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Sleep deprivation and bright light 

as provocative interventions          

to treat major depression 



Circadian clocks — the fall and rise of physiology. Till Roenneberg & Martha 

Merrow, Nature Reviews Molecular Cell Biology 6, 965-971 (December 2005) 



The ‘core’ circadian clock.  

Brown S A Development 2014;141:3105-3111 





Edward Hopper - Morning Sun - 1952 



Man and his environment 
are inseparable 

• Confirming the classical belief, it is impossible to 
avoid exposure to environmental stimuli that act 
directly on on brain neurotransmitter function and 
the transcription of clock genes.  

• Since the neurotransmitters that undergo circadian 
rhythms (5-HT, DA, NE) are the same that are 
targeted by psychiatric drugs, a strict control of the 
exposure to those stimuli that influence their 
turnover could be recommended in patients affected 
by psychiatric conditions. 



Redfern PH, Martin KF. In: Halaris A (Ed) 

Chronobiology and psychiatric disorders. 

Elsevier 1987: 291-312. 

http://physiol.annualreviews.org/content/vol63/issue1/images/large/ph63_0647_2.jpeg


We have interrogated the 

transcriptional architecture of 

the circadian transcriptional 

regulatory loop on a genome 

scale and find a stereotyped, 

time-dependent pattern of 

transcription factor binding, 

RNA polymerase II (RNAPII) 

recruitment, RNA expression, 

and chromatin states.  

 

Circadian modulation of 

RNAPII recruitment and 

chromatin remodeling occurs 

on a genome-wide scale far 

greater than that seen 

previously by gene expression 

profiling. 



Signaling to and from the core clock.  

Brown S A Development 2014;141:3105-3111 



We cannot avoid exposure to environmental 
stimuli, but we can decide which we prefer: 

• Driven by 
psychopathology 

• At random  

• Controlled by us, 
and with a 
purpose… 



Total annual sunshine was 
negatively and significantly 
associated with suicide 
rate even when 
confounding factors were 
adjusted.  



G W Lambert, C Reid, D M Kaye, 

G L Jennings and M D Esler. 

Effect of sunlight and season on 

serotonin turnover in the brain. 

The Lancet, 360:1840, 2002 





Transcontinental flights 

• Flights from east to west (phase delay) 
cause depression 

• Flights from west to east (phase advance) 
cause mania 

• Jauhar P, Weller MP. Psychiatric morbidity and 
time zone changes: a study of patients from 
Heathrow airport. Br J Psychiatry. 1982 
Mar;140:231-5 

• Young DM. Psychiatric morbidity in travelers to 
Honolulu, Hawaii. Compr Psychiatry. 1995 May-
Jun;36(3):224-8. 
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Wake therapy: Response rates 

• More than two thousand published cases of major 
depression episodes treated with sleep deprivation 
during >50 years 

• Rates of response range: 

– Between 1/3 and 2/3 for unipolar depression 

– Between 2/4 and 3/4 for bipolar depression 

Benedetti et al. Chronotherapeutics in a psychiatric ward. Sleep Med Reviews 2007 

Benedetti & Smeraldi. Neuroimaging and genetics of SD. Curr Pharma design 2009 

Benedetti & Colombo. Sleep deprivation in mood disorders. Neuropsychobiology 2011 

Benedetti. Antidepressant chronotherapeutics for bipolar depression. Dialogues Clin Neurosci. 2012  



Indications 

• Sleep deprivation targets the broadly defined 
depressive syndrome: endogenous, reactive, unipolar, 
bipolar, secondary, and schizoaffective depression; in 
the elderly and in children; secondary to Parkinson’s 
disease or schizophrenia; associated with pregnancy 
and postpartum and premenstrual dysphoric disorder. 
 

• Better effects have been observed in endogenous 
primary depression compared to reactive and/or 
secondary depression, and in the treatment of Bipolar 
Disorder compared to Primary Depressive Disorder. 
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Benedetti et al. (1999) Ongoing lithium treatment prevents relapse after sleep deprivation. Journal of 
Clinical Psychopharmacology, 19(3):240-245 
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 Colombo C, Lucca A, Benedetti F, Barbini B, Campori E, Smeraldi E (2000) Total sleep deprivation 
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effects and interaction. Psychiatry Research, 95(1):43-53. 



Treatment protocol 
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• Rate of response (21-item Hamilton 
Depression Scale score 50% reduction): 

– No drug resistance:   69.7%  

– Resistant:  

• to SSRIs     50.0%  

• to SSRIs and TCAs   41.2% 





Benedetti et al. Rapid treatment response of suicidal symptoms to lithium, sleep 

deprivation, and light therapy (chronotherapeutics) in drug-resistant bipolar depression. 

Journal of Clinical Psychiatry, 2014 75(2):133-40 
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J Clin Psychiatry 2012;73(9):1234-1242 

Klaus Martiny: superiority of chronotherapeutics vs. exercise  
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Light therapy 

• The APA Committee on Research 
on Psychiatric Treatments and a 
Cochrane review concluded that 
light treatment for nonseasonal 
depression is efficacious, with 
effect sizes equivalent to those in 
most antidepressant 
pharmacotherapy trials.  

– Golden et al., Am J Psychiatry 
2005; 162:656 

– Tuunainen et al., Cochrane 
Database Syst Rev 
2004;(2):CD004050 

 

• When combined with standard 
antidepressant drug treatments 
LT hastens recovery, with benefits 
that can be perceived by the 
patients during the first week of 
treatment. 

– Benedetti et al., J Clin Psychiatry. 
2003;64(6):648;  

– Martiny et al., Acta Psychiatr 
Scand. 2005;112:117.  





Benedetti et al, J Clin Psychiatry (2003)  

Wochen der Behandlung 
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Wirz-Justice A, Bader A, Frisch U, Stieglitz RD, Alder J, Bitzer J,  
Hösli I, Jazbec S, Benedetti F, Terman M, Wisner K, Riecher-Rössler A.  

A randomised, double-blind, placebo-controlled study of light 
therapy for antepartum depression.  
      J Clin Psychiatry, in press 





Net benefit 

• At the end of treatment HDRS scores decreased  

– to 31.2% of baseline levels in LT patients 

– to 58.0% in placebo treated patients 

– with a 26.8% net relative advantage of LT over placebo.  

• Remarkably, these values are close to the 27% net 
benefit of bright light (as compared to dim-light 
placebo) observed in early studies 

• Kripke DF. Light treatment for nonseasonal depression: speed, efficacy, 
and combined treatment. J Affect Disord 1998;49:109-117. 

 



1998 studies: efficacy and dose-

response curve of LT for SAD 



       strong response is 
associated with 
phase advances to 
morning light of 
approximately 1.5 to 
2.5 hours, obtained 
at DLMO-to-light 
intervals of 7.5 to 
9.0 hours.  



Correlation of 

Morningness- 

Eveningness (MEQ) 

score and dim light 

melatonin onset 

(DLMO) in a group 

of 69 patients with 

winter depression. 
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Dallaspezia S, Benedetti F, et al. Optimized light therapy for non-seasonal 
major depressive disorder: effects of timing and season.  J Affect Disord, 2012 



East West 

Morning: 15500 lux 

Afternoon: 2700 lux 

Morning: 1400 lux 

Afternoon: 3000 lux 



  Season Number E rooms W rooms t (d.f.) p 

  Whole sample 113 E, 74 W 19.80 ± 9.48 23.47 ± 11.78 2.35 (185) 0.020 

Bipolar     Winter 37 E, 25 W 20.95 ± 10.29 20.96 ± 11.70 0.01 (60) 0,69167 

patients     Spring 30 E, 15 W 19.60 ± 8.20 21.06 ± 9.88 0.53 (43) 0,41667 

      Summer 20 E, 13 W 16.7 ± 7.58 23.92 ± 11.04 2.23 (31) 0.033 

      Fall 26 E, 21 W 20.77 ± 10.86 27.90 ± 12.97 2.05 (45) 0.046 

Benedetti et al. (2001)  

Morning sunlight reduces lenght of hospitalization for bipolar depression.  

Journal of Affective Disorders, 62(3):221-223. 
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earlier evening rise of melatonin 

following a single dawn signal 

KV Danilenko, et al (2000) The human circadian pacemaker can see by the dawn's early light. JBR 15:317-326 



Effect sizes in studies of treatment of SAD with 

dawn simulation. 



Improvement (SIGH-SAD): 

• Bright light 57% 

• Dawn Simulation 50% 

• Dawn Pulse 43% 

• High Density Ions 48% 

• Low Density Ions 23% 

 

Remission (<8) after 3 weeks 

• Bright light 42% 

• Dawn Simulation 33% 

• Dawn Pulse 35% 

• High Density Ions 28% 

• Low Density Ions 17% 

 

The patients were 99 adults (77 women and 22 men) with the winter 

seasonal pattern of major depressive disorder (94 cases) and bipolar II 

disorder (five cases). Five parallel groups received 1) dawn simulation 

(0.0003–250 lux in the pattern of May 5 at 45° north latitude); 2) a 

dawn light pulse (13 minutes, 250 lux, with an illuminant dose of 

3.25×103 luxminutes matched to the simulated dawn); 3) 

postawakening bright light (30 minutes, 10,000 lux); 4) negative air 

ionization at high flow rate (93 minutes, 4.5×1014 ions/second); or 5) 

ionization at low flow rate (93 minutes, 1.7×1011 ions/ second). The 

symptoms were assessed over 3 weeks. 



BRIGHT LIGHT THERAPY 
FOR OTHER CONDITIONS 

• Subsyndromal Seasonal Affective Disorder 

• Premenstrual Dysphoric Disorder 

• Antepartum and Postpartum Major Depressive 
Disorder 

• Bulimia Nervosa 

• ADHD and Adult Attention-Deficit Disorder 

 

• ...and the Healthy, Nonseasonal Population 
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Time courses of 2-hourly self-ratings of mood during wake in a depressed patient 
(Bipolar II, f, 57y) over 20 consecutive days following a 6 hour phase advance of her 
sleep-wake cycle (sleep from 5 p.m. to 1 a.m.). Unpublished data, Wehr and Wirz-
Justice; experimental details in Wehr et al 1979.  



 

 

 

 

 

 

 

 

17:00 –  24:00 19:00 – 02:00 21:00 – 04:00 

 Night 1 

Day 1 Day 2 Day 3 Day 4 

HAM-D 

VAS 

HAM-D 

VAS 

HAM-D 

VAS 

HAM-D 

VAS 

 Night 2  Night 3 

Benedetti et al. Sleep phase advance and lithium to sustain the 

antidepressant effect of total sleep deprivation in bipolar depression: new 

findings sustaining the internal coincidence model?  

 

Journal of Psychiatric Research, 2001 35(6):323-329. 

After a night of sleep deprivation 



Benedetti et al., Journal of Psychiatric Research, 2001 35(6):323-329 



Voderholzer et al.: Is the antidepressive effect of sleep deprivation stabilized 

by a three day phase advance of the sleep period? A pilot study. 

Eur Arch Psychiatry Clin Neurosci 2003; 253: 68–72. 
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Biol Psychiatry. 2013 Apr 1. doi:pii: S0006-3223(13)00187-X. 

10.1016/j.biopsych.2013.02.019. [Epub ahead of print] 



• Evidence in patients with mood disorders suggests a higher level of 
dependence of behavior on the molecular characteristics of the clock.  

• In healthy humans, polymorphic variations in clock genes are weakly 
associated with modest changes of circadian behaviors. The same 
polymorphisms influence core psychopathological features of mood 
disorders, including the lifetime timing of onset and recurrence of illness 
episodes, postpartum depression, and response to treatments .  

• Similar effects of clock gene mutations in model organisms occur in the 
absence of other regulators of circadian rhythmicity, such as melatonin.  
– Shimomura K, Lowrey PL, Vitaterna MH, Buhr ED, Kumar V, Hanna P, et al. 

(2010): Genetic suppression of the circadian Clock mutation by the melatonin 
biosynthesis pathway. Proc Natl Acad Sci U S A. 107:8399-8403. 

• This system structure supports hypotheses of circadian “misalignment” – 
or, more generally, unbalanced relationships between the many 
homeostatic and circadian regulators of biological rhythms in mood illness. 

• In one way or another, all known treatments useful for mood disorders 
target the molecular machinery of the clock, and many molecules in the 
pipeline can pharmacologically target the same endpoints. 
 

 



CLOCK gene rs1801260 

• TC SNP located in the 3’ flanking region of the 
human CLOCK gene (3111 T/C) 

• Healthy human subjects carrying the -3111C allele 
showed a significantly higher evening preference 
on questionnaires about diurnal tendencies, with a 
10- to 44-min delay in preferred timing for activity 
or sleep episodes  
– Katzenberg et al. Sleep. 1998;21(6):569-76. 

• Controversial 
– Robilliard et al, J Sleep Res. 2002;11(4):305-12. 
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• Patients with an adequate 
period of observation (duration 
of illness of at least 5 years) 

• Recurrence index of illness 
(number of illness 
episodes/duration of illness in 
years) for this subset of 
patients (T/T 31; T/C 33; C/C 
5). 

• Recurrence rate in homozygotes 
for the C variant was nearly 
double than in homozygotes for 
the T variant and heterozygotes 
(F =3.87; d.f. =2.66; p =0.026; 
effect size f =0.34). 



Sleep Deprivation in 
Depression: What Do We 
Know, Where Do We Go?  
Biol Psychiatry 1999;46:445 
Anna Wirz-Justice and Rutger 
H. Van den Hoofdakker 



     strong response is 
associated with 
phase advances to 
morning light of 
approximately 1.5 to 
2.5 hours, obtained 
at DLMO-to-light 
intervals of 7.5 to 
9.0 hours.  















Wu et al. , Am J Psychiatry. 1999 156(8):1149-58. 

 

Prediction of antidepressant effects of sleep deprivation by metabolic rates in 

the ventral anterior cingulate and medial prefrontal cortex.                                                    
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Successful antidepressant chronotherapeutics enhances fronto-limbic 

neural responses and connectivity in Bipolar Depression. 
 
Vai et al. (2015)  Psychiatry Research Neuroimaging,  revised paper submitted 



Image taken from: 

Nature Medicine 

(2012) 18, 211–213 

The functional and 

structural coupling of 

amygdala and prefrontal 

cortico-limbic structures 

provide a neural basis for 

the experience and for 

the cognitive control of 

emotions 

The experience 

of emotions 



Decreased effective 

connectivity between 

dorsolateral prefrontal 

cortex and amygdala 

during emotion labeling 

in bipolar disorder.  

Strength of effective 

connectivity between 

ACC-Amy inversely 

correlated with HAM-

D item 3 (suicide)  

(r = −0.45; P = 0.002) 





The mechanism of action of 
chronotherapeutics 

• Despite confirmed evidences about some neurochemical effects of 
antidepressant treatments, there is still an high level of uncertainty 
about which biological changes are needed to recover from a major 
depressive episode.  
 

• Despite the fact that existing literature tends to emphasize the 
specificity of drug actions, conceptualized as the exclusive 
interaction with a single site hypothesized as critically involved in 
the pathogenesis and/or control of depression, many effective 
treatments target several mechanisms and a multi-target approach 
to treatment could overall be better suited for a multi-factorial 
illness such as depression 

 
• Millan MJ. Multi-target strategies for the improved treatment of depressive 

states: Conceptual foundations and neuronal substrates, drug discovery and 
therapeutic application. Pharmacol Ther 2006; 110: 135-370 



Serotonin Noradrenaline 

Thyroid 
hormones 

Clinical effects Neurometabolic changes 

Dopamine 

Glutamate 



Dopamine 

• Changes in the activity of brain DA pathways 
after sleep deprivation include:  

– Enhanced dopamine release & turnover 

– Enhanced D2 receptor occupancy in responders 

– Lower HVA in spinal fluid of responders 

– No evidence of genetic effects  

Ebert D, Berger M. Neurobiological 
similarities in antidepressant sleep 
deprivation and psychostimulant use: a 
psychostimulant theory of antidepressant 
sleep deprivation. Psychopharmacology 
(Berl) 1998; 140: 1-10. 



• Changes in the activity of brain NE pathways after 
sleep deprivation include:  

– Increased synaptic levels of NE in the locus coeruleus 

– Increased synaptic levels of tyrosine hydroxylase in the 
locus coeruleus 

– Increased neuronal levels of NE-transporter mRNA in the 
locus coeruleus,  

– Increased urinary excretion of catecholamine metabolites 

Noradrenaline 

Benedetti et al. Chronotherapeutics in a 

psychiatric ward. Sleep Med Reviews 2007 

Benedetti & Smeraldi. Neuroimaging and 

genetics of SD. Curr Pharma design 2009 



Serotonin 

• Changes in the activity of brain 5-HT pathways after 
sleep deprivation include: 
– an increase in serotonergic neuronal activity in the dorsal 

raphe nucleus,  

– an increase in brain 5-HT turnover,  

– an increase in extracellular 5-HT,  

– an increase in behavioural responsiveness to 5-HT 
precursors  

– a reduction in sensitivity of 5-HT1A inhibitory 
autoreceptors  

Benedetti et al. Chronotherapeutics in a 

psychiatric ward. Sleep Med Reviews 2007 

Benedetti & Smeraldi. Neuroimaging and 

genetics of SD. Curr Pharma design 2009 



....a good candidate to 

counterbalance the 5- 

HTTLPR bias could be 

lithium, which both 

increased the number of 5-

HT transporters in rat 

cerebral cortex6 and 

reduced the functionality of 

5-HT1A 

receptors, possibly by 

alterating the membrane 

environment and disrupting 

the efficacy of the coupling 

of 5-HT1A with G proteins 
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Glutamatergic neurotransmission 

• SD itself alters the circadian ciclicity of 
glutamatergic neurotransmission, and has been 
shown: 

• to modify the expression of NMDA receptor 
subunits 

• Park et al., HJ, Kang WS, Paik JW, Kim JW. Effect of valproic acid 
through regulation of NMDA receptor-ERK signaling in sleep 
deprivation rats. J Mol Neurosci 2012 Jul;47(3):554-558. 

• to reduce NMDA sensitivity  
• Novati et al. Chronic partial sleep deprivation reduces brain 

sensitivity to glutamate N-methyl-D-aspartate receptor-mediated 
neurotoxicity. J Sleep Res 2012 Feb;21(1):3-9. 

 



Plastic changes occurring during wakefulness aid in the 
acquisition and consolidation of memories. For some 
memories, further consolidation requires sleep, but whether 
plastic processes during wakefulness and sleep differ is 
unclear.  
 
We show that, in rat cortex and hippocampus, GluR1-
containing AMPA receptor (AMPAR) levels are high during 
wakefulness and low during sleep, and changes in the 
phosphorylation states of AMPARs, CamKII and GSK3b are 
consistent with synaptic potentiation during wakefulness and 
depression during sleep.  
 
Furthermore, slope and amplitude of cortical evoked 
responses increase after wakefulness, decrease after sleep 
and correlate with changes in slow-wave activity, a marker of 
sleep pressure. Changes in molecular and electrophysiological 
indicators of synaptic strength are largely independent of the 
time of day. Finally, cortical long-term potentiation can be 
easily induced after sleep, but not after wakefulness.  
 
Thus, wakefulness appears to be associated with net synaptic 
potentiation, whereas sleep may favor global synaptic 
depression, thereby preserving an overall balance of 
synaptic strength. 



Tononi and Cirelli, Sleep Med Rev 2006 

Synaptic homeostasis hypothesis 

(SWA) 



TMS/EEG 

 

Massimini M, Ferrarelli F, Huber R, Esser SK, Singh H, Tononi G. 

Breakdown of cortical effective connectivity during sleep.  

Science. 2005 Sep 30;309(5744):2228-32. 

wake sleep 



TMS/hd-EEG to measure  
cortical excitability in humans 

Huber R, Maki H, Rosanova M, Casarotto S, Canali P, 

Casali AG, et al. (2013): Human cortical excitability 

increases with time awake. Cereb Cortex. 23:332-338. 



Changes of cortical excitability as biomarkers of 

antidepressant response in bipolar depression. 
Paola Canali, Giovanna Sferrazza Papa, Adenauer G. Casali, Matteo Fecchio, Andrea Pigorini, Giandomenico 
Schiena, Enrico Smeraldi, Cristina Colombo, Francesco Benedetti. Bipolar Disorders, 2014 Dec;16(8):809-19 
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Sleep has a critical function in ensuring 

metabolic homeostasis, and is associated 

with a 60% increase in the interstitial 

space, resulting in a striking increase in 

convective exchange of cerebrospinal fluid 

with interstitial fluid. 
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Thank you very much for your attention! 
 

benedetti.francesco@hsr.it 


