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Addressing circadian rhythm
disturbances in depressed patients

RW Lam Division of Clinical Neuroscience, Department of Psychiatry, University of British Columbia, Vancouver, BC, Canada.

Abstract

Desynchronisation of normal circadian rhythms, including the sleep–wake
rhythm, is common in major depressive disorder (MDD). The association
between sleep disturbances and depression has long been recognised.
Disturbed sleep is a diagnostic criterion for MDD, and insomnia commonly
precedes the onset of symptomatic mood disorders. Disruptions of the
sleep–wake cycle (sleep architecture and timing) are residual symptoms
that may prevent the attainment of high-quality remission and delay
recovery from MDD. Therefore, early recognition and treatment of sleep
disturbances may be important for the treatment and prevention of
recurrent depression. Evidence suggests that melatonergic (MT1 and MT2)
and the 5-HT2C serotonergic receptor subtypes are important modulators of
circadian rhythmicity. Agomelatine is the first melatonergic
antidepressant; an agonist of melatonin MT1 and MT2 receptors, with

additional antagonist properties at the 5-HT2C receptors. Agomelatine
combines antidepressant efficacy including quality and efficiency of sleep,
with a more favourable side-effect profile than current antidepressant
treatments, including neutral effects on sexual function, bodyweight and
the absence of discontinuation symptoms. These positive features provide
a novel approach to the treatment of depression and the attainment of
high-quality remission in MDD.
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Introduction

There is increasing attention to the role of biological rhythms
in the pathophysiology of major depressive disorder (MDD)
(McClung, 2007). Disturbances of normal circadian rhythms
including variations in the sleep–wake cycle are known to pow-
erfully influence mood, and it is well established that sleep dis-
turbances and circadian rhythm abnormalities are linked (Van
Cauter and Turek, 1986; van Bemmel, 1997). The association
between sleep disturbances and depression is recognised by the
inclusion of disturbed sleep as one of the nine diagnostic crite-
ria for major depressive episodes of the Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-IV) (American Psy-
chiatric Association, 2000). Additionally, insomnia commonly
precedes the onset of mood disorder symptoms (Ohayon and
Roth, 2003), and sleep disturbance and other symptoms are
strong predictors of future depression (Ford and Kamerow,
1989; Breslau, et al., 1996; Lustberg and Reynolds, 2000;
Roberts, et al., 2000; Riemann and Voderholzer, 2003). Thus,
early recognition and treatment of disturbances of the sleep–
wake cycle may be important for treatment and prevention of
recurrent depression. In this article, we will examine the inter-
linked relationship of circadian rhythm disorders and depres-

sion, address the issues of remission, relapse and recurrence in
MDD and consider how high-quality remission may be
achieved in patients with MDD.

Circadian rhythm dysfunction in depressed
patients

A core biological clock mechanism, residing in the suprachias-
matic nucleus (SCN) within the anterior hypothalamus, regu-
lates circadian rhythms in the brain and body of mammals.
The periodicity of these endogenous rhythms is continuously
synchronised or entrained by environmental signals, primarily
the light–dark cycle. A major non-photic regulatory pathway
for the SCN is the hormone melatonin, originating from the
pineal gland. Melatonergic receptors and 5-HT2C receptors,
located in the SCN are modulators of SCN function and rhyth-
micity. The stability of internal and external phase relation-
ships is hypothesised to be essential for a stable ‘normal’
mood state. Consequently, desynchronisation of internal circa-
dian rhythms with the external world may result in mood fluc-
tuation and contribute to a chronobiological susceptibility to
depression. Many diverse rhythms are disrupted in depressed
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patients, including the 24-h profiles of cortisol, prolactin, mel-
atonin, growth hormone, norepinephrine, 3-methoxy-4-
hydroxyphenylglycol (MHPG), thyrotropin and body tempera-
ture (Linkowski, et al., 1985; Mendlewicz, et al., 1985; Van
Cauter and Turek, 2000; Koenigsberg, et al., 2004). There are
also characteristic disturbances of sleep architecture and tim-
ing, including early emergence of rapid eye movement (REM)
sleep and lower slow wave activity during non-REM (NREM)
sleep (Van Cauter and Turek, 2000; Staner, et al., 2003; Lopes,
et al., 2008). Clinical findings such as these suggest that desyn-
chronisation of internal rhythms plays an important role in the
pathophysiology of depressive disorders, and, as a corollary,
that resetting circadian rhythms may have an antidepressant
effect. Resynchronisation of disturbed circadian rhythms and
normalisation of disrupted sleep–wake cycles would be highly
desirable features in addition to primary antidepressant activity
in the clinical management of depression.

Pharmacology of agomelatine and circadian
function

Agomelatine is a new antidepressant with an innovative phar-
macological profile. It is the first melatonergic antidepressant,
and is an agonist of melatonin MT1 and MT2 receptors and, in
addition, has antagonist properties at the 5-HT2C receptors
(Millan, et al., 2003; Audinot, et al., 2003). A high concentra-
tion of melatonergic and serotonergic receptors, responsible for
the modulation of biological rhythms via melatonin and 5-HT,
respectively, has been identified in the SCN (Pickard and Rea,
1997; von Gall, et al., 2002). The expression of MT1 receptors
has been shown to have diurnal rhythmicity, regulated by light
and the internal clock (Masana, et al., 2000), whereas the
expression for mRNA of 5-HT2C, but not 5-HT1a or 5-HT2a
receptors, has a circadian rhythm pattern (Holmes, et al.,
1995). Circadian rhythmicity also has been reported for MT1

and 5-HT2C receptors in mammals (Holmes, et al., 1995;
Masana, et al., 2000). Agomelatine has a high affinity at
human MT1 and MT2 and 5-HT2C receptors (Audinot, et al.,
2003; Millan, et al., 2003). Preclinical investigation has shown
agomelatine to have notable dose-related chronobiotic activity,
resynchronising disrupted circadian rhythms in animal models
(Armstrong, et al., 1993; Martinet, et al., 1996).

Remission, relapse and recurrence in MDD

Remission, defined as minimal depressive symptoms (typically
a score within the normal range on a depression rating scale),
has become the accepted goal of acute and maintenance treat-
ment for MDD (Rush, et al., 2006). This definition has increas-
ingly replaced response, a clinically meaningful degree of
symptom reduction (typically a ≥50% reduction in baseline
severity as measured by rating scales), as a primary outcome
measure in clinical trials. High-quality remission implies that
patients are asymptomatic, with no or only minimal residual

symptoms, and a full restoration of day-to-day functioning
and quality of life. If the period of remission continues for at
least 4 months without a relapse of symptoms, the American
College of Neuropsychopharmacology (ACNP) Task Force
considers that recovery has been achieved (Rush, et al., 2006).

Epidemiological and clinical evidence showing treatment to
full remission is a strong predictor of prolonged time to relapse
or recurrence of MDD suggests that preventing repeat depres-
sive episodes from occurring in the first place may be a more
effective strategy than delaying treatment until relapse or recur-
rence occurs (Nierenberg, et al., 2003). The presence of residual
symptoms strongly predicts subsequent early relapse (the return
of symptoms before recovery has been achieved) (Paykel, et al.,
1995; Judd, et al., 1998), and up to 85% of recovered patients
will have a recurrence (the development of a new major depres-
sive episode following recovery) within 15 years (Mueller,
et al., 1999). Residual symptoms were associated with early
relapse of 76% over 10 months in one study (Paykel, et al.,
1995), compared with 25% in those with full remission. In
another prospective study with 10 years of follow-up, patients
with residual symptoms relapsed over threefold faster than
those with asymptomatic recovery (Judd, et al., 1998). The
importance of achieving full remission is highlighted by several
other studies that show residual symptoms are associated with
early relapse (Faravelli, et al., 1986; Cornwall and Scott, 1997;
Van Londen, et al., 1998; Pintor, et al., 2003).

However, although remission is the first step to achieve full
recovery, maintenance therapy is generally necessary because,
without long-term treatment, most patients will eventually
experience relapse or recurrence (Judd, et al., 1998; Mueller,
et al., 1999; Solomon, et al., 2000; Geddes, et al., 2003). Sys-
tematic review of pooled data from 31 randomised trials
(4410 participants) found that continuing antidepressant treat-
ment reduced the risk of relapse by over 50% (Geddes, et al.,
2003). The benefits of continued treatment persisted for up to
3 years; the mean rate of relapse with active treatment was 18%
compared with 41% with placebo (Geddes, et al., 2003).

An ideal antidepressant should combine high short-term
clinical efficacy for acute phase treatment with good long-
term efficacy and tolerability for the maintenance phase. How-
ever, despite the widespread use of newer antidepressants such
as the SSRIs and serotonin–norepinephrine reuptake inhibitors
(SNRIs), the management of MDD remains suboptimal, and
there are continuing concerns about side effects of treatment.
The STAR*D trial in a large, representative group of outpati-
ents with MDD showed that one-third of patients do not
achieve remission, despite up to four sequential treatment
steps including SSRIs, SNRIs and combination therapy (Rush,
et al., 2006). In STAR*D, 16–30% of patients at each treat-
ment level experienced intolerable side effects leading to treat-
ment withdrawal. Gastrointestinal disturbances, nausea and
vomiting, weight gain, sexual dysfunction and discontinuation
effects are well-established side effects of SSRIs and SNRIs
(Vanderkooy, et al., 2002). Furthermore, many antidepres-
sants, including SSRIs and SNRIs, can interfere with sleep
(Mayers and Baldwin, 2005). This is of clinical concern because
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sleep disturbances and fatigue, the most common residual
symptom remaining after remission, can reduce the quality of
remission and impair recovery (Nierenberg, et al., 1999). In
particular, tricyclic antidepressants, although improving sleep
continuity, can markedly reduce REM sleep and may cause
sedation and daytime sleepiness (Mayers and Baldwin, 2005).
SSRIs and SNRIs also suppress REM sleep and can impair
sleep continuity, and are often reported to cause insomnia
and/or reduced daytime alertness (Mayers and Baldwin,
2005). Clearly, there is an unmet need for an effective antide-
pressant with a favourable tolerability profile, to facilitate
short-term and long-term adherence important to the attain-
ment of remission and recovery.

In placebo-controlled clinical studies, agomelatine at a dose
of 25–50 mg/day has been shown to be effective in treating
MDD (Lôo, et al., 2002; Kennedy and Emsley, 2006; Olié
and Kasper, 2007). Agomelatine also is very well tolerated,
with an adverse events profile similar to placebo (Zupancic
and Guilleminault, 2006). The novel mechanism of antidepres-
sant activity of agomelatine and the potential for regulation of
the sleep–wake cycle through synergy of action at melatonergic
MT1 and MT2 receptors and 5-HT2C serotonergic receptors in
the SCN may result in better quality of remission and
improved adherence to antidepressant treatment to maximise
the achievement of recovery.

Quality of remission with the melatonergic
antidepressant agomelatine

The efficacy of agomelatine in MDD was proven in three
short-term, placebo-controlled trials (Lôo, et al., 2002; Ken-
nedy and Emsley, 2006; Olié and Kasper, 2007). The standard
dose of agomelatine 25 mg/day was shown to be significantly
more effective than placebo in reducing Hamilton Depression
Rating Scale (HAMD) scores during 6–8 weeks of treatment.
Additional clinical benefits were observed in cases of insuffi-
cient improvement when the dose was increased to 50 mg/day
(Lôo, et al., 2002; Kennedy and Emsley, 2006). In one trial that
used a stringent definition of remission (HAMD ≤6), 30.4% of
patients achieved remission with agomelatine 25 mg compared
with 15.4% with placebo (P < 0.01) (Lôo, et al., 2002), suggest-
ing that agomelatine has good potential for providing high-
quality remission. Of interest, the remission rate with the com-
parator in this study, the SSRI paroxetine 20 mg/day, was
25.7%. Agomelatine has similar antidepressant efficacy to the
SNRI venlafaxine (Kennedy and Guilleminault, 2006;
Lemoine, et al., 2007), and one study reports percentages of
patients with remission after 12 weeks of 73% and 66.9%,
respectively, in the agomelatine and venlafaxine groups (Ken-
nedy, 2007).

Severe depression is associated with greater suffering and a
higher level of social and occupational impairment, and achiev-
ing high-quality remission can be especially difficult in patients
with severe depression (Nemeroff, 2007). Pooled analysis of the
three pivotal placebo-controlled trials in MDD show that ago-

melatine at a dose of 25–50 mg is particularly effective in com-
parison with placebo, for treating severe depression
(HAMD ≥ 25) (Montgomery and Kasper, 2007). There was
an increasing magnitude of difference from placebo with
increasing severity of baseline depression, rising from 2.06
points on the HAMD for the subgroup with baseline HAMD
22–25 to 4.45 points for patients with baseline HAMD >30.
This severity-related treatment effect has also been reported
for the SSRI escitalopram (but not citalopram) (Lam and
Andersen, 2006) and for the SNRI venlafaxine given at high
doses (Guelfi, et al., 1995) and duloxetine (Shelton, et al.,
2007).

Other positive features of agomelatine may contribute to
high-quality remission. As a melatonergic agonist and 5-HT2C

antagonist, agomelatine could be expected to have a beneficial
regulatory effect on the sleep–wake cycle. Indeed, treatment
with agomelatine improved sleep continuity and quality in an
open polysomnographic study of agomelatine 25 mg/day in
patients with MDD (Quera Salva, et al., 2007). Treatment
with agomelatine normalised the distribution of slow-wave
sleep activity while preserving REM sleep. The regulation of
sleep architecture occurred very early during treatment; with
sleep efficiency increasing and the duration of stages 3–4
decreasing progressively throughout the first four sleep cycles
from day 7 (Figure 1) (Quera Salva, et al., 2007). The improve-
ments in sleep were accompanied by improvements in daytime
alertness. These results were in line with those of a large
double-blind study that used the Leeds Sleep Evaluation Ques-
tionnaire (LSEQ) to assess the subjective quality of sleep of
patients receiving agomelatine or venlafaxine and visual ana-
logue scales to evaluate alertness during the day (Lemoine,

Figure 1 Distribution of slow-wave sleep (median duration of stages 3–4)
during the first four sleep cycles of each visit in patients with MDD receiving
agomelatine 25 mg/day. Reproduced from Maria-Antonia Quera Salva,
Bernard Vanier, Judith Laredo, Sarah Hartley, Florian Chapotot et al. Major
depressive disorder, sleep EEG and agomelatine: an open label study. 2007
The International Journal of Neuropsychopharmacology with permission from
Cambridge University Press.
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et al., 2007). Subjective sleep and daytime condition improved
earlier (as soon as the first week of treatment) and to a greater
extent with agomelatine than with venlafaxine. The improve-
ment in sleep was rapidly apparent with agomelatine, and the
difference in LSEQ score between treatments was significant
after 1 week and continued throughout the 6-week treatment
period (Lemoine, et al., 2007). Scores for ‘getting to sleep eas-
ier’, ‘getting to sleep quicker’, quality of sleep and ease of
awakening were all significantly better with agomelatine, sug-
gesting that agomelatine improves the symptoms of depression
and regulates sleep without sedative effects, contributing to
improved quality of life and contributing to an improved qual-
ity of remission (Figure 2). Agomelatine’s clinical benefits com-
pared with SSRIs relating to the early regulation of the sleep–
wake cycle and daytime alertness are currently under
investigation.

Further investigation of the impact of agomelatine on the
sleep of patients with MDD has been undertaken using poly-
somnography to analyse the cyclic alternating pattern (CAP) in
NREM sleep (Lopes, et al., 2008). The CAP is a visual scoring
pattern that allows for an analysis of the electrocortical events
distinguishable from background electroencephalographic
(EEG) rhythms, allowing a more in-depth analysis of NREM
sleep than conventional sleep staging methods. A significant
decrease from baseline in CAP rate, time and cycle after 7
and 42 nights of treatment was observed. Changes in NREM
sleep paralleled subjective reports of better sleep and better
mood. When CAP rate, CAP time and distribution of CAP
phases A at day 42 were analysed, there were no significant
differences between controls and patients with MDD, suggest-
ing that agomelatine normalises NREM sleep in depressed
patients.

Conclusion

Agomelatine is the first melatonergic antidepressant, with a
mechanism of action comprising agonistic activity at melatonin
MT1 and MT2 receptors and antagonistic properties at the
5-HT2C receptors. It has a reported efficacy in MDD and has
also been shown to be effective in treating severe depression.
Early indications of resynchronisation of disrupted circadian
rhythms, including the sleep–wake cycle by agomelatine may
contribute to high-quality remission in patients with MDD.
Combined with an excellent tolerability and safety profile, ago-
melatine may offer a valuable option for the short-term and
long-term management of MDD.

Acknowledgements/declarations of interest
Dr Lam is on speaker/advisory boards for, or has received research
grants from: ANS, Inc., AstraZeneca, BrainCells, Inc., Biovail, Cana-
dian Institutes of Health Research, Canadian Network for Mood and
Anxiety Treatments, Eli Lilly, GlaxoSmithKline, Janssen, Litebook
Company, Ltd, H. Lundbeck A/S, Sanofi-Aventis, Servier, VGH and
UBC Hospital Foundation, and Wyeth.

Editorial assistance for the preparation of this article was provided
by Ray Hill. This assistance was funded by Servier.

The supplement that this article appears in was produced with an
educational grant from Servier. Dr Lam received a fee from Servier for
his work on this supplement.

References
American Psychiatric Association (2000) Diagnostic and Statistical

Manual of Mental Disorders DSM-IV-TR, Fourth ed. (Text Revi-
sion) Washington, DC: APA.

Armstrong, SM, McNulty, OM, Guardiola-Lemaitre, B, Redman, JR
(1993) Successful use of S20098 and melatonin in an animal model
of delayed sleep-phase syndrome (DSPS). Pharmacol Biochem
Behav 46: 45–49.

Audinot, V, Mailliet, F, Lahaye-Brasseur, C, Bonnaud, A, Le Gall, A,
Amossé, C, et al. (2003) New selective ligands of human cloned
melatonin MT1 and MT2 receptors. Naunyn Schmiedebergs Arch
Pharmacol 367: 553–561.

Figure 2 Time course of Leeds Sleep Evaluation Questionnaire (LSEQ)
‘Getting to Sleep’ Scores (A) and Daytime Sleepiness Visual Analogue Scale
Scores (B), in patients with MDD treated with agomelatine or venlafaxine.
Modified from Lemoine P, Guilleminault C and Alvarez E. Improvement in
subjective sleep in major depressive disorder with a novel antidepressant,
agomelatine: randomized, double-blind comparison with venlafaxine. 2007
The Journal of Clinical Psychiatry with permission from Physicians
Postgraduate Press, Inc.

16 Circadian rhythm disturbances in MDD

 at University of British Columbia Library on November 21, 2014jop.sagepub.comDownloaded from 

http://jop.sagepub.com/


Breslau, N, Roth, T, Rosenthal, L, Andreski, P (1996) Sleep distur-
bance and psychiatric disorders: a longitudinal epidemiological
study of young adults. Biol Psychiatry 39: 411–418.

Cornwall, PL, Scott, J (1997) Partial remission in depressive disorders.
Acta Psychiatr Scand 95: 265–271.

Faravelli, C, Ambonetti, A, Pallanti, S, Pazzagli, A (1986) Depressive
relapses and incomplete recovery from index episode. Am J Psychi-
atry 143: 888–891.

Ford, DE, Kamerow, DB (1989) Epidemiologic study of sleep distur-
bances and psychiatric disorders. An opportunity for prevention.
JAMA 262: 1479–1484.

Geddes, JR, Carney, SM, Davies, C, Furukawa, TA, Kupfer, DJ,
Frank, E, et al. (2003) Relapse prevention with antidepressant
drug treatment in depressive disorders: a systematic review. Lancet
361: 653–661.

Guelfi, JD, White, C, Hackett, D, Guichoux, JY, Magni, G (1995)
Effectiveness of venlafaxine in patients hospitalized for major
depression and melancholia. J Clin Psychiatry 56: 450–458.

Holmes, MC, French, KL, Seckl, JR (1995) Modulation of serotonin
and corticosteroid receptor gene expression in the rat hippocampus
with circadian rhythm and stress. Brain Res Mol Brain Res 28:
186–192.

Judd, LL, Akiskal, HS, Maser, JD, Zeller, PJ, Endicott, J, Coryell, W,
et al. (1998) Major depressive disorder: a prospective study of resid-
ual subthreshold depressive symptoms as predictor of rapid relapse.
J Affect Disord 50: 97–108.

Judd, LL, Akiskal, HS, Maser, JD, Zeller, PJ, Endicott, J, Coryell, W,
et al. (1998) A prospective 12-year study of subsyndromal and syn-
dromal depressive symptoms in unipolar major depressive disor-
ders. Arch Gen Psychiatry 55: 694–700.

Kennedy, SH (2005) Sexual function in remitted depressed patients fol-
lowing agomelatine and venlafaxine XR treatment. Eur Neuropsy-
chopharmacol 15 (Suppl. 3): S440[abstract].

Kennedy, SH (2006) Favorable sexual profile of agomelatine in
depressed patients. Eur Neuropsychopharmacol 16 (Suppl. 4):
S319[abstract].

Kennedy, SH, Emsley, R (2006) Placebo-controlled trial of agomela-
tine in the treatment of major depressive disorder. Eur Neuropsy-
chopharmacol 16: 93–100.

Kennedy, SH, Guilleminault, C (2006) Antidepressant efficacy of ago-
melatine 25–50 mg versus venlafaxine 75–150 mg: two randomized,
double blind studies. [abstract]Eur Neuropsychopharmacol 16
(Suppl. 4): 319–320.

Kennedy, SH (2007) Agomelatine: an antidepressant with a novel
mechanism of action. Future Neurol 2: 145–151.

Koenigsberg, HW, Teicher, MH, Mitropoulou, V, Navalta, C, New,
AS, Trestman, R, et al. (2004) 24-h monitoring of plasma norepi-
nephrine, MHPG, cortisol, growth hormone and prolactin in
depression. J Psychiatr Res 38: 503–511.

Lam, RW, Andersen, HF (2006) The influence of baseline severity on
efficacy of escitalopram and citalopram in the treatment of major
depressive disorder: an extended analysis. Pharmacopsychiatry 39:
180–184.

Lemoine, P, Guilleminault, C, Alvarez, E (2007) Improvement in sub-
jective sleep in major depressive disorder with a novel antidepres-
sant, agomelatine: randomized, double-blind comparison with ven-
lafaxine. J Clin Psychiatry 68: 1723–1732.

Linkowski, P, Mendlewicz, J, Leclercq, R, Brasseur, M, Hubain, P,
Golstein, J, et al. (1985) The 24-hour profile of adrenocorticotropin
and cortisol in major depressive illness. J Clin Endocrinol Metab
61: 429–438.

Lôo, H, Hale, A D’haenen, H (2002) Determination of the dose of
agomelatine, a melatoninergic agonist and selective 5-HT(2C)
antagonist, in the treatment of major depressive disorder: a
placebo-controlled dose range study. Int Clin Psychopharmacol
17: 239–247.

Lopes, MC, Quera-Salva, MA, Guilleminault, C (2008) Non-REM
sleep instability in patients with major depressive disorder: subjec-
tive improvement and improvement of non-REM sleep instability
with treatment (Agomelatine). Sleep Med 9: 33–41.

Lustberg, L, Reynolds, CF (2000) Depression and insomnia: questions
of cause and effect. Sleep Med Rev 4: 253–262.

Martinet, L, Guardiola-Lemaitre, B, Mocaer, E (1996) Entrainment of
circadian rhythms by S-20098, a melatonin agonist, is dose and
plasma concentration dependent. Pharmacol Biochem Behav 54:
713–718.

Masana, MI, Benloucif, S, Dubocovich, ML (2000) Circadian rhythm
of MT1 melatonin receptor expression in the suprachiasmatic
nucleus of the C3H/HeN mouse. J Pineal Res 28: 185–192.

Mayers, AG, Baldwin, DS (2005) Antidepressants and their effect on
sleep. Hum Psychopharmacol 20: 533–559.

McClung, CA (2007) Circadian genes, rhythms and the biology of
mood disorders. Pharmacol Ther 114: 222–232.

Mendlewicz, J, Linkowski, P, Kerkhofs, M, Desmedt, D, Golstein, J,
Copinschi, G, et al. (1985) Diurnal hypersecretion of growth hor-
mone in depression. J Clin Endocrinol Metab 60: 505–512.

Millan, MJ (2005) Serotonin 5-HT2C receptors as a target for the treat-
ment of depressive and anxious states: focus on novel therapeutic
strategies. Therapie 60: 441–460.

Millan, MJ, Gobert, A, Lejeune, F, Dekeyne, A, Newman-Tancredi,
A, Pasteau, V, et al. (2003) The novel melatonin agonist agomela-
tine (S20098) is an antagonist at 5-hydroxytryptamine2C receptors,
blockade of which enhances the activity of frontocortical dopami-
nergic and adrenergic pathways. J Pharmacol Exp Ther 306: 954–
964.

Montgomery, SA, Kasper, S (2007) Severe depression and antidepres-
sants: focus on a pooled analysis of placebo-controlled studies on
agomelatine. Int Clin Psychopharmacol 22: 283–291.

Mueller, TI, Leon, AC, Keller, MB, Solomon, DA, Endicott, J,
Coryell, W, et al. (1999) Recurrence after recovery from major
depressive disorder during 15 years of observational follow-up.
Am J Psychiatry 156: 1000–1006.

Nemeroff, CB (2007) The burden of severe depression: a review of
diagnostic challenges and treatment alternatives. J Psychiatr Res
41: 189–206.

Nierenberg, AA, Keefe, BR, Leslie, VC, Alpert, JE, Pava, JA,
Worthington, JJ, et al. (1999) Residual symptoms in depressed
patients who respond acutely to fluoxetine. J Clin Psychiatry 60:
221–225.

Nierenberg, AA, Petersen, TJ, Alpert, JE (2003) Prevention of relapse
and recurrence in depression: the role of long-term pharmacother-
apy and psychotherapy. J Clin Psychiatry 64 (Suppl. 15): 13–17.

Ohayon, MM, Roth, T (2003) Place of chronic insomnia in the course
of depressive and anxiety disorders. J Psychiatr Res 37: 9–15.

Olié, JP, Kasper, S (2007) Efficacy of agomelatine, a MT1/MT2 recep-
tor agonist with 5-HT2C antagonistic properties, in major depres-
sive disorder. Int J Neuropsychopharmacol 10: 661–673.

Paykel, ES, Ramana, R, Cooper, Z, Hayhurst, H, Kerr, J, Barocka, A
(1995) Residual symptoms after partial remission: an important
outcome in depression. Psychol Med 25: 1171–1180.

Circadian rhythm disturbances in MDD 17

 at University of British Columbia Library on November 21, 2014jop.sagepub.comDownloaded from 

http://jop.sagepub.com/


Pickard, GE, Rea, MA (1997) Serotonergic innervation of the hypo-
thalamic suprachiasmatic nucleus and photic regulation of circa-
dian rhythms. Biol Cell 89: 513–523.

Pintor, L, Gasto, C, Navarro, V, Torres, X, Fañanas, L (2003)
Relapse of major depression after complete and partial remission
during a 2-year follow-up. J Affect Disord 73: 237–244.

Quera Salva, MA, Vanier, B, Laredo, J, Hartley, S, Chapotot, F,
Moulin, C, et al. (2007) Major depressive disorder, sleep EEG
and agomelatine: an open-label study. Int J Neuropsychopharma-
col 10: 691–696.

Riemann, D, Voderholzer, U (2003) Primary insomnia: a risk factor to
develop depression. J Affect Disord 76: 255–259.

Roberts, RE, Shema, SJ, Kaplan, GA, Strawbridge, WJ (2000) Sleep
complaints and depression in an aging cohort: a prospective per-
spective. Am J Psychiatry 157: 81–88.

Rush, AJ, Kraemer, HC, Sackeim, HA, Fava, M, Trivedi, MH,
Frank, E, et al. (2006) Report by the ACNP Task Force on
response and remission in major depressive disorder. Neuropsycho-
pharmacology 31: 1841–1853.

Rush, AJ, Trivedi, MH, Wisniewski, SR, Nierenberg, AA, Stewart,
JW, Warden, D, et al. (2006) Acute and longer-term outcomes in
depressed outpatients requiring one or several treatment steps: a
STAR*D report. Am J Psychiatry 163: 1905–1917.

Shelton, RC, Andorn, AC, Mallinckrodt, CH, Wohlreich, MM,
Raskin, J, Watkin, JG, et al. (2007) Evidence for the efficacy of
duloxetine in treating mild, moderate, and severe depression. Int
Clin Psychopharmacol 22: 348–355.

Solomon, DA, Keller, MB, Leon, AC, Mueller, TI, Lavori, PW, Shea,
MT, et al. (2000) Multiple recurrences of major depressive disor-
der. Am J Psychiatry 157: 229–233.

Staner, L, Cornette, F, Maurice, D, Viardot, G, Le Bon, O, Haba, J,
et al. (2003) Sleep microstructure around sleep onset differentiates
major depressive insomnia from primary insomnia. J Sleep Res 12:
319–330.

van Bemmel, AL (1997) The link between sleep and depression: the
effects of antidepressants on EEG sleep. J Psychosom Res 42:
555–564.

Van Cauter, E, Turek, FW (1986) Depression: a disorder of timekeep-
ing. Perspect Biol Med 29: 510–519.

Van Cauter, E, Turek, FW (2000) Roles of sleep-wake and dark-light
cycles in the control of endocrine, metabolic, cardiovascular and
cognitive function. In: McEwen, BS, (ed), Section 7: The Endocrine
system. Handbook of Physiology. New York: Oxford University
Press, pp. 313–330.

Van Londen, L, Molenaar, RP, Goekoop, JG, Zwinderman, AH,
Rooijmans, HG (1998) Three- to 5-year prospective follow-up of
outcome in major depression. Psychol Med 28: 731–735.

Vanderkooy, JD, Kennedy, SH, Bagby, RM (2002) Antidepressant
side effects in depression patients treated in a naturalistic setting:
a study of bupropion, moclobemide, paroxetine, sertraline, and
venlafaxine. Can J Psychiatry 47: 174–180.

von Gall, C, Stehle, JH, Weaver, DR (2002) Mammalian melatonin
receptors: molecular biology and signal transduction. Cell Tissue
Res 309: 151–162.

Zupancic, M, Guilleminault, C (2006) Agomelatine: a preliminary
review of a new antidepressant. CNS Drugs 20: 981–992.

18 Circadian rhythm disturbances in MDD

 at University of British Columbia Library on November 21, 2014jop.sagepub.comDownloaded from 

http://jop.sagepub.com/

