians’ ratings. However, EEG stu-
dies frequently show greater fragmentation of sleep
with SSRIs. REM sleep suppression is frequently
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found with these compounds. In RCTs, prolonged
sleep latency and reduced sleep time have been noted
with sertraline (Jindal et al., 2003), fluoxetine (Gillin
et al., 1997), fluvoxamine (Wilson et al., 2000) and
paroxetine (Hicks et al., 2002), particularly when
compared to placebo and against the sedative TCAs.
However, patient-rated LSEQ scores have been shown
to improve with citalopram (Leinonen et al., 1999),
sertraline and fluoxetine (Aguglia et al., 1993), com-
paring well with TCAs in this respect, although not so
well as some of the newer antidepressants.

Clinician-rated HAMDS scores were improved in
the trials that investigated citalopram (Mendels
et al., 1999), sertraline (Lepine et al., 2000), fluoxe-
tine (Winokur et al., 2003), fluvoxamine (Dalery and
Honig, 2003) and paroxetine (Dunbar et al., 1993). It
is unlikely that a patient with a history of sleep distur-
bance will benefit from SSRI treatment. There are few
differences between SSRIs, unlike TCAs. Some stu-
dies suggest that sertraline and fluoxetine present
similar improvements in LSEQ scores (Aguglia
et al., 1993), while others show better improvement
with sertraline (Bennie et al., 1995); sertraline was
also shown to produce fewer reports of insomnia than
fluoxetine. Fluvoxamine appears to be associated with
less sleep disruption than paroxetine (Silvestri ef al.,
2001).

No general comments can be made about ‘other’
antidepressants, since their mode of action varies
widely. Venlafaxine and reboxetine appear to be simi-
lar to SSRIs in REM sleep suppression and nocturnal
disturbance (Luthringer et al., 1996), and to present
similar improvements in clinician-rated HAMD sleep
scores (Cunningham et al., 1994). Trazodone has been
found to have favourable sleep outcomes in a number
of trials, showing better improvements in subjective
sleep ratings than TCAs (Moon and Davey, 1988),
and performing equally well against placebo with
the hypnotic zolpidem in respect of insomnia and
sleep time (Walsh et al., 1998).

Nefazodone presents some of the more positive
sleep outcomes of any antidepressant, frequently
showing better sleep time and less disruption than
SSRIs (Hicks et al., 2002). Mianserin was shown to
be associated with greater improvements in LSEQ rat-
ings than SSRIs, but with poorer perceptions on wak-
ing (Perez and Ashford, 1990). Mirtazapine appears to
compare well with TCAs on sleep time and nocturnal
disturbance, with a quicker, but less sustained
improvement profile (Bruijn et al., 1999). HAMD
sleep scores have been shown to be better with mirta-
zapine than venlafaxine (Guelfi et al., 2001) and simi-
lar to fluoxetine (Winokur et al., 2003).

Copyright © 2005 John Wiley & Sons, Ltd.

555
REFERENCES

Aguglia E, Casacchia M, Cassano GB, et al. 1993. Double-blind
study of the efficacy and safety of sertraline versus fluoxetine
in major depression. Int Clin Psychopharmacol 8: 197-202.

Anderson IM, Nutt DJ, Deakin JFW. 2000. Evidence-based guide-
lines for treating depressive disorders with antidepressants: a
revision of the 1993 British Association for Psychopharmacology
guidelines. J Psychopharmacol 14: 3-20.

Armitage R, Yonkers K, Cole D, Rush AJ. 1997. A multicenter,
double-blind comparison of the effects of nefazodone and fluoxe-
tine on sleep architecture and quality of sleep in depressed
outpatients. J Clin Psychopharmacol. 17: 161-168.

Aslan S, Isik E, Cosar B. 2002. The effects of mirtazapine on sleep:
a placebo controlled, double-blind study in young healthy volun-
teers. Sleep 25: 677-679.

Asnis GM, Chakraburtty A, DuBoff EA, et al. 1999. Zolpidem for
persistent insomnia in SSRI-treated depressed patients. J Clin
Psychiatry 60: 668-676.

Beasley CM Jr, Sayler ME, Weiss AM, Potvin JH. 1992. Fluoxetine:
activating and sedating effects at multiple fixed doses. J Clin Psy-
chopharmacol 12: 328-333.

Bennie EH, Mullin JM, Martindale JJ. 1995. A double-blind multi-
center trial comparing sertraline and fluoxetine in outpatients
with major depression. J Clin Psychiatry 56: 229-237.

Blacker R, Shanks NJ, Chapman N, Davey A. 1988. The drug treat-
ment of depression in general practice: a comparison of nocte
administration of trazodone with mianserin, dothiepin and ami-
triptyline. Psychopharmacol 95(Suppl. 24): S18-S24.

Bourin M, Masse F, Dailly E, Hascoet M. 2005. Anxiolytic-like
effect of milnacipran in the four-plate test in mice: mechanism
of action. Pharmacol Biochem Behav 81: 645-656.

Bruijn JA, Moleman P, Mulder PG, van den Broek WW. 1999.
Depressed in-patients respond differently to imipramine and mir-
tazapine. Pharmacopsychiatry 32: 87-92.

Capaci K, Hepguler S. 2002. Comparison of the effects of amitripty-
line and paroxetine in the treatment of fibromyalgia syndrome.
Pain Clinic 14: 223-228.

Carette S, Oakson G, Guimont C, Steriade M. 1995. Sleep electro-
encephalography and the clinical response to amitriptyline in
patients with fibromyalgia. Arthritis Rheum 38: 1211-1217.

Casper RC, Katz MM, Bowden CL, Davis JM, Koslow SH, Hanin 1.
1994. The pattern of physical symptom changes in major depres-
sive disorder following treatment with amitriptyline or imipra-
mine. J Affect Disord 31: 151-164.

Cassano GB, Toni C, Petracca A, et al. 1994. Adverse effects asso-
ciated with the short-term treatment of panic disorder with imi-
pramine, alprazolam or placebo. Eur Neuropsychopharmacol 4:
47-53.

Claghorn J. 1992. A double-blind comparison of paroxetine and pla-
cebo in the treatment of depressed outpatients. Int Clin Psycho-
pharmacol. 6(Suppl. 4): 25-30.

Claghorn JL, Kiev A, Rickels K, Smith WT, Dunbar GC. 1992. Par-
oxetine versus placebo: a double-blind comparison in depressed
patients. J Clin Psychiatry. 53: 434—438.

Corne SJ, Hall JR. 1989. A double-blind comparative study of fluox-
etine and dothiepin in the treatment of depression in general prac-
tice. Int Clin Psychopharmacol 4: 245-254.

Costa D, Mogos I, Toma T. 1985. Efficacy and safety of mianserin in
the treatment of depression of women with cancer. Acta Psy-
chiatr Scand Suppl 320: 85-92.

Cunningham LA, Borison RL, Carman JS, Chouinard G. 1994. A
comparison of venlafaxine, trazodone, and placebo in major
depression. J Clin Psychopharmacol 14: 99-106.

Hum Psychopharmacol Clin Exp 2005; 20: 533-559.



556

Dalery J, Honig A. 2003. Fluvoxamine versus fluoxetine in major
depressive episode: a double-blind randomised comparison.
Hum Psychopharmacol Clin Exp 18: 379-384.

De Ronchi D, Rucci P, Lodi M, Ravaglia G, Forti P, Volterra V.
1998. Fluoxetine and amitriptyline in elderly depressed patients:
a 10-week, double-blind study on course of neurocognitive
adverse events and depressive symptoms. Arch Gerontol Geriatr
27(Suppl. 6): 125-140.

Dingemanse J, Berlin I, Payan C, Thiede HM, Puech AJ. 1992.
Comparative investigation of the effect of moclobemide and
toloxatone on monoamine oxidase activity and psychometric per-
formance in healthy subjects. Psychopharmacol 106(Suppl. 70):
S68-S70.

Dorman T. 1992. Sleep and paroxetine: a comparison with mian-
serin in elderly depressed patients. Int Clin Psychopharmacol
6(Suppl. 4): 53-58.

Dunbar GC, Claghorn JL, Kiev A, Rickels K, Smith WT. 1993. A
comparison of paroxetine and placebo in depressed outpatients.
[see comment]. Acta Psychiatr Scand 87: 302-305.

Eberhard G, von Knorring L, Nilsson HL, er al. 1988. A double-
blind randomized study of clomipramine versus maprotiline in
patients with idiopathic pain syndromes. Neuropsychobiol 19:
25-34.

Edwards JG, Goldie A. 1983. Placebo-controlled trial of mianserin
and maprotiline in primary depressive illness: a preliminary
report. Br J Clin Pharmacol. 15(Suppl. 2): 239S-248S.

Fabre LF, Brodie HK, Garver D, Zung WW. 1983. A multicenter
evaluation of bupropion versus placebo in hospitalized depressed
patients. J Clin Psychiatry. 44: 88-94.

Fann WE, Lyle FA, Higginbotham W. 1984. Nomifensine vs. imi-
pramine in depressed inpatients. J Clin Psychiatry. 45(4, Part 2):
60-62.

Fava M, Hoog SL, Judge RA, Kopp JB, Nilsson ME, Gonzales JS.
2002. Acute efficacy of fluoxetine versus sertraline and paroxe-
tine in major depressive disorder including effects of baseline
insomnia. J Clin Psychopharmacol. 22: 137-147.

Feighner J, Hendrickson G, Miller L, Stern W. 1986. Double-
blind comparison of doxepin versus bupropion in outpatients
with a major depressive disorder. J Clin Psychopharmacol 6:
27-32.

Feighner J, Targum SD, Bennett ME, er al. 1998. A double-blind,
placebo-controlled trial of nefazodone in the treatment of
patients hospitalized for major depression. J Clin Psychiatry
59: 246-253.

Ferguson JM, Mendels J, Manowitz NR. 1994. Dothiepin versus
doxepin in major depression: results of a multicenter, placebo-
controlled trial. Prothiaden Collaborative Study Group. J Clin
Psychiatry 55: 258-263.

Ferini-Strambi L, Manconi M, Castronovo V, Riva L, Bianchi A.
2004. Effects of reboxetine on sleep and nocturnal cardiac auto-
nomic activity in patients with dysthymia. J Psychopharmacol
18: 417-422.

Flament MF, Lane RM, Zhu R, Ying Z. 1999. Predictors of an acute
antidepressant response to fluoxetine and sertraline. Int Clin Psy-
chopharmacol. 14: 259-275.

Giller E, Bialos D, Riddle M, Sholomskas A, Harkness L. 1982.
Monoamine oxidase inhibitor-responsive depression. Psychiatry
Res 6: 41-48.

Gillin JC, Jernajczyk W, Valladares-Neto DC, Golshan S, Lardon
M, Stahl SM. 1994. Inhibition of REM sleep by ipsapirone, a
SHT1A agonist, in normal volunteers. Psychopharmacology
(Berl) 116: 433-436.

Gillin JC, Rapaport M, Erman MK, Winokur A, Albala BJ. 1997. A
comparison of nefazodone and fluoxetine on mood and on objec-

Copyright © 2005 John Wiley & Sons, Ltd.

A. G. MAYERS AND D. S. BALDWIN

tive, subjective, and clinician-rated measures of sleep in
depressed patients: a double-blind, 8-week clinical trial. [erratum
appears in J Clin Psychiatry 1997 Jun;58(6):275]. J Clin Psychia-
try 58: 185-192.

Granier F, Girard M, Schmitt L, Boscredon J, Oules J, Escande M.
1985. Depression and anxiety: mianserin and nomifensine com-
pared in a double-blind multicentre trial. Acta Psychiatr Scand
Suppl 320: 67-74.

Guelfi JD, Ansseau M, Timmerman L, Korsgaard S, Mirtazapine-
Venlafaxine Study Group. 2001. Mirtazapine versus venlafaxine
in hospitalized severely depressed patients with melancholic fea-
tures. J Clin Psychopharmacol 21: 425-431.

Haas H, Panula P. 2003. The role of histamine and the tuberomamil-
lary nucleus in the nervous system. Nat Rev Neurosci 4: 121-130.

Haddjeri N, Blier P, de Montigny C. 1995. Noradrenergic modula-
tion of central serotonergic neurotransmission: acute and long-
term actions of mirtazapine. Int Clin Psychopharmacol 10
(Suppl. 4): 11-17.

Hajak G, Rodenbeck A, Adler L, et al. 1996. Nocturnal melatonin
secretion and sleep after doxepin administration in chronic pri-
mary insomnia. Pharmacopsychiatry 29: 187-192.

Hajak G, Rodenbeck A, Voderholzer U, et al. 2001. Doxepin in the
treatment of primary insomnia: a placebo-controlled, double-
blind, polysomnographic study. J Clin Psychiatry 62: 453-463.

Hameroff SR, Cork RC, Scherer K, Crago BR, Neuman C, Womble
JR, et al. 1982. Doxepin effects on chronic pain, depression and
plasma opioids. J Clin Psychiatry. 43: 22-27.

Hameroff SR, Weiss JL, Lerman JC, Cork RC, Watts KS, Crago BR,
et al. 1984. Doxepin’s effects on chronic pain and depression: a
controlled study. J Clin Psychiatry. 45: 47-53.

Hamilton M. 1960. A rating scale for depression. J Neurol Neuro-
surg Psychiatry 23: 56-62.

Hammack JE, Michalak JC, Loprinzi CL, et al. 2002. Phase III eva-
luation of nortriptyline for alleviation of symptoms of cis-plati-
num-induced peripheral neuropathy. Pain 98: 195-203.

Haney M, Ward AS, Comer SD, Hart CL, Foltin RW, Fischman
MW. 2001. Bupropion SR worsens mood during marijuana with-
drawal in humans. Psychopharmacol 155: 171-179.

Hannonen P, Malminiemi K, Yli-Kerttula U, Isomeri R, Roponen P.
1998. A randomized, double-blind, placebo-controlled study of
moclobemide and amitriptyline in the treatment of fibromyalgia
in females without psychiatric disorder. Br J Rheumatol 37:
1279-1286.

Hicks JA, Argyropoulos SV, Rich AS, et al. 2002. Randomised con-
trolled study of sleep after nefazodone or paroxetine treatment in
out-patients with depression. Br J Psychiatry 180: 528-535.

Hindmarch I, Rigney U, Stanley N, Briley M. 2000. Pharmacody-
namics of milnacipran in young and elderly volunteers. Br J Clin
Pharmacol 49: 118-125.

Hubain PP, Castro P, Mesters P, de M, V, Mendlewicz J. 1990.
Alprazolam and amitriptyline in the treatment of major depres-
sive disorder: a double-blind clinical and sleep EEG study. J
Affect Disord. 18: 67-73.

Jindal RD, Friedman ES, Berman SR, Fasiczka AL, Howland RH,
Thase ME. 2003. Effects of Sertraline on Sleep Architecture
in Patients with Depression. J Clin Psychopharmacol 23:
540-548.

Kerkhofs M, Rielaert C, de Maerteloer V, Linkowski P, Czarka M,
Mendlewicz J. 1990. Fluoxetine in major depression: efficacy,
safety and effects on sleep polygraphic variables. Int Clin Psy-
chopharmacol 5: 253-260.

Kerr JS, Fairweather DB, Hindmarch 1. 1993. Effects of fluoxetine
on psychomotor performance, cognitive function and sleep in
depressed patients. Int Clin Psychopharmacol 8: 341-343.

Hum Psychopharmacol Clin Exp 2005; 20: 533-559.



ANTIDEPRESSANTS EFFECT ON SLEEP

Kerrick JM, Fine PG, Lipman AG, Love G. 1993. Low-dose ami-
triptyline as an adjunct to opioids for postoperative orthopedic
pain: a placebo-controlled trial. Pain. 52: 325-330.

Kiev A, Feiger A. 1997. A double-blind comparison of fluvoxamine
and paroxetine in the treatment of depressed outpatients. J Clin
Psychiatry. 58: 146—152.

Kroenke K, West SL, Swindle R, Gilsenan A, Eckert GJ, Dolor R,
et al. 2001. Similar effectiveness of paroxetine, fluoxetine, and
sertraline in primary care: a randomized trial. JAMA. 286:
2947-2955.

Kuenzel HE, Murck H, Held K, Ziegenbein M, Steiger A. 2004.
Reboxetine induces similar sleep-EEG changes like SSRIs in
patients with depression. Pharmacopsychiatry 37: 193—195.

Kupfer DJ, Bowers MB Jr. 1972. REM sleep and central monoa-
mine oxidase inhibition. Psychopharmacologia 27: 183—-190.

Kupfer DJ, Perel JM, Pollock BG, et al. 1991. Fluvoxamine versus
desipramine: comparative polysomnographic effects. Biol Psy-
chiatry 29: 23-40.

Lacey JH, Crisp AH, Crutchfield M, Hawkins C, Hartmann M.
1977. Clomipramine and sleep: a preliminary communication.
Postgrad Med J 53(Suppl. 4): 35-40.

Lader M, Andersen HF, Baekdal T. 2005. The effect of escitalopram
on sleep problems in depressed patients. Hum Psychopharmacol
20: 349-354.

Lawlor BA, Newhouse PA, Balkin TJ, et al. 1991. A preliminary
study of the effects of nighttime administration of the serotonin
agonist, m-CPP, on sleep architecture and behavior in healthy
volunteers. Biol Psychiatry 29: 281-286.

Le Bon O, Murphy JR, Staner L, ez al. 2003. Double-blind, placebo-
controlled study of the efficacy of trazodone in alcohol post-with-
drawal syndrome: polysomnographic and clinical evaluations.
J Clin Psychopharmacol 23: 377-383.

Leinonen E, Skarstein J, Behnke K, Agren H, Helsdingen JT. 1999.
Efficacy and tolerability of mirtazapine versus citalopram: a dou-
ble-blind, randomized study in patients with major depressive
disorder. Nordic Antidepressant Study Group. Int Clin Psycho-
pharmacol 14: 329-337.

Lemoine P, Mirabaud C. 1992. A double-blind comparison of moclo-
bemide and toloxatone in out-patients presenting a major depres-
sive disorder. Psychopharmacol 106(Suppl. 9): S118-S119.

Lemoine P, Faivre T. 2004. Subjective and polysomnographic
effects of milnacipran on sleep in depressed patients. Hum Psy-
chopharmacol 19: 299-303.

Lepine JP, Goger J, Blashko C, et al. 2000. A double-blind study of
the efficacy and safety of sertraline and clomipramine in outpa-
tients with severe major depression. Int Clin Psychopharmacol
15: 263-271.

Levin A, Schlebusch L. 1985. Mianserin is better tolerated and more
effective in depression than a nomifensine-clobazam combina-
tion: a double-blind study. Acta Psychiatr Scand Suppl. 320:
75-80.

Londborg PD, Smith WT, Glaudin V, Painter JR. 2000. Short-term
cotherapy with clonazepam and fluoxetine: anxiety, sleep distur-
bance and core symptoms of depression. J Affect Disord 61: 73-79.

Luthringer R, Toussaint M, Schaltenbrand N, et al. 1996. A double-
blind, placebo-controlled evaluation of the effects of orally admi-
nistered venlafaxine on sleep in inpatients with major depression.
Psychopharmacol Bull 32: 637-646.

Maeda Y, Hayashi T, Furuta H, et al. 1991. Effects of mianserin on
human sleep. Neuropsychobiology 24: 198-204.

Mashiko H, Niwa S, Kumashiro H, et al. 1999. Effect of trazodone
in a single dose before bedtime for sleep disorders accompanied
by a depressive state: dose-finding study with no concomitant use
of hypnotic agent. Psychiatry Clin Neurosci 53: 193—-194.

Copyright © 2005 John Wiley & Sons, Ltd.

557

Mendels J, Kiev A, Fabre LE. 1999. Double-blind comparison of
citalopram and placebo in depressed outpatients with melancho-
lia. Depress Anxiety 9: 54—60.

Mercadante S, Arcuri E, Tirelli W, Villari P, Casuccio A. 2002.
Amitriptyline in neuropathic cancer pain in patients on morphine
therapy: a randomized placebo-controlled, double-blind cross-
over study. Tumori 88: 239-242.

Mertz H, Fass R, Kodner A, Yan-Go F, Fullerton S, Mayer EA.
1998. Effect of amitriptyline on symptoms, sleep, and
visceral perception in patients with functional dyspepsia. Am J
Gastroenterol 93: 160-165.

Moller HJ, Gallinat J, Hegerl U, Arato M, Janka Z, Pflug B, et al.
1998. Double-blind, multicenter comparative study of sertraline
and amitriptyline in hospitalized patients with major depression.
Pharmacopsychiatry. 31: 170-177.

Montgomery SA, Asberg M. 1979. A new depression rating scale
designed to be Sensitive to Change. Br J Psychiatry 134: 382—
389.

Moon CA, Davey A. 1988. The efficacy and residual effects of tra-
zodone (150 mg nocte) and mianserin in the treatment of
depressed general practice patients.  Psychopharmacol
95(Suppl.): S7-S13.

Mouret J, Lemoine P, Minuit MP, Benkelfat C, Renardet M. 1988.
Effects of trazodone on the sleep of depressed subjects—a poly-
graphic study. Psychopharmacology (Berl) 95(Suppl.): S37-S43.

Nierenberg AA, Adler LA, Peselow E, Zornberg G, Rosenthal M.
1994. Trazodone for antidepressant-associated insomnia. Am J
Psychiatry 151: 1069-1072.

Nofzinger EA, Reynolds CF, III, Thase ME, Frank E, Jennings JR,
Fasiczka AL, et al. 1995. REM sleep enhancement by bupropion
in depressed men. Am J Psychiatry. 152: 274-276.

Nolen WA, Haffmans PM, Bouvy PF, Duivenvoorden HJ. 1993.
Monoamine oxidase inhibitors in resistant major depression. A
double-blind comparison of brofaromine and tranylcypromine
in patients resistant to tricyclic antidepressants. J Affect Disord
28: 189-197.

Ostroft RB, Nelson JC. 1999. Risperidone augmentation of selective
serotonin reuptake inhibitors in major depression. J Clin Psy-
chiatry 60: 256-259.

Ott GE, Rao U, Nuccio I, Lin KM, Poland RE. 2002. Effect of
bupropion-SR on REM sleep: relationship to antidepressant
response. Psychopharmacol 165: 29-36.

Paul MA, Gray G, Lange M. 2002. The impact of sertraline on psy-
chomotor performance. Aviat Space Environ Med 73: 964-970.

Perez A, Ashford JJ. 1990. A double-blind, randomized comparison
of fluvoxamine with mianserin in depressive illness. Curr Med
Res Opin 12: 234-241.

Poirier MF, Galinowski A, Amado I, et al. 2004. Double-blind com-
parative study of the action of repeated administration of milna-
cipran versus placebo on cognitive functions in healthy
volunteers. Hum Psychopharmacol Clin Exp 19: 1-7.

Radhakishun FS, van den BJ, van der Heijden BC, Roes KC,
O’Hanlon JE. 2000. Mirtazapine effects on alertness and sleep
in patients as recorded by interactive telecommunication during
treatment with different dosing regimens. J Clin Psychopharma-
col. 20: 531-537.

Raigrodski AJ, Christensen LV, Mohamed SE, Gardiner DM. 2001.
The effect of four-week administration of amitriptyline on sleep
bruxism. A double-blind crossover clinical study. Cranio 19: 21—
25.

Ramaekers JG, Muntjewerff ND, O’Hanlon JF. 1995. A compara-
tive study of acute and subchronic effects of dothiepin, fluoxetine
and placebo on psychomotor and actual driving performance. Br
J Clin Pharmacol 39: 397-404.

Hum Psychopharmacol Clin Exp 2005; 20: 533-559.



558

Ramaekers JG, Muntjewerff ND, Van Veggel LMA, Uiterwijk
MMC, O’Hanlon JF. 1998. Effects of nocturnal doses of mirtaza-
pine and mianserin on sleep and on daytime psychomotor and
driving performance in young, healthy volunteers. Hum Psycho-
pharmacol Clin Exp. 13(Suppl. 2): S87-S97.

Ramaekers JG, Swijgman HF, O’Hanlon JF. 1992. Effects of
moclobemide and mianserin on highway driving, psychometric
performance and subjective parameters, relative to placebo.
Psychopharmacol 106(Suppl. 7): S62-S67.

Reynolds CF III, Buysse DJ, Brunner DP, et al. 1997. Maintenance
nortriptyline effects on electroencephalographic sleep in elderly
patients with recurrent major depression: double-blind, placebo-
and plasma-level-controlled evaluation. Biol Psychiatry 42: 560—
567.

Ridout F, Meadows R, Johnsen S, Hindmarch I. 2003. A placebo
controlled investigation into the effects of paroxetine and mirta-
zapine on measures related to car driving performance. Hum Psy-
chopharmacol Clin Exp 18: 261-269.

Riemann D, Voderholzer U, Cohrs S, et al. 2002. Trimipramine in
primary insomnia: results of a polysomnographic double-blind
controlled study. Pharmacopsychiatry 35: 165-174.

Robbe HW, O’Hanlon JF. 1995. Acute and subchronic effects of
paroxetine 20 and 40 mg on actual driving, psychomotor perfor-
mance and subjective assessments in healthy volunteers. Eur
Neuropsychopharmacol 5: 35-42.

Rosenberg C, Damsbo N, Fuglum E, Jacobsen LV, Horsgard S.
1994. Citalopram and imipramine in the treatment of depressive
patients in general practice. A Nordic multicentre clinical study.
Int Clin Psychopharmacol 9(Suppl. 1): 41-48.

Rosenzweig P, Patat A, Zieleniuk I, Cimarosti I, Allain H,
Gandon JM. 1998. Cognitive performance in elderly subjects
after a single dose of befloxatone, a new reversible selective
monoamine oxidase A inhibitor. Clin Pharmacol Ther 64:
211-222.

Rush AJ, Armitage R, Gillin JC, et al. 1998. Comparative effects of
nefazodone and fluoxetine on sleep in outpatients with major
depressive disorder. Biol Psychiatry 44: 3—14.

Ruwe FJL, Smulders RA, Kleijn HJ, Hartmans HLA, Sitsen JMA.
2001. Mirtazapine and paroxetine: a drug-drug interaction study
in healthy subjects. Hum Psychopharmacol Clin Exp. 16: 449—
459.

Saletu-Zyhlarz GM, Abu-Bakr MH, Anderer P, et al. 2001. Insom-
nia related to dysthymia: polysomnographic and psychometric
comparison with normal controls and acute therapeutic trials
with trazodone. Neuropsychobiol 44: 139-149.

Satterlee WG, Faries D. 1995. The effects of fluoxetine on symp-
toms of insomnia in depressed patients. Psychopharmacol Bull
31: 227-237.

Schatzberg AF, Kremer C, Rodrigues HE, Murphy GM Jr. 2002.
Double-blind, randomized comparison of mirtazapine and parox-
etine in elderly depressed patients. Am J Geriatr Psychiatry 10:
541-550.

Sechter D, Troy S, Paternetti S, Boyer P. 1999. A double-blind com-
parison of sertraline and fluoxetine in the treatment of major
depressive episode in outpatients. Eur Psychiatry. 14: 41-48.

Sharpley AL, Williamson DJ, Attenburrow ME, Pearson G, Sargent
P, Cowen PJ. 1996. The effects of paroxetine and nefazodone on
sleep: a placebo controlled trial. Psychopharmacol 126: 50-54.

Shiffman S, Johnston JA, Khayrallah M, et al. 2000. The effect of
bupropion on nicotine craving and withdrawal. Psychopharma-
col 148: 33-40.

Shipley JE, Kupfer DJ, Griffin SJ, et al. 1985. Comparison of effects
of desipramine and amitriptyline on EEG sleep of depressed
patients. Psychopharmacol 85: 14-22.

Copyright © 2005 John Wiley & Sons, Ltd.

A. G. MAYERS AND D. S. BALDWIN

Silvestri R, Pace-Schott EF, Gersh T, Stickgold R, Salzman C,
Hobson JA. 2001. Effects of fluvoxamine and paroxetine on sleep
structure in normal subjects: a home-based Nightcap evaluation
during drug administration and withdrawal. J Clin Psychiatry 62:
642-652.

Skrumsager BK, Jeppesen K. 1986. Femoxetine and amitriptyline in
general practice: a randomized double-blind group comparison.
Pharmacopsychiatry. 19: 368-377.

Smith AH, Naylor GJ. 1978. The antidepressant properties of
mianserin and its effect on sleep. Acta Psychiatr Belg 78: 813—
826.

Sogaard J, Lane R, Latimer P, ef al. 1999. A 12-week study compar-
ing moclobemide and sertraline in the treatment of outpatients
with atypical depression. J Psychopharmacol 13: 406-414.

Sonntag A, Rothe B, Guldner J, Yassouridis A, Holsboer F, Steiger
A. 1996. Trimipramine and imipramine exert different effects on
the sleep EEG and nocturnal hormone secretion during treatment
of major depression. Depression 4: 1-13.

Staner L, Kerkhofs M, Detroux D, Leyman S, Linkowski P, Mendle-
wicz J. 1995. Acute, subchronic and withdrawal sleep changes
during treatment with paroxetine and amitriptyline: a double-
blind randomized trial in major depression. Sleep 18: 470-477.

Stephenson DA, Harris B, Davies RH, er al. 2000. The Impact of
antidepressants on sleep and anxiety: a comparative study of
fluoxetine and dothiepin using the leeds sleep evaluation ques-
tionnaire. Hum Psychopharmacol Clin Exp 15: 529-534.

Taylor MP, Reynolds CF, III, Frank E, Dew MA, Mazumdar S,
Houck PR, et al. 1999. EEG sleep measures in later-life bereave-
ment depression: a randomized, double-blind, placebo-controlled
evaluation of nortriptyline. Am J Geriatr Psychiatry. 7: 41-47.

van Moffaert M, Dierick M, De Meulemeester F, Vereecken A.
1983. Treatment of depressive anxiety states associated with psy-
chosomatic symptoms. A double-blind multicentre clinical
study: mianserin versus melitracen-flupentixol. Acta Psychiatr
Belg. 83: 525-539.

Vasar V, Appelberg B, Rimon R, Selvaratnam J. 1994. The effect of
fluoxetine on sleep: a longitudinal, double-blind polysomno-
graphic study of healthy volunteers. Int Clin Psychopharmacol
9: 203-206.

Ventafridda V, Caraceni A, Saita L, Bonezzi C, De Conno F, Guarise
G, et al. 1988. Trazodone for deafferentation pain. Comparison
with amitriptyline. Psychopharmacol. 95(Suppl): S44-S49.

Versiani M, Ontiveros A, Mazzotti G, et al. 1999. Fluoxetine versus
amitriptyline in the treatment of major depression with asso-
ciated anxiety (anxious depression): a double-blind comparison.
Int Clin Psychopharmacol 14: 321-327.

Vogel G, Cohen J, Mullis D, Kensler T, Kaplita S. 1998. Nefazodone
and REM sleep: how do antidepressant drugs decrease REM
sleep? Sleep 21: 70-77.

Volkers AC, Tulen JHM, van den Broek WW, Bruijn JA, Passchier J,
Pepplinkhuizen L. 2002. 24-Hour motor activity after treatment
with imipramine or fluvoxamine in major depressive disorder.
Eur Neuropsychopharmacol 12: 273-278.

Volz HP, Gleiter CH, Moller HJ. 1997. Brofaromine versus imipra-
mine in in-patients with major depression—a controlled trial. J
Affect Disord. 44: 91-99.

Wade A, Aitken C. 1993. Efficacy, tolerability and effect on sleep of
morning and evening doses of paroxetine in depressed patients.
Br J Clin Res 4: 105-111.

Walsh JK, Erman M, Erwin CW, et al. 1998. Subjective hypnotic
efficacy of trazodone and zolpidem in DSMIII-R primary insom-
nia. Hum Psychopharmacol Clin Exp 13: 191-198.

Ware JC, Brown FW, Moorad PJ Jr, Pittard JT, Cobert B. 1989.
Effects on sleep: a double-blind study comparing trimipramine

Hum Psychopharmacol Clin Exp 2005; 20: 533-559.



ANTIDEPRESSANTS EFFECT ON SLEEP

to imipramine in depressed insomniac patients. Sleep 12: 537—
549.

Ware JC, Rose FV, McBrayer RH. 1994. The acute effects of nefa-
zodone, trazodone and buspirone on sleep and sleep-related
penile tumescence in normal subjects. Sleep 17: 544-550.

Weisler RH, Johnston JA, Lineberry CG, Samara B, Branconnier
RJ, Billow AA. 1994. Comparison of bupropion and trazodone
for the treatment of major depression. J Clin Psychopharmacol.
14: 170-179.

‘Wheatley DP, van Moffaert M, Timmerman L, Kremer CM. 1998.
Mirtazapine: efficacy and tolerability in comparison with fluox-
etine in patients with moderate to severe major depressive disor-
der. Mirtazapine-Fluoxetine Study Group. J Clin Psychiatry. 59:
306-312.

Wilson SJ, Argyropoulos SV. 2005. Antidepressants and sleep: a
qualitative review of the literature. Drugs 65: 927-947.

Wilson SJ, Bailey JE, Alford C, Nutt DJ. 2000. Sleep and daytime
sleepiness the next day following single night-time dose of flu-
voxamine, dothiepin and placebo in normal volunteers. J Psycho-
pharmacol 14: 378-386.

Wilson SJ, Bailey JE, Alford C, Weinstein A, Nutt DJ. 2002. Effects
of 5 weeks of administration of fluoxetine and dothiepin in

Copyright © 2005 John Wiley & Sons, Ltd.

559

normal volunteers on sleep, daytime sedation, psychomotor
performance and mood. J Psychopharmacol 16: 321-331.

Winokur A, DeMartinis NA III, McNally DP, Gary EM,
Cormier MS, Gary KA. 2003. Comparative effects of mirtaza-
pine and fluoxetine on sleep continuity measures in patients
with major depression and insomnia. J Clin Psychiatry 64:
1224-1229.

Winokur A, Gary KA, Rodner S, Rae-Red C, Fernando AT, Szuba
MP. 2001. Depression, sleep physiology, and antidepressant
drugs. Depress Anxiety 14: 19-28.

Wolf R, Dykierek P, Gattaz WF, et al. 2001. Differential effects of
trimipramine and fluoxetine on sleep in geriatric depression.
Pharmacopsychiatry 34: 60-65.

Wolfe F, Cathey MA, Hawley DJ. 1994. A double-blind placebo
controlled trial of fluoxetine in fibromyalgia. Scand J Rheumatol
23: 255-259.

Wyatt RJ, Fram DH, Kupfer DJ, Snyder F. 1971. Total prolonged
drug-induced REM sleep suppression in anxious-depressed
patients. Arch Gen Psychiatry 24: 145-155.

Zitman FG, Linssen AC, Edelbroek PM, Stijnen T. 1990. Low
dose amitriptyline in chronic pain: the gain is modest. Pain.
42: 35-42.

Hum Psychopharmacol Clin Exp 2005; 20: 533-559.



