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Sleep Deprivation in Depression: What Do We Know,
Where Do We Go?

Anna Wirz-Justice and Rutger H. Van den Hoofdakker

Manipulations of the sleep-wake cycle, whether of durapsychotic, suicidal patients in the course of a few hours
tion (total or partial sleep deprivation [SD]) or timing into their normal premorbid “selves” convinced many
(partial SD, phase advance), have profound and rapidpsychiatrists at that time of the extraordinary importance
effects on depressed mood in 60% of all diagnosticsf this phenomenon. Many studies followed, resulting in
subgroups of affective disorders. Relapse after reCOVeryidespread consensus that SD can have antidepressant

sleep is less when patients are receiving medication; it < |t also turned out that subsequent sleep tends to
may be prevented by co-administration of lithium, pindo- e o . }
reverse this improvement. The original interest and invest

lol, serotonergic antidepressants, bright light, or a subse- T S

quent phase advance procedure. Diurnal and day-to-day"€nt in clinical research and application faded away.
mood variability predict both short-term response to SD [N our opinion, two factors may be responsible for the
and long-term response to antidepressant drug treatmengurrent lack of interest. First, considerable relapses were
These mood patterns can be understood in terms of &equently observed after recovery sleep. Second, the
“two-process model of mood regulation” based on the dominance of pharmacology and neurochemistry in re-
model well established for sleep regulation: the interac-search on pathogenesis and therapy of psychiatric disor-
tion of circadian and homeostatic processes. The theragers may be responsible. It is difficult to obtain funding for
peutic effect of SD is postulated to be linked to changes ifon-pharmacological and non-neurochemical clinical re-
disturbed circadian- and sleep-wake-dependent phase rese 4 ch (the same is true for another efficacious antidepres-

Iig%gi?épsagg% gr?gllcon;gﬂ;éﬁ%fgss?egf ﬁ:g\;vs'wrg;e'sgeuen%ant modality, light treatment). Nevertheless, the rapidity
p i . b y nd the magnitude of the clinical changes brought about

teract the hyperarousal state in depression. This mode . S T
has the advantage of providing a comprehensive theoret?y SD and sleep still remain highly intriguing and may
ical framework and stringent protocols (“constant rou- Provide clues for understanding the pathophysiology of

tine,” “forced desynchrony”) to dissect out specific dis- depression. In fact, it is surprising that no pharmaceutical
turbances. Many aspects tie in with current serotonergiccompany has focused on this model in the search for that
receptor hypotheses of SD action. A treatment inducingnuch-needed rapid-acting antidepressant; don’t clinicians
euthymia in severely depressed patients witloarsis an  want a drug that works within a day?
important therapeutic option that has come of age for Thijs review will not be an update of previous summa-
clini_cal use. BioI_ Psychiatry 1999;46:445-453 @999  (jes (Wu and Bunney 1990; Kuhs andIlBol991; Elsenga
Society of Biological Psychiatry 1992; Leibenluft and Wehr 1992). It reiterates and extends
) o the issues brought up in recent detailed reviews (Wirz-
Key Words: Depression, sleep deprivation, sleep regula-y siice 1995: van den Hoofdakker 1997). We wish to
tion, circadian rhythms, mood reintroduce SD on the clinical and scientific agenda. A
renewed attention is justified, not only because of its
. intrinsic importance, but also because of new develop-
Introduction ments in the clinical application of SD and in theoretical
Thirty years ago, the first experimental total sleepconcepts of the mechanisms underlying the regulation of
deprivation (SD) in a depressed patient with severenood.
insomnia revealed an unexpected and paradoxical im-
provement the following day (Pflug and @ 1971). The
remarkable transformation of often deeply depressedClinical Aspects

For Whom Does Sleep Deprivation Work?

From the Chronobiology and Sleep Laboratory, Psychiatric University Clinic, There is an extraordinarily broad response to SD in
Basel, Switzerland; and Department of Biological Psychiatry, University of P P H o ;
Groningen, Groningen. The Netherlands. depressmq, |rtespect|ve of Ehe syndromql classification.
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Busel. Switzenand. with severe .psyshotlc f(_ee:tures) respond more often than
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and Bunney 1990; 68% vs. 33%, Elsenga 1992). Ther&leep Deprivation: With or Without Drugs?

is some empirical evidence that bipolar depresseqy e of its transient and variable effects, SD alone has
patients respond more often than recurrent unipolargyi peen considered an adequate option for clinical use.
(Szuba et al 1991; Barbini et al 1998). Although terefore it is important to investigate its interactions with
approximately 25% of bipolar patients have been re'antidepressant drugs.
ported to become hypomanic or manic after SD, this 5pigenressant medication has little influence on rates
response is m_amly characteristic of_ rapid cyclers. A response to SD (Van den Hoofdakker 1997), but may
new investigation of a large populatiom & 206) of = .0\ ent relapse: drug-free versus medicated 83% versus
bipolar depressed patients revealed a lower rate of C%g% (Wu and Bunney 1990) and 73% versus 47%

5% switches after SD, not associated with medicatio Elsenga 1992). These data concern the responses to 1
status (Colombo- et al 1999). Men and women respon ingle SD and the subsequent recovery night. There is
equglly well. Neither age, number O.f hospltallzatlpns, vidence however, that drugs can increase the susceptibil-
earlier treatments, duration of the episode or severity Of,., 1, multiple SDs (Elsenga and Van den Hoofdakker

depression appear consistently related to respons?\{enei 90). Addition of drugs can also potentiate the SD effect,
tp S.D (Kuhs and The 1991; Elsengg 1992).-P05|t|.ve as recently exemplified in a placebo-controlled trial of
findings have been reported in schizophrenic patients

with negative symptoms and with post-psychotic de_plndolol combined with SD in bipolar depression

. . ; . . SSmeraIdi et al 1999). This potentiation may be specific to
pression, in patients with premenstrual depression, an ; ) . . ) .
Serotonergic drugs: the dopamine agonist amineptine pre-

N depresswg psegdodementla. In contrast, SD does nQ/tented the antidepressant effect of SD (Benedetti et al
improve anxiety disorders (for references, see Van derl
Hoofdakker 1997) 996). . . .
' Conversely, multiple SDs might improve response to
drugs, as reported in a number of uncontrolled, open
What Does the Sleep Deprivation Response Look studies in “therapy-resistent patients” (Leibenluft and
Like? Wehr 1992; Van den Hoofdakker et al 1994; Benedetti et

. al 1997). This points to a clinically feasible application.
Cross-sectional data on many hundreds of depressgeyyaially important for a longer lasting clinical improve-

patients of all diagnostic subcategories (Wu and Bunne)(nent seems to be the combination of SD with lithium

1990; Wehr 1990; Elsenga_\ 1992) show substantial pOSitiV(EBaxter et al 1986: Grube and Hartwich 1990: Szuba et al
responses the day following a total SD (59%, 60% andygg4- Gordijn et al 1998), as recently substantiated in an

56%, respectively). The time course of a positive responsg,, o ssjve 3-month follow-up study clearly demonstrating
to SD“usuaIIy beg|r3’s in the second half of the night. Theg, i5ineq response to 3 consecutive SDs only in lithium-
term NONrESponse™ ranges from lack of any change Qreated bipolar patients (Benedetti et al 1999). Further,
extremely negative response (Van den Hoofdakker an ther serotonin-related treatment strategies have been able
Beersma 1998). to prevent relapse: daily application of bright light after
partial SD (Neumeister et al 1996) or tryptophan depletion

How Consistent Is the Positive Sleep Deprivation (Neumeister et al 1998).

Response?
Lack of antidepressant response to the first SD does n hat Does the Course of Mood after Recovery

mean that the patient will not respond to further SDs leep Look Like?

(Pthringer et al 1975; Handrich 1988; Gordijn et al Very little is known about the course of mood after
1995). Reanalysis of data from the first two studies (totalrecovery sleep. In most cases an increase in depressive
n = 80), where multiple SDs were carried out, revealedcomplaints is experienced immediately after sleep termi-
that 44% of the patients showed consistent positive renation by both the patient and the environment. Short naps
sponses, and in a further 27% no response to SD wakke day after SD are followed by both positive and
followed by positive responses. In patients with only 2negative mood responses, with morning naps more detri-
SDs, a positive response followed by no response or twonental than afternoon naps (Wiegand et al 1993). Even
consecutive SDs without responses, was found in 20% o$hort bouts of microsleep may prevent the full antidepres-
the cases. The small group who did not respond after 3 asant effect of partial SD developing (Hemmeter et al
more SDs (9%) could be considered the group of “real”1998).

non-responders. Rapid-cyclers show a pattern of increased Although most clinicians and researchers retain the
responsiveness to repeated SDs, suggesting a possibiietion that the antidepressant effect of SD is completely
“kindling” effect (Gill et al 1993). lost after 1 night of sleep, the literature contradicts this
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assumption, at least in medicated patients: as indicategredictor of SD response: the larger the variability of daily
earlier, relapse rates range between 47%-59%. Morand day-to-day mood fluctuations the more favorable the
importantly, a recent study provides evidence that aesponse to SD (Gordijn et al 1994; 1995). Of clinical
beneficial effect on mood is detectable for at least 4 dayselevance is that both this mood variability, and a benefi-
after SD in lithium-treated patients. The mood level oncial effect of SD, predicted a high chance for a favourable
these days is significantly better than the mood level on butcome after 6 weeks of antidepressant drug treatment
consecutive days with normal sleep (Gordijn et al 1998).(Gordijn et al 1998). This is in accordance with the
findings in a large antidepressant treatment stualy=(
Predictors of Sleep Deprivation Response 116): patien_ts with greater DV amplitude (higher day-to-
day “rhythmic activity” over 3 weeks) were those who

Studies on the possible psychobiological predictors of th%referentially responded (Haug and Stieglitz 1990).
SD response have yielded disparate and inconsistent re-

sults (for reviews see Kuhs andlleo 1991; Van den
Hoofdakker 1994; Kasper and ‘Mer 1996). The only  Mechanisms Underlying the Effects of Sleep
exception concerns the relationship between SD respong®eprivation
and pre-SD levels of “arousal’” or “activation.” High o ] ]
vigilance levels, high behavioral activation and low levels Theé central characteristic of the mood disorders is by
of tiredness are related to a favorable SD response (Boufi€finition the disturbance of one of the most complex and
huys et al 1989, 1995; Szuba et al 1991). Levels Offunqamental processes rggulatlng our mtergctlon with the
transmitter metabolites in urine and cerebrospinal fluidenvironment: the regulation of mood. SD is a complex
indicate that low peripheral sympathetic activity and highlntervgntlon Wlthllmpact ona host.of !evels of functioning,
central noradrenergic activity favor response to SD (Kuh$Overing the entire area from social interactions to molec-
and Tdle 1991; Kasper and Mter 1996). ular processes. Thus, the mechanisms explaining SD
In accordance with these results, PET and SPECTeSPOnse can be looked for on many levels. .
studies have suggested that patients with high metabolic L&t uS begin by narrowing these down. Psychological
rates in limbic areas are likely to respond to SD, and laterM&chanisms are unlikely to provide a complete explana-
to antidepressant medication (Ebert et al 1991; Wu et alion, because the acute improvement after SD is unprece-
1992). A new study extends this finding to a larger grc,updented in the psychotherapeupc literature on the category
of patients: at baseline, high metabolism in the ventraff severely ill patients susceptible to SD (reviewed in Van
anterior cingulate was found in those who responded t(_gen_ I_—|oofdakker 1997). Po_smve expectations are counter-
SD, followed by decreased metabolism in the mediafintuitive for depressed patients who perceive sleep loss as
prefrontal cortex after clinical improvement (Wu et al & central problem; further, why would recovery sleep
1999). There may be a correlate in the findings of somdhreaten mental yvell—b_emg? SD involves the mgnlpulatlpn
authors that higher thyroid function predicts positive ©f Many potentially important nonpsychological vari-

response to SD (e.g., Baumgartner et al 1990; reviewed iAPles- Where these have been tested (e.g., body posture,
Kuhs and Tde 1991). motor activity, environmental light intensity), they do not

appear determinant of the antidepressant response (Van
. . - den Hoofdakker 1997).
Diurnal Variation of Mood Revisited There is obvious personal bias in the choice of disci-
Cross-sectional studies show that diurnal variation ofplines to study biological mechanisms in psychiatry.
mood (DV) appears to be a predictive patient characterisPharmacology and neurochemistry dominate. This is un-
tic. Patients with positive DV (better in the evening) on thederstandable in view of the central role that was played by
day before SD tend to respond more favorably than thosantidepressant drugs in the development of biological
with negative DV (worse in the evening) or no DV theories. The acute and transient therapeutic response to
(Reinink et al 1990; Haug 1992). SD must be mediated by mechanisms different from those
In a prospective longitudinal study it was investigatedmediating the gradual improvement obtained with antide-
whether within patients the response to SD could bepressants.
predicted from the mood pattern on the day prior to SD. It In the area of neurochemistry there are many poten-
turned out that within an individual it was not the (positive tially promising studies, though they will not be re-
or negative) DV pattern on the day prior to SD thatviewed here in detail. In particular, serotonin is a major
correlated positively with SD response, but the amounneurotransmitter candidate, being involved in both sleep
and magnitude of DVs during the depressive episodend circadian rhythm regulation, and the modulation of
(Reinink et al 1993). More detailed analyses showed thamood state in humans. There is indeed a growing body
the variability of mood fluctuations is an even better of evidence that serotonergic (5HT) mechanisms, in
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particular, down-regulation of presynaptic 5HIre- component, REM-sleep propensity and timing appear to
ceptors, may be involved in the antidepressant action obe governed by an interaction between circadian and
SD (e.g., Preot et al 1996). Clinical trials using ultradian mechanisms, controlling the distribution over 24
5HT-related treatment modalities have revealed interhours, as well as reciprocal interaction of NREM- with
actions with SD to potentiate response or preventREM-sleep.
relapse—lithium, clomipramine, fluoxetine, the 5HT The amplitude and phase characteristics of process C
receptor antagonist pindolol, bright light or tryptophan can be estimated in rhythms (such as core body tempera-
depletion (see “Sleep Deprivation: With or Without ture or melatonin) measured under the controlled condi-
Drugs?”). An important clue comes from the finding tions of a “constant routine” protocol (subjects kept in bed,
that a functional polymorphism within the promoter of supine posture, regular small isocaloric snacks, with low
the S5HT transporter gene, associated with a bettelight intensity and constant temperature). The disadvan-
response to fluvoxamine and paroxetine (Smeraldi et ajage of the classic 40-hour constant routine is the sleep
1999; Zanardi et al 1999), is also associated with bettegeprivation thereby induced over time. To avoid this
mood amelioration after SD (Benedetti et al 1999). It isproblem, a second method has been developed, the “forced
also possible that altered serotonergic function in dedesynchrony” protocol. When subjects are forced for
pression is merely a reflection of another more primarymany days to be awake and sleep on an artificial daylength
pathogenetic process, such as hypercortisolemia ofchedule outside the range of entrainment of the human
immune dysfunction (SD alters immune response e.g.gircadian system<(22 hours or>28 hours), the sleep-
Dinges et al 1995). wake cycle follows the imposed daylength but circadian
A new psychostimulant theory implicating dopaminer- rhythms do not. This desynchronization permits separation
gic mechanisms in the antidepressant effect of SD (Ebeldf the respective contribution of the two processes C and
and Berger 1998) requires future studies to test thiss to the regulation of overt rhythms (Dijk et al 1992;
intriguing hypothesis. That a dopamine reuptake inhibitorHiddmga et al 1997). Such experiments have demon-
prevents the antidepressant effect of repeated SD is &rated that interactions between the circadian system and
surprising negative finding (Benedetti et al 1996). Still atthe sleep-wake cycle determine the course of many vari-
the experimental level is the quest for specific genes thagpes, such as sleepiness, alertness, cognitive performance
are expressed after sleep deprivation (e.g., Bgred  ang, Jast but not least, mood (Dijk et al 1992; Boivin et al

Tononi 1998). _ . 1996; Van den Hoofdakker 1997).
Since extensive developments in understanding the

regulation and dysregulation of mood have recently taken

place in the field of sleep physiology and chronobiology, L
we have chosen to dedicate this review to these functiond/10dels of the Effects of Sleep Deprivation
interactions, embedding the discussion within the explanall Depression

tory framework of the two-process model of sleep regulationjnternal Coincidence

The “internal coincidence hypothesis” (Wehr and Wirz-
Models of Sleep Regulation Ju§tice 1981), an extension of the phase advance hypoth-

esis for depression (Wehr et al 1979), assumes that the
The two process model of sleep regulation postulatephase-angle between an advanced circadian pacemaker
interaction of a homeostatic process S and a circadiagng the sleep-wake cycle is depressogenic. Depressive
process C (Daan et al 1984). Sleep need is represented Bytients sleep at the wrong biological clock-time, like shift
process S and is reflected in EEG slow wave activityyorkers or transmeridian travellers. The second assump-
(SWA), i.e., power density in the frequency range belowtion is that SD is effective because the coincidence of

4Hz. The level of sleep need depends on the duration ofjeep with the critical phase is avoided. Recovery sleep
prior wakefulness and sleep: it increases exponentiallyestores this coincidence.

with increasing duration of wakefulness and decreases
during non-rapid-eye-movement (NREM) sleep. Sleep
onset and sleep termination are determined by the level of~
S and by a gating system consisting of two thresholdsThe S-deficiency model proposes a deficient build-up of
under control of the circadian process C. Thus, apart fronprocess S (i.e., sleep need) in depression, with process C
conscious decisions elicited by external social or psychoremaining unaffected (Bofbe and Wirz-Justice 1982).
logical factors, sleep need and the circadian pacemakes$D is assumed to be therapeutic because the level of S is
dictate the timing of (NREM) sleep. The regulation of transiently increased to normal; relapse occurs after recov-
REM-sleep is complicated: in addition to a homeostaticery sleep due to the return to low levels of S.

Deficiency
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REM-Sleep A second approach has been to shift sleep, not curtail it.

A cluster of related hypotheses suggests that abnormalitie 6-hour advance of sleep timing induced positive, long-
in the ultradian rhythm of REM-sleep play a dominant role 125ting responses in a number of uncontrolled studies
in depressed patients. These models assume disturb&§viewed in Van den Hoofdakker 1997) indicating that

neurochemical interaction mechanisms. Since selectivi’® timing of sleep, and thus the phase relationship
REM-SD is not only a heroic task but requires weeks toPetween sleep and the circadian system, might indeed be a

elicit an antidepressant effect (Vogel et al 1980), it cancrucial element in the mood changes that take place during

hardly be responsible for the clinical effects of a single®" after sleep-wake manipulations. In other words the
night's SD. timing of sleep would be crucial. The possibility is not

excluded that with shifting sleep the duration of sleep is
) also changed and, therefore, process S.

Slow-Wave-Sleep Suppression The above approaches have also been used to attempt to
REM-sleep deprivation experiments in healthy subjectpreserve the SD-induced improvement. First, after antide-
have led to gradual suppression of SWA (Beersma et gbressant response to total SD, partial SD was carried out in
1990; Brunner et al 1990). Total SD is obviously accom-the recovery night. Relapse was not prevented, neither
panied by acute suppression of SWA. Since REM-SD inwhen sleep was restricted to the early part of the night, nor
depressives leads to gradual improvement (Vogel et ao the later part (Elsenga et al 1990). Relapse was
1980) and total SD to acute improvement, it has beemprevented when a total SD was followed by an acute
postulated that the suppression of SWA is causal to thé-hour phase advance of sleep, day by day slowly revert-
antidepressant effects of both REM-SD and total SDing sleep timing back to normal (Berger et al 1997). Two

(Beersma and Van den Hoofdakker 1992). further studies have demonstrated maintenance of the
clinical response to SD, with advanced sleep phase (17-24
Arousal, Cerebral Fatigue hours) better than a normal (23—06 hours) or delayed sleep

) ) i period (02—09 hours) (Riemann et al 1996, 1999).
Obviously, sleep subserves restorative brain processes and

sleep loss, particularly loss of NREM-sleep, causes “fa-

tigue of the brain” (Horne 1991). One of the paradoxical\Mood Regulation

consequences of sleep loss in depressed patients is the .

increase of subjective tiredness and sleepiness combinegdi"ce mood is such a complex phenomenon, modulated
with improvement of energy and mood (Van den Burg etmoment to moment by m_yrlad_ fact.ors W|t_h|n_ and Wlthqut
al 1992). According to these authors, SD-induced cerebrdffom hormones to social situations), insight into its
fatigue might break the distressing state of hyperarousdgulation is difficult. Yet surprisingly, mood, as sleep,

depressives can be in, resulting in simultaneous feelings dPllows similar laws of nature. Self-rated mood undergoes
relief and tiredness. a clear circadian rhythm, that can be revealed in a constant

routine protocol (e.g., Wirz-Justice 1995). Mood is also
dependent on a homeostatic component. The exponential
increase of sleep need during wakefulness has a parallel in
a decrease in alertness and mood (Boivin et al 1996; Van
den Hoofdakker 1997). For alertness, it has been shown
The models presented essentially postulate two factors th#ttat the circadian system counteracts the homeostatic
may be responsible for changes in depressive state aftehanges: under normal synchronous conditions the phase
SD and recovery sleep: manipulations of sleep duratiorof the circadian modulation of alertness is such that the
(and therefore of the level of process S) or manipulation ofpeaks and troughs coincide with the sleep-wake dependent
sleep timing (and therefore the interaction between protroughs and peaks, maintaining vigilance till the end of the
cesses S and C). Which is crucial? day (Dijk et al 1992). Probably the same mechanisms can
For this question, partial SD has served as a theoreticdle proposed to maintain constant levels of mood during
tool. The antidepressant effects appear equivalent to thoseormal days (Boivin et al 1996).
of total SD (reviewed in Van den Hoofdakker 1997). Diurnal mood variations and depressed mood might
Although clinicians routinely restrict sleep to the first half arise from changing interactions of the two processes S
of the night, unequivocal superiority of this strategy toand C. Two experiments can be adduced to provide
restricting sleep to the second half of the night has noevidence for this hypothesis. In 11 healthy young men
been shown (Giedke et al 1992). Thus, simply a limitedundergoing a “short” 20 hour forced desynchrony protocol
duration of sleep (and thus the level of process S) may béFigure 1), mood ratings showed changing DV patterns
essential, rather than the timing. and amplitude day by day. These raw data represent a

Manipulations of the Sleep-Wake Cycle
Other Than Total Sleep Deprivation:
Duration or Timing?
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Figure 1. Upper panel:Average time course of 2-hourly self-
ratings of mood during wake (using an adjective mood scale) in
11 healthy subjects living on six 20-hour “days” while in a
time-isolation unit. This “forced desynchrony” protocol permits amplitude and level day by day for 3 weeks afte6 hour
analysis of the raw data in terms of the sleep-wake dependerihase-advance of the sleep-wake cycle (Figure 2). This is
variation of mood after correction for the circadian modulation not a forced desynchrony protocol, so the sleep-wake-
(middle panel),and the circadian modulation of mood after . .
correction for the sleep-wake dependent variaiower panel) related and circadian clock-related components cannot be
(see text for details). Redrawn from Van den Hoofdakker et aiseparated out. Yet, if one compares these day-to-day
1997. diurnal variations of mood, inducedyta 6 hour phase-
advance of the sleep-wake cycle in a depressive patient,
with the day-to-day mood ratings, induced by a forced 20
mixture of circadian and sleep-wake components. Théour sleep-wake cycle in healthy subjects, there are some
forced desynchrony protocol permits identification of theremarkable similarities. One gets the impression that also
“pure” circadian contribution and the “pure” sleep-wake- in the patient, a circadian rhythm of mood appears to move
related contribution and dissects such mood curves athrough the window of time awake. In other words, mood
cleanly as physiological variables (Hiddinga et al 1997).swings appear to be grounded in the interaction of these
The middle panel shows the influence of the sleep-wakéwo physiological processes. We now have sophisticated
cycle without circadian influence: after a short improve- protocols to test this hypothesis and an elegant model
ment in the first hour of wakefulness, mood deteriorates inwithin which framework the findings can be interpreted.
an exponential fashion. The lower panel shows a circadian
rhythm of mood state independent of time awake. TheD
different patterns of mood in the upper panel thus can be
largely explained by the changing phase-relationship#\s shown in the former paragraph, the instability of mood
between the sleep-wake cycle and the circadian systeman be explained by an instability of phase relationships
induced by a forced desynchrony. between the need for sleep (process S) and processes
To quote Van den Hoofdakker (1997) “These findingscontrolled by the circadian system. In healthy subjects,
may shed some light on the mechanisms underlying theome phase relationships are favorable, others unfavor-
spontaneous instability of mood in depression, and itsable, and this may also be the case in depressed patients.
close relationship with susceptibility to improve after SD. Sleep deprivation may produce its antidepressant effects
The coincidence of particular levels of sleep need andy increasing sleep need and thus changing the phase
particular circadian phases might be the unifying explanarelationship between sleep need and processes under
tion of the diurnal and day-to-day variability of mood as circadian control. The explanatory power of this “two-
well as the variability of the effects of curtailment of sleep process model of mood regulation” is limited to these
and recovery sleep. The latter would prevent, respectivelaspects. The model does not explain why patients are
restore such coincidence.” depressed, that is, why mood has deteriorated to a patho-
Preliminary evidence supporting this explanation comedogical degree. It also does not account for the fact that SD
from the very first sleep phase-advance experiment in anay even normalize mood. The arousal and cerebral
depressed patient (Wehr et al 1979). DV patterns changef@dtigue hypothesis may offer more appropriate explana-

ysregulation of Mood in Depression
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tions. The depressive mood would be due to pathologicalveeks later—whether or not assigned to drug or placebo
levels of arousal, and SD would break this aroused statgQuitkin et al 1998). This is an important finding now
Further, none of these are incompatible with a serotonergicepeated in two further analyses (Quitkin, p.c.). A small
hypothesis of depressed mood, since it is long known thaimprovement during 10 days placebo pill treatment ap-
neurotransmitter functions undergo a dynamic chang@eared to identify patients with an increased likelihood of
over the circadian cycle, at every level from synthesis togoing into remission. We posit that these individuals
receptor sensitivity (e.g., Wirz-Justice 1987). showed day-to-day variability.
In summary, this review was written to rekindle interest

in scientific and clinical studies of SD. It is our opinion
Back to the Clinic that manipulations of sleep may contribute to our under-
isstanding of the pathogenesis of depression, and further-
gmore, enlarge the therapeutic armamentarium with rapid
eand efficacious treatment modalities.

Given that in healthy subjects each moment's mood
physiologically based on the interaction of time of day an
elapsed time awake, it is evident that mood can b
influenced in many ways. It can vary from day to day
because of a good night's sleep or a bad one, because ol are extremely grateful to Marijke Gordijn for her important and
nap, different times of outdoor light exposure, the use ofcreative contributions, and Domien Beersma and Els Hiddinga for the
drugs, etc., not to mention psychological events. Thigfata in Figure 1.

complexity is daunting, but the very fact that something so

subjective as mood can be reliably measured and predicReferences
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ical applications. Barbini B, Colombo C, Benedetti F, Campori E, Bellodi L,

Let us attempt to outline a pragmatic scheme for Smeraldi E (1998): The unipolar-bipolar dichotomy and the

treati d . . th b i dt response to sleep deprivatiddsychiatry Re§9:43-50.

rea.lmt?l epre.S.SI?r:_j LtJSIan te above goncetptslan }Eaumgartner A, GifaKJ, Kirten |, Meinhold H, Scholz P

avalliable empirical data. FIrst, we may attempt {o m_Crease (1990): Neuroendocrinological investigations during sleep

the level of Process S or SWA pressure by changing the deprivation. 1. Concentrations of thyrotropin, thyroid hor-

duration and timing of sleep. Second, the amplitude and mones, cortisol, prolactin, luteinizing hormone, follicle-stim-

phase of Process C could be modified with appropriately ulating hormone, estradiol, and testosterone in patients with

timed bright light, ensuring stable entrainment. Once the Maior depressive disorder at 8am before and after total sleep
. e . S . deprivation.Biol Psychiatry28:556 -568.

patient is improved, the problem is to maintain this

. - . axter LR, Liston EH, Schwartz JM, Altshuler LL, Wilkins JN,
improvement. Empirical data suggest that this may bég Richeimer S, Guze BH (1986): Prolongation of the antide-

gchieved by Iigh.t therf':lpy, lithium, pindolol, and preferen-  ressant response to partial sleep deprivation by lithium.
tially serotonergic antidepressants; and non-pharmacolog- Psychiatry Re49:17-23.
ically, with a phase advance of the sleep-wake cycle.  Beersma DGM, Van den Hoofdakker RH (1992): Can non-REM
SD response is most marked in those individuals man- sleep be depressogeni¢ Aff Disord 24:101-108.
ifesting daily and day-to-day variability in mood. These Beersma DGM, Dijk DJ, Blok CG (1990): REM sleep depriva-
individuals also respond best to antidepressant treatment tion during 5 hours leads to an immediate REM sleep rebound
(Haug and Stieglitz 1990; Gordijn et al 1998). Thus, the and to suppression of NREM sleep intensiectroenceph
- . . : : Clin Neurophysiol76:114-122.
very instability of depressive state predicts SD-induced . e ) .
short-term and drug-induced long-term amelioration. InBenedetti F, Barbini B, Campori E, Colombo C, Smeraldi E
e . . . (1996): Dopamine agonist amineptine prevents the antide-
clinical practice, this means one should look out for this

. . ) o pressant effect of sleep deprivatidPsychiatry Re$5:179—
mood lability: does it also mean, one should induce it? 184,

Perhaps the simple procedure of rating mood two to thre@enedetti F, Barbini B, Lucca A, Campori E, Colombo C,
times a day for a week could provide an empirical basis for Smeraldi E (1997): Sleep deprivation hastens the antidepres-
selecting those depressed patients “ready” to improve. A sant action of fluoxetineEur Arch Psychiatry Clin Neurosci
corollary of this hypothesis, is that we should induce 247:100-103.

day-to-day variability in mood in depressed patients be-Benedetti F, Colombo C, Barbini B, Campori E, Smeraldi E
fore treating them. Primitively put, rattle the system; (1999): Ongoing lithium treatment prevents relapse after total

- . . sleep deprivationJ Clin Psychopharmacolog$9:240—-245.
chronobiologically expressed, realign unfavorable phase- , , , o
relationships. Benedetti F, Serretti A, Colombo C, Campori E, Barbini B,

- . . . DiBella D, et al (1999): Influence of functional polymor-
Can we link these concepts to classical drug trials in  phism within the promoter of serotonin transporter gene on

depression? A recent metaanalysis of the placebo run-in the effects of total sleep deprivation in bipolar depresston.
period revealed thanymood change during this baseline  J Psychiatry in press.
period was a predictor for more favorable prognosis 6Berger M, Vollmann J, Hohagen F, K@ A, Lohner H,




452 BIOL PSYCHIATRY A. Wirz-Justice and R. Van den Hoofdakker
1999;46:445-453

Voderholzer U, Riemann D (1997): Sleep deprivation com-Giedke H, Geilenkirchen R, Hauser M (1992): The timing of

bined with consecutive sleep phase advance as a fast-acting partial sleep deprivation in depressiaghAff Disord25:117—

therapy in depression: an open pilot trial in medicated and 128.

unmedicated patientém J Psychiatryl54:870—-872. Gill DS, Ketter TA, Post RM (1993): Antidepressant response to
Boivin DB, Czeisler CA, Dijk DJ, Duffy JF, Folkard S, Minors sleep deprivation as a function of time into depressive episode

DS, Totterdell P, Waterhouse JM (1997): Complex interac- in rapidly cycling bipolar patientsActa Psychiatr Scand

tion of the sleep-wake cycle and circadian phase modulates 87:102-109.

m,ood in hgalthy sgbjecmrch Gen Psychlatrﬁ4:1.45—.152. Gordijn MCM, Beersma DGM, Bouhuys AL, Reinink E, Van
Borbdy AA, Wirz-Justice A (1982): Sleep, sleep deprivationand  den Hoofdakker RH (1994): A longitudinal study of diurnal

depressionHuman Neurobiofl:205-210. mood variation in depression; characteristics and signifi-
Borbdy AA, Tononi G (1998): The quest for the essence of  cance.J Affect Disord31:261-273.
sleep.Daedalus127:167-195. Gordijn MCM, Beersma DGM, Bouhuys AL, Korte HJ, Van den

Bouhuys AL, Beersma DGM, Van den Hoofdakker RH (1989):  Hoofdakker RH (1995): A longitudinal study of sleep depri-
Observed behavior as a predictor of the response to sleep vation responses in depression: the variability is highly
deprivation in depressed patienBsychiatry Re28:47—61. related to diurnal mood variabilityActa Neuropsychiatry

Bouhuys AL, Van den Burg W, Van den Hoofdakker RH (1995): 7:58-60.
The relationship between tiredness prior to sleep deprivatiorGordijn MCM, Beersma DGM, Bouhuys AL, Van den Hoofdak-
and the antidepressant response to sleep deprivation in de- ker RH (1998): Mood variability and sleep deprivation effect
pressionBiol Psychiatry37:457—461. as predictors of therapeutic response in depression. In: Beer-

Brunner DP, Dijk DJ, Tobler I, Bordg AA (1990): Effect of sma DGM, Van Bemmel AL, Folgering H, Hofman WF,
partial sleep deprivation on sleep stages and EEG power Ruigt GSF, editorsSleep-Wake Research in the Netherlands
spectra: evidence for nonREM and REM sleep homeostasis. 9:41—44 [details in Chapter 4, PhD. Thesis, University of
Electroenceph clin Neurophysi@b:492—499. Groningen, The Netherlands, 1999].

Colombo C, Benedetti F, Barbini B, Campori E, Smeraldi E Grube M, Hartwich P (1990): Maintenance of antidepressant
(1999): Rate of switch from depression into mania after effect of sleep deprivation with the help of lithiufaur Arch

therapeutic sleep deprivation in bipolar depressisychia- Psychiatry Neurol Sc240:60-61.

try Res86:267-270. Haugh HJ, Stieglitz RD (1990): The amount of diurnal variations
Daan S, Beersma DGM, BorlyeAA (1984): Timing of human of mood (DV) as a marker in endogenous depressed patients.

sleep: recovery process gated by a circadian pacemaked. In: Stefanis C, Soldatos C, Rabavilas A, editd?sychiatry:

Physiol246:R161-R178. A World PerspectiveYol 2. Amsterdam: Excerpta Medica,

Dijk DJ, Duffy JF, Czeisler CA (1992): Circadian and sleep/ PP 900-505.
wake dependent aspects of subjective alertness and cognitivdaug HJ (1992): Prediction of sleep deprivation outcome by

performanceJ Sleep Re4:112-117. dirunal variation of moodBiol Psychiatry31:271-278.
Dinges DF, Douglas SD, Hamarman S, Zaugg L, Kapoor SHemmeter U, Bischof R, Hatzinger M, Seifritz E, Holsboer-

(1995): Sleep deprivation and human immune functiddv Trachsler E (1998): Microsleep during partial sleep depriva-

Neuroimmunob:97-110. tion in depressionBiol Psychiatry43:829—-839.

Ebert D, Feistel H, Barocka A (1991): Effects of sleep depriva-Hiddinga AE, Beersma DGM, Van den Hoofdakker RH (1997):
tion on the limbic system and the frontal lobes in affective  Endogenous and exogenous components in the circadian
disorders: a study with Tcggm HMPAO SPECHsychiatry variation of core body temperature in humadsSleep Res
Res40:247-251. 6:156-163.

Ebert D, Berger M (1998): Neurobiological similarities in Horne J (1991): Dimensions to sleepiness. In: Monk TH, editor.
antidepressant sleep deprivation and psychostimulant use: a Sleep, Sleepiness and PerformanChichester: John Wiley
psychostimulant theory of antidepressant sleep deprivation. & Sons, pp 169—196.

Psychopharmacal40:1-10. ) Kasper S, Mder H-J, editors (1996)Therapeutischer Schlafen-
Elsenga S, Van den Hoofdakker RH (1990): Antidepressant zug: Klinik und WirkmechanismeXienna: Springer Verlag.

medication and total sleep deprivation in depressives. In: . . I ) N
Bunney WE Jr, Hippius H, Laakman G, Schmauss M, editorskugf;’zgﬂizg(_1191%1%)' Sleep deprivation theragiol Psychi

NeuropsychopharmacologyBerlin: Springer Verlag, pp
639—-651. Leibenluft E, Wehr TA (1992): Is sleep deprivation useful in the

Elsenga S, Van den Hoofdakker RH, Dols LCW (1990): Early ~ éatment of depressiorim J Psychiatryl49:159-168.
and late partial sleep deprivation in depression. In: Stefanis CNeumeister A, Goessler R, Lucht M, Kapitany T, Bamas C,
Soldatos C, Rabavilas A, editoBsychiatry: A World Per- Kasper S (1996): Bright light stabilizes the antidepressant
spectiveVol. 2. Amsterdam: Excerpta Medica, pp 374-379.  effect of sleep deprivatiorBiol Psychiatry39:16-21.

Elsenga S (1992): Sleep deprivation and depression. PhD thesieumeister A, Praschak-Rieder N, Hesselmann B, Vitouch O,
University of Groningen, The Netherlands. Rauh M, Barocka A, Tauscher J, Kasper S (1998): Effects of

Fzhndrich E (1988): Chronobiologie der Depression: therapeu- trytophan depletion in drug-free depressed patients who
tische und theoretische Aspekte des Schlafentzuges. In: Wolf- 'esponded to total sleep deprivatiohrch Gen Psychiatry
ersdorf M, Kopittke W, Hole G, editorKlinische Diagnostik 55:167-172.
und Therapie der DepressioRegensburg: Roderer Verlag, Pflug B, Tdle R (1971): Therapie endogener Depressionen durch
pp 126-141. SchlafentzugNervenarzi42:117-124.



Sleep Deprivation in Depression BIOL PSYCHIATRY 453
1999;46:445-453

Prevot E, Maudhuit C, Le Poul E, Hamon M, Adrien J (1996): deprivation in refractory depression. In: Nolen WA, Zohar J,
Sleep deprivation reduces the citalopram-induced inhibition Roose SP, Amsterdam JD, editoRefractory Depression.

of serotoninergic neuronal firing in the nucleus raploesalis Current Strategies and Future Direction€hichester: John
of the rat.J Sleep Re§:238-245. Wiley & Sons, pp 129-142.

Pthringer W, Wirz-Justice A, Hole G (1975): Clinical implica- Van den Hoofdakker RH, Beersma DGM (1988): On the
tions of sleep deprivation therapy in affective disordSisep contribution of sleep-wake physiology to the explanation and
Res4:243. the treatment of depressioActa Psychiat Scand@7(suppl

Quitkin FM, McGrath PJ, Stewart JW, Ocepek-Welikson K,  341):53-71.
Taylor BP, Nunes E, Delivannides D, Agosti V, Donovan SJ, Van den Hoofdakker RH (1997): Total sleep deprivation: clinical
Ross D, Petkova E, Klein DF (1998): Placebo run-in period in  and theoretical aspects. In: Honig AV, Praag HM, editors.
studies of depressive disorde&xit J Psychiatry173:242— Depression: Neurobiological, Psychopathological and Ther-
248. apeutic Advance<Chichester: John Wiley & Sons, pp 564—
Reinink E, Bouhuys AL, Wirz-Justice A, Van den Hoofdakker ~ 589.
RH (1990): Prediction of the antidepressant response to total/oge| GW, Vogel F, McAbee RS, Thurmond AJ (1980):
sleep deprivation by diurnal variation of mooesychiatry Improvement of depression by REM sleep deprivation; new
Res32:113-124. findings and a theoryArch Gen PsychiatrB7:247-253.

Reinink E, Bouhuys AL, Gordijn MCM, Van den Hoofdakker wehr TA (1990): Effects of wakefulness and sleep on depression
RH (1993): Prediction of the antidepressant response to total gnd mania. In: Mountplaisir J, Godbout R, editdBeep and
sleep deprivation of depressed patients: longitudinal versus Biological Rhythms. Basic Mechanisms and Applications to
single day assessment of diurnal mood variatigiol Psy- Psychiatry.New York and Oxford: Oxford University Press,
chiatry 34:471-481. pp 42-86.

Riemann D, Hohagen F, g A, Schwarz B, Gromille J, \ehr TA, Wirz-Justice A (1981): Internal coincidence model for

Voderholzer U, Berger M (1996): Advanced versus normal  sjeep deprivation and depression. In: Koella WP, edSteep
sleep timing: effects on depressed mood after response to 1980 Basel: Karger, pp 26-33.

sleep deprivation in patients with a major depressive disorder, . . . -
J Afprisgrd37:121—p128. J P Wehr TA, Wirz-Justice A, Goodwin FK, Duncan W, Gillin JC

. . . (1979): Phase advance of the circadian sleep wake cycle as an
Riemann D, Kaig A, Hohagen F, Kieman A, Voderholzer U, antidepressanScience206:710—713.

Backhaus J, et al (1999): How to preserve the antidepressant

effect of sleep deprivation: a comparison of sleep phase’/iegand M, Riemann D, Schreiber W, Lauer CJ, Berger M
advance and sleep phase del&ur Arch Psychiatry Clin (1993): Effect of morning and afternoon naps on mood after
Neuroscij in press. total sleep deprivation in patients with major depressiiol

Smeraldi E, Zanardi R, Benedetti F, Di Bella D, Perez J, .Psychl.atry33.467—47§. ) ) )
Catalano M (1998): Polymorphism within the promoter of the Wirz-Justice A (1987): Circadian rhythms in mammalian neuro-
serotonin transporter gene and antidepressant efficacy of transmitter receptors2rog Neurobiol29:219-259.
fluvoxamine.Mol Psychiatry3:508-511. Wirz-Justice A (1995): Biological rhythms in mood disorders. In:

Smeraldi E, Benedetti F, Barbini B, Campori E, Colombo C  Bloom FE, Kupfer DJ, editorsPsychopharmacology: the
(1999): Sustained antidepressant effect of sleep deprivation Fourth Generation of Progresslew York: Raven Press, pp
combined with pindolol in bipolar depression: a placebo- 999-1017.
controlled trial. Neuropsychopharmac@0:380-385. Wu JC, Buchsbaum MS, Gillin JC, Tang C, Cadwell S, Keator

Szuba MP, Baxter LR Jr, Fairbanks LA, Guze BH, Schwartz JM D, et al (1999): Metabolic rates in ventral anterior cingulate
(1991): Effect of partial sleep deprivation on the diurnal and medial prefrontal cortex predict antidepressant effects of
variation of mood and motor activity in major depression.  sleep deprivationAm J Psychiatryin press.

Biol Psychiatry30:817—-829. Wu JC, Bunney WE Jr (1990): The biological basis of an

Szuba MP, Baxter LR Jr, Altshuler LL, Allen EM, Guze BH, antidepressant response to sleep deprivation and relapse;
Schwartz JM, Liston EH (1994): Lithium sustains the acute  review and hypothesisAm J Psychiatryl47:14-21.
antidepressant effects of sleep deprivation: preliminary find-yy jc, Gillin JC, Buchsbaum MS, Hershey T, Johnson JC,
ings from a controlled studyPsychiatry Re$1:283-295. Bunney WE Jr (1992): Effects of sleep deprivation on brain

Van den Burg W, Beersma DGM, Bouhuys AL, Van den  metabolism of depressed patierisn J Psychiatryl49:538 —
Hoofdakker RH (1992): Self-rated arousal concurrent with  543.
the antidepressant response to total sleep deprivation Ofanardi R, Benedetti F, Di Bella D, Catalano M, Smeraldi E
patients \_Nlth a major depressive disorder: a disinhibition (1999): Efficacy of paroxetine in depression is influenced by
hypothesisJ Sleep Red:211-222. a functional polymorphism within the promoter of the sero-

Van den Hoofdakker RH, Gordijn MCM, Kasper S (1994): Sleep  tonin transporter gend. Clin Psychopharmacah press.



