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Resumo

Introducgdo: A depressdo é uma patologia frequente na populagdo e esta associada a elevadas
taxas de incapacidade, faltando opg¢des terapéuticas de atuagdo rapida para o seu tratamento.
A cronoterapia ¢ um procedimento ndo invasivo que reduz os sintomas depressivos mais
precocemente do que os farmacos antidepressivos convencionais, mas a sua eficacia ndo esta
ainda estabelecida. O objetivo desta revisao foi avaliar a eficicia da cronoterapia na reducao

de sintomas depressivos a curto e longo prazo.

Meétodos: Realizamos uma pesquisa na literatura em trés bases de dados online: PubMed,
Web Of Science e Science Direct, usando o algoritmo de pesquisa: “chronotherapy AND
(‘depressive disorder’ OR 'depression’ OR ‘bipolar disorder' OR 'mood disorder')”. Incluimos
12 estudos que recrutaram um total de 562 doentes com Distirbio Depressivo Major ou um

episodio depressivo na Perturbagdo Bipolar.

Resultados: Os doze estudos incluidos usaram diferentes procedimentos de cronoterapia
combinada. Foram administradas combinagdes variadas de privagao de sono total, terapia de
luz, avango da fase de sono, privacdo de sono parcial e privacdo de ondas de sono lentas.
Foram utilizados grupos de controlo em quatro estudos, e nos restantes oito utilizaram-se
apenas grupos de interven¢do. Os sintomas depressivos foram avaliados usando
exclusivamente escalas baseadas em entrevistas. A maioria dos estudos utilizou versdes
adaptadas da Hamilton Depression Rating Scale, fazendo avaliagdes antes ¢ apos a
intervencdo, e estabelecendo critérios de resposta, tendo-se verificado uma redugdo
significativa dos sintomas depressivos em todos os estudos. Para além disto, nos grupos de
doentes em que foi usada cronoterapia verificou-se uma resposta sustentada superior aquela
obtida nos grupos de controlo, com taxas de resposta e remissdo mais altas nos grupos de

cronoterapia no fim do follow-up, que variou entre 7 e 29 semanas.



Discussdo: A cronoterapia atua em 24-48h ¢ mostra evidéncias de sustentabilidade, mas ainda
necessitamos de otimizacdo dos procedimentos e a selecdo criteriosa dos doentes ¢
instrumental para obter o maximo beneficio possivel para o doente, j& que a resposta a
intervengdo varia de acordo com a resisténcia a terap€utica farmacolédgica e doenca de base.
Sao necessarios estudos adicionais com grandes amostras de maneira a formar grupos com
elevada significancia estatistica e permitir a criagdo de grupos de controlo, bem como a
avaliacdo de marcadores bioldgicos, no sentido de aumentar a evidéncia da utilizagao de

cronoterapia em doentes deprimidos.

Palavras-chave: Cronoterapia; depressdo; distarbio depressivo major; doenga bipolar;

privacao de sono; sintomas depressivos.



Abstract

Introduction: Depression is a major concern for world health and fast-acting therapeutic
options for its treatment are lacking. Chronotherapy has emerged as a safe non-invasive
procedure that ameliorates depressive symptoms faster than conventional antidepressant
drugs, but its value requires further validation. The aim of this review was to assess the short

and long-term effectiveness of chronotherapy interventions in depression.

Methods: We conducted a literature search on three online databases: PubMed, Web Of
Science and Science Direct, using the search algorithm: “chronotherapy AND ('depressive
disorder' OR 'depression' OR 'bipolar disorder' OR 'mood disorder')”. We included twelve
studies that recruited a total of 562 patients with Major Depressive Disorder or a depressive

episode in Bipolar Disorder.

Results: The twelve included studies used distinct combined chronotherapeutic procedures.
The trials administered different combinations of total sleep deprivation, light therapy, sleep
phase advance, partial sleep deprivation and slow wave deprivation. Control groups were
included in four studies, whereas the remaining eight used only intervention groups.
Depressive symptoms were evaluated using exclusively interview-based rating scales. Most
studies used adapted versions of the Hamilton Depression Rating Scale, administering it
before and after intervention, and defined response criteria. A significant reduction in
depressive symptoms was found in all of the twelve studies. Additionally, chronotherapeutic
groups showed a superior sustained response throughout the studies, obtaining higher
response and remission rates in the chronotherapy groups at the end of follow-up, which

ranged from 7 to 29 weeks.

Discussion: Research shows that chronotherapy induces a rapid (24-48h) and sustained

decrease in depressive symptoms. These results support the introduction of combined



chronotherapy in the treatment of depression. However, optimization of the procedures and
careful selection of patients is needed in order to ensure maximum benefit, given that
response can be influenced by drug resistance and previous disease. Future research should
focus on concomitant biological measures and biomarkers in order to strengthen the

accumulating evidence towards the effectiveness of chronotherapy.

Key words: Bipolar disorder; chronotherapy; depression; depressive symptoms; major

depressive disorder; sleep deprivation.



Introduction

Depression affects 322 million people worldwide (4.4% of the world’s population).
Prevalence has increased 18.4% between 2005 and 2015, proportionally to the world’s
population growth. It is more common in females (5.1%) than in males (3.6%) (1).
Depression’s etiology, similarly to other mood disorders, is not fully understood, but it is
known to be complex and multifactorial, involving neurotransmitter changes, neuroendocrine
and neuroimmune regulation or brain structure abnormalities (2).

Remission occurs approximately after 5 to 7 weeks of treatment using
pharmacotherapy and cognitive therapy in an effective regimen, but 33% of patients do not
achieve remission and continue showing depressive symptoms, such as anxiety, insomnia,
lack of concentration and other residual symptoms (3). For those who do achieve remission,
there is a 50% probability of relapse during follow-up (4). For those who relapse, 65% do not
seek medical care and carry on their depression for a median duration of 13 weeks. (5). The 5-
7 week delay in therapeutic response is linked with early dropout (6) and increased suicidal
risk (7). Furthermore, antidepressant medication is often related with side-effects and
interactions with other medications that the patient may be prescribed (8). Even
electroconvulsive therapy, which is currently the most dependable and effective tool in
treatment resistant depression, still takes 2 to 3 weeks to exhibit therapeutic benefits (9).
These inconveniences have led the industry to look for fast acting and safe pharmaceutical
alternatives for the treatment of depression, but these novel drugs are not yet ready for clinical
use (10). In summary, currently there are no commonly used treatments that rapidly treat
depression (9) and the need for an alternative with a rapid onset of action and high safety is
emergent (10).

Chronobiology studies biological rhythms, analyzing the effects of time on biological

events and internal biological clocks. This field has been greatly developed in the past



decades. Many circadian rhythms are controlled by the suprachiasmatic nucleus (SCN) of the
anterior hypothalamus, such as the sleep-wake cycle, core body temperature, mood, and
psychomotor performance (11). The SCN can respond to and be influenced by external
environmental cues, such as temperature, food intake and the day/night cycle. Circadian
rhythm disruptions are related with mood disorders and depression, and currently sleep-wake
disruptions are part of the diagnostic criteria for Major Depressive Disorder. Previous studies
point to circadian rhythm disturbances, such as phase advance in hormonal rhythms (12), and
it has been shown that selective serotonin reuptake inhibitors accelerate these rhythms (13).
BLT in the early morning induces phase advances, which can ameliorate depressive
symptoms (12).

Sleep deprivation has shown anti-depressive properties, reducing depressive
symptoms, especially in Major Depressive Disorder and depressive episodes in Bipolar
Disorder. The response is noticeable very shortly after the deprivation (within 24-48 hours).
However, there is still a concern for relapse following sleep deprivation, which has led
researchers to simultaneously use other chronotherapeutic interventions, namely Bright Light
Therapy (BLT) and Sleep Phase Advance (SPA) (14). A Triple Chronotherapy protocol has
been used in recent studies, comprising of a single Total Sleep Deprivation (TSD) night
followed by a 3-day SPA and 3 or 5 days of BLT (9,15,16). Researchers have also used
another protocol, which consists of three TSD cycles (36h of sleep deprivation, followed by a
sleep recovery night, and BLT during the TSD night and in the morning after recovery sleep)
(17-23).

The aim of this systematic review is to assess whether chronobiological interventions
are capable of achieving a significant and sustained response in patients diagnosed with Major

Depressive Disorder or Bipolar Disorder.



Methods

Search strategy

A systematic search was performed on three online databases: PubMed, Web Of
Science and Science Direct, using the search algorithm: “chronotherapy AND ('depressive
disorder' OR 'depression' OR 'bipolar disorder' OR 'mood disorder')”. The authors identified
245 articles, and 210 remained after removing duplicates. Titles and abstracts were appraised
and, according to previously established inclusion and exclusion criteria, 19 articles were
selected for full text analysis. After this assessment, seven studies were excluded: two did not
assess depressive symptoms following chronotherapy intervention, three were designed as
case reports, one was a review and one was written in French. The remaining 12 studies met
the inclusion criteria and were included in this review. The search procedure is summarized in

a flow chart (Fig.1).

Eligibility Criteria

We considered studies regardless of publishing date. They were further analyzed if
they met the following inclusion criteria: (1) empirical quantitative studies (2) articles written
in English (3) studies in humans (4) population diagnosed with major depressive disorder or
bipolar disorder in a depressive phase (5) at least one chronotherapy intervention regarding
depression management (6) having a standardized assessment of depressive symptoms before

and after the intervention. We excluded reviews, case reports, and opinion articles.

Quality assessment

An adapted version of the Newcastle-Ottawa Quality Assessment Scale was used to
evaluate the quality of the included studies. This scale uses a “star system” to rate the studies

in three categories: high, moderate and low quality. The score is attributed concerning the
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following criteria: the selection of the study groups, the comparability of cohorts on the basis
of the design, the assessment of outcome and the adequacy of the follow up. The authors
attributed one star to studies that fulfill each one of the following criteria: the exposed cohort
is truly or somewhat representative of the psychiatric population with a diagnose of
depression; the non-exposed cohort was drawn from the same community as the exposed
cohort; the initial depression diagnose was made through a secure record or a validated
method; follow-up for >3 weeks; complete follow-up (all subjects accounted for) or
description of those lost. Two stars were attributed to studies that controlled for confounders,

such as sociodemographic and illness variables (Table 1).

Data Analysis

In order to establish the effectiveness of chronotherapeutic interventions in depression,
we extracted the following data from the studies: year, author, country, sample size; duration

and follow up time, depressive symptoms assessment, and a description of relevant results.
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Table 1 Quality ratings for the reviewed studies on the basis of the Newcastle-Ottawa quality assessment scale (adapted)

Selection Comparability Outcome
Representativeness | Selection of the A Follow up Adequacy Total
of the Exposed Non-Exposed As?ertamment Corf1tr0|dfor A]f‘ S period after of follow Score
Cohort Cohort Of exposure conrounders of outcome intervention up
Study controls for
Somewhat Drawn from the sociodemographic
Kragh et . i i . ipti
g representative of the same Structured varlables',.somatlc Independent 8 weeks * Desc'r iption
al, 2017, L community as . P conditions, " provided of 8
psychiatric interview . assessment
Denmark opulation * the exposed depression state, those lost *
pop cohort * self-efficacy and
social function. **
Martini Somewhat L2 e I Controls for
. same . .
et al, representat_lve.of the e Secure record * soc_lodemogrs_iphlc Independent 20 weeks * Complete 3
2012, psychiatric P and illness variables. | assessment * follow up *
Denmark population * cohort * w3
Martini Somewhat Drawn from the Study controls for .
. same . . Description
etal, representative of the - Structured sociodemographic Independent * .
e community as . T . . * 29 weeks provided of 8
2015 psychiatric interview and illness variables. assessment «
' e the exposed . those lost
Denmark populatlon cohort *
Drawn from the
Wou et al, ST same Comimitoe Description
representative of the . - sociodemographic Independent o .
2009, . community as Secure record . . o 7 weeks provided of 7
psychiatric and illness variables. | assessment o
USA s the exposed e those lost
cohort *
Benedetti Somewhat Controls for .
etal representative of the sociodemographic Independent Description
' o N/A Secure record * . . 4 weeks * provided of 6
2013, psychiatric and illness variables. | assessment * those lost *
Italy population * K ose fos
Moscovic
ietal, Selected group of * " Independent x Complete
2009, it N/A Secure record Controls for age. assessment * 4 weeks Aol 5
Israel
Suzuki et Somewhat Study controls for
representative of the Structured sociodemographic Independent
al, 2016 L N/A Do . . - N/A 5
' ! psychiatric interview * and illness variables. | assessment *
Italy population * **
Benedetti Controls for
et al, Selected group of - sociodemographic Independent
2008, patients B Secure record and illness variables. | assessment * - B “
Italy *
Benedetti Controls for
et al, Selected group of % sociodemographic Independent
2009, inpatients N/A Secure record and illness variables. assessment * B N/A 4
Italy *
Echizeny Study controls for
aetal, Selected group of N/A Structured sociodemographic Independent _ N/A 4
2013, patients interview * and illness variables. assessment *
Japan *
Landsnes Controls for
setal, Selecteq group of N/A Secure record * soc_lodemogre}phlc Independent ) N/A 4
2011, patients and illness variables. assessment *
USA -
Sahlem Study controls for
et al, Selected group of N/A Structured sociodemographic Independent _ N/A 4
2014, patients interview * and illness variables. | assessment *
USA =

Total score — 0-8. 0-3 — low quality; 4-5 — moderate quality; 6-8 high quality

N/A not applicable
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Results

The authors analyze the results of interview-based rating scales administered during

clinical trials in order to determine the procedures’ effect in depressive symptoms (Table 2).

Kragh, et al. 2017

Kragh et al. (17) conducted a randomized controlled trial which recruited hospitalized
patients diagnosed with moderate to severe depression, for a nine-week follow-up period. The
patients were divided into two groups: the control group received standard treatment for
depression, whereas the chronotherapy group was submitted to TSD, consisting of three 36-
hour awake periods in the first week, and BLT daily, for the whole duration of the study.
Depressive symptoms were assessed weekly using the 17 item Hamilton Depression Rating
Scale (HDRS-17) and the 6 item Hamilton Depression Rating Scale (HDRS-6). Response was
defined as a 50% reduction or more from baseline on the HDRS-17 and remission was
defined as a score of <8 in HDRS-17. There was a significant improvement in the HDRS-17
score in both groups from baseline (mean HDRS-17 scores of 22.9 in the chronotherapy
group and 22.5 in the control group) to week nine (mean HDRS-17 scores of 14.0 in the
chronotherapy group and 13.0 in the control group). In the first week, there was a
significantly higher reduction in depressive symptoms in the chronotherapy group (HDRS-17
score 17.39), compared to the control group (HDRS-17 score 20.19). However, the study
revealed no statistically significant differences between groups in weeks two to nine, which
shows that the antidepressant effect initially attained with the combined chronotherapeutic

intervention, could not be sustained.
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Martiny et al., 2012, 2015

Martiny et al, conducted a randomized controlled trial in 75 patients with a diagnosis
of Major Depressive Disorder. Patients were followed for 29 weeks. At the beginning of the
trial, patients were given pharmacological treatment and were allocated to either a
chronotherapeutic intervention (TSD, BLT and sleep time stabilization) or to a group with a
daily exercise program.

The first 9 weeks are reported in Martiny et al, 2012 (19). The study aimed to
determine whether a chronotherapeutic intervention combined with duloxetine treatment
could induce a rapid and sustained reduction in depressive symptoms. Patients were evaluated
every week for 9 weeks, using the HDRS-17, HDRS-6 and Hamilton Melancholia Scale
(MES). Response was defined as a 50% reduction or more from baseline on the HDRS, and
remission was defined as a score of <8 in HDRS. At baseline, there was a mean HDRS-17
score of 23.9 for the chronotherapy group and 22.3 for the control group. Both groups
responded effectively to treatment, however the authors found significantly higher remission
and response rates in the chronotherapy group versus the exercise group, with 41.4% response
and 23.9% remission rates in the chronotherapy group, and 12.8% response and 5.4%
remission rates in the exercise group. (p=0.003 and p=0.004, respectively) in week 2. These
superior response and remission rates were sustained for the whole study period, showing a
71.4% response and 45.6% remission rates in the chronotherapy group, while the exercise
group obtained 47.3% response and 23.1% remission rates at endpoint.

In 2015, the authors reported the last 20 weeks (follow up phase) to assess whether the
additional effect of chronotherapy in depressive symptoms could be maintained with
continued use of BLT and Sleep Time Stabilization (STS) (18). Depressive symptoms were
assessed at baseline and every 4 weeks thereafter, using the HDRS-17, HDRS-6 and MES

scales. Response was defined as a 50% reduction or more from baseline on the HDRS and
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remission was defined as a score of <8 in HDRS. The study showed high remission rates in
both groups, with statistically significant higher remission rates (61.9%) in the chronotherapy
group compared with the exercise group (37.9%) at endpoint (p=0.01). However, there was
no significant difference in endpoint response rates between the groups (74.6% in the
chronotherapy group versus 64.4% in the exercise group, p=0.22). Mean scores on HDRS-17
revealed a significantly higher reduction in depressive symptoms in the chronotherapy group
(mean HDRS score of 7.5) compared with the exercise group (mean HDRS score of 10.1)

(p=0.02).

Wu et al, 2009

Wau et al. conducted a 7 week randomized controlled trial, selecting 49 patients who
met criteria for Bipolar Disorder with a depressive episode (16). The patients were randomly
divided in two groups: a medication-only group and a group with a chronotherapeutic
augmentation treatment. All patients were started on lithium 1 week prior to the sleep
deprivation night. Furthermore, sertraline was administered to every patient (intolerant
patients were given an alternative antidepressant). The chronotherapy group was administered
one TSD night, followed by 3 nights of SPA and BLT. For depressive symptoms’ assessment,
the authors used the HDRS-19 scale daily in the first week, and weekly thereafter. Response
rate was defined as a 50% decrease in HDRS ratings, and remission included response plus an
HDRS rating <7 at the end of the follow-up. At baseline, the chronotherapy group showed a
mean HDRS-17 score of 19.0 and the control group showed a mean HDRS-17 score of 18.5.
Results showed a significant decrease in depressive symptoms in the chronotherapy group
versus the medication group in every assessment except for day 6, and a significantly higher
response rate in the chronotherapy group in weeks 1 and 7, showing 63% response rate in the

chronotherapy group, non-specified in the control group. Significant differences in depression
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scores (HDRS) occurred as early as day 2 (11.2 vs 15.1 in the chronotherapy vs control
groups) and were sustained for 7 weeks (scores of 10.1 in the chronotherapy group and 15.2

in the control group at the end of 7 weeks).

Benedetti et al, 2013

Benedetti et al. (23) gathered 141 participants diagnosed with a major depressive
episode without psychotic symptoms in the course of Bipolar Disorder. The clinical trial
lasted for 6 days, however, the patients were followed for an additional month. The patients’
data was divided into 4 groups, according to previous history of suicide attempts and response
to treatment. Patients who had been taking lithtum continued it, and the others started taking it
together with the chronotherapeutic intervention. Every patient was administered 3
consecutive TSD cycles (36h awake, with recovery night sleep on the following nights, BLT
at 03h00 in the TSD night and 30 minutes after awakening in the morning after recovery
sleep, for 30 minutes). Data was collected using the HDRS-21, on days 0, 1, 2 and 6. The
baseline HDRS score was 23.76 for responders with positive history of attempted suicide,
21.60 for non-responders with positive history of attempted suicide, 23.27 for responders with
positive negative history of attempted suicide and 23.59 for non-responders with negative
history of attempted suicide. Response was defined as a 50% reduction or more from baseline
on the HDRS. There was a significant response rate to treatment (70.1%). Ongoing treatment
with lithium conferred an advantage comparing to newly started lithtum, but with similar final
scores. There was a 21% relapse rate in the following 4 weeks which lowers the success rate

to 55.3% of patients achieving a sustained response.
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Moscovici et al, 2009

In this pilot study (24), the authors included a set of 12 patients with moderate to
severe depression. Exclusion criteria included the use of antidepressant drugs in the 5 weeks
prior to the intervention, and no antidepressants were administered during the trial. The
authors designed a chronobiologic multistage intervention, including four days of partial sleep
deprivation, dawn simulation, BLT and SPA. The researchers used the HDRS-21 and
Montgomery-Asberg Depression Clinician Rating Scale (MADRS) scales in order to evaluate
depressive symptoms. Response was defined as a 50% reduction or more from baseline on the
HDRS and MADRS, partial response was defined as a reduction greater than 25% but smaller
than 50% and remission was defined as a score of <8 in HDRS and <13 in MADRS. The
scales were used on the day before the chronotherapy intervention, followed by a set of four
consecutive daily measurements between days 1 to 4, and after a 4 week follow-up. Results
showed a statistically significant improvement of depressive symptoms in every patient, in
relation to the HDRS-21 scores (mean scores of 27.58 at baseline and 8.9 at endpoint,
p<0.001) and the MADRS scores (mean scores of 29.33 at baseline and 7.33 at endpoint,

p<0.001).

Suzuki et al, 2016

Suzuki et al. (20) studied 147 patients diagnosed with Bipolar Disorder who met the
criteria for a major depressive episode, without psychotic symptoms. The patients were
administered three TSD cycles (each cycle includes one sleepless night followed by one
recovery sleep night), and BLT at 3 am during the sleep deprivation night and in the morning
after recovery sleep. Lithium was administered to every patient, 74 patients had already been

taking lithium and continued it, and 73 started it together with the chronotherapy procedure
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(there was no significant difference in response rates in these two groups). None of the
patients was administered any other antidepressant. Depressive symptoms were rated using a
modified version of the HDRS-21 (HDRS-NOW) on days 0, 1, 2 and 6. Response was
defined as a 50% reduction or more from baseline on the HDRS. Mean HDRS-21 scores were
23.9 for the whole sample at baseline. At endpoint, approximately 66% of patients responded

to treatment (mean HDRS-21 scores of 8.3), showing a 50% reduction of HDRS scores.

Benedetti et al, 2008

Benedetti and colleagues investigated the correlation between the Glutamate and
glutamine/Creatine ratio (Glx/Cr) and depressive symptoms, recruiting 19 patients diagnosed
with type I Bipolar Disorder, in a depressive episode without psychotic features (22). Every
patient underwent three consecutive TSD cycles (each cycle consisted of a 36h wake period,
followed by a recovery sleep night), and BLT at 3h a.m. during the TSD night, and in the
morning after recovery sleep. Patients were not taking any drugs besides lithium. Depressive
symptoms were assessed daily for 1 week, using an adapted version of the Hamilton
Depression Rating Scale (HDRS-NOW). Response was defined as a 30% reduction or more
from baseline on the HDRS. Results showed a significant reduction in the HDRS, which
varied from a mean score of 20.84 at baseline to 9.42 at endpoint. There was a response rate

of 78.9%.

19



Benedetti et al, 2009

In this study, Benedetti et al. (25) recruited 39 patients diagnosed with Bipolar
Disorder with a depressive episode without psychotic features. Every patient underwent three
consecutive TSD cycles, which comprised a 36h period of wakefulness followed by one night
of sleep recovery. They were also administered BLT at 3 am during the TSD night and in the
morning after the recovery sleep night. Depressive symptoms were evaluated using the
Hamilton Depression Rating Scale 21-item version (HDRS-21) on days 1, 2, 3 and 7. Clinical
response was defined as a reduction of 50% in the HDRS-21 score, and was achieved by two-
thirds of the patients. Patients were divided in responders and non-responders according to
response to chronotherapy. Response rates were slightly higher in patients without drug
resistance history (76%) than in drug resistant patients (54%). Patterns of mood change
differed significantly between responders and non-responders, showing mean HDRS scores of
23.00 for responders/21.23 for non-responders at baseline, and 7.15 for responders/17.31 for

non-responders at endpoint.

Echizenva et al, 2013

The authors studied 13 inpatients with a depressive episode in the course of Major
Depressive Disorder or Bipolar Disorder. All of them were considered drug-resistant and
refractory to conventional treatment. Patients received one night of TSD, followed by three
days of SPA and five days of BLT, and were observed for a total of three weeks. Depressive
symptoms were assessed using the Hamilton Depression Rating Scale 17-item version
(HDRS-17) once a week (i.e. on days -1, 6, 13 and 20) and the Hamilton Depression Rating
Scale 6-item version (HDRS-6) scales on day 1 to day 6, and. Response was defined as a 50%

reduction or more from baseline on the HDRS. The study demonstrated a clinically significant
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improvement of depressive symptoms among drug-resistant patients: mean HDRS-6 scores
decreased from 11.62 on at baseline (day -1) to 6.25 on day 6; mean HDRS-17 scores

changed from 19.77 at baseline (day -1) to 8.46 at endpoint (day 20) (15).

Landsness et al, 2011

Landsness and coworkers explored the role of slow wave sleep deprivation in 17
patients affected with Major Depressive Disorder, who were medication free for =6 months
before selection. The trial comprised three overnight sessions: baseline, slow wave
deprivation and recovery sleep nights. In order to perform slow wave deprivation, patients
were monitored using a high density EEG during sleep, such that whenever a slow wave was
visually detected, an auditory tone would be delivered to the patient, suppressing slow waves
without awakening the subject. The authors used a modified version of the HDRS-17 scale,
the HDRS-13, for evaluation of depressive symptoms, in a daily frequency. Results showed
significant reduction in depressive symptoms according to HDRS (mean scores of 10.67
before slow wave deprivation and 7.83 in the morning after slow wave deprivation, p=0.01)

(26).

Sahlem et al, 2014

This pilot study (9) included 10 participants with non-psychotic Major Depressive
Disorder or Bipolar Disorder for a 1 week trial. Each patient underwent the same Triple
Chronotherapy procedure (one night TSD, followed by a 3 day SPA, with BLT every
morning). In order to assess the patients’ depressive symptoms, the HDRS-17 scale was used

at baseline prior to TSD, and at protocol completion on day five. Remission was defined as a
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HDRS-17 score of 7 or lower, and response as a 50% drop in score from baseline. At
endpoint, there was a significant decrease in depressive symptoms, with a HDRS-17 score
decreasing from an average of 24.7 on day 0 to a score of 9.4 on day 5, which was higher than
expected if the participants were only treated with regular pharmacotherapy and

psychotherapy.

22



23

-osuodsar paurejsns e Suradiyoe syuened Jo 94,6666 01 el

$8900NS AY) SIOMO] SYIIM 4 Furmor[oy oy ur are1 asde[ar o[ ue wnpry Arev
'$2100S [eul) Te[ILIS ILM INQ “WNIYI] pare)s K[mau o) Futredwoo o N \Mw [Z-S4dH V/N L'1d SYoam ¢ vl ‘€10z ‘Ie
o3ejueApe Ue POLIQJUOD WINNJI] UM JUdUREdn JFurofuQ ¢ 10sted ds.L 19 mapauag
‘Juauean o} (9,1°0L) 9rex asuodsar Juedrjusdig ’
(DD TSI/DLD 1°01) SYoam
L 10J paureisns a1om pue DO['G[/DLD TI11) T Aep se AlJed L1 PV
SB paLndd0 (SYAH) SOI109S U0ISSAIdOp Ul SOOUSIJIP JUBOPIUSIS _ VdS VSN ‘6002
‘9 Kep 10§ 1dooxo JuowISsasse SA[oom ul \ﬁwoo\,? L1-S4dH PV 114g SAOM L oy ‘e 1 N\
K19A9 Ul ‘dnoi3 jonuoo oy 03 paredwod ‘dnoid Adersyjouoryo [ oM Ut Afte( dsL
op ur  swoydwAs oArssardop ur  oseordop  JueOLIUSIS
(zo'0=d DD ‘1°01 sA DL §'L) dnoid Aderayjouoryd
oy ur swoydwks oarssordop ur uononpar 10y3iy Appueoyrugis e
PIMOYS L [~ SYCIH UO $31005 U (2T0=4 ‘DD %¥'¥9 "SA DLD SYooM § K19A9 SHIN weiSoxd PV v__EEcmwn_
%9'vL SYAH) 'sdnoI3 uaamioq JUSIYJIP AJ[EONSHE)S JOU d1oM I 9-S¥MdH S 11d  S¥eem Q¢ SL G10C 'Ie
sojer asuodsoy (10'0=d) (%6°LE) Iutodpus je dnoid 9s101oxo P Hosed L1-SYAH : H asL 19 Auluey
oy pm paredwod (246°19) dnoid Aderoyjouoiyo oy ur IOyS3Iy ’
Apueoudis nq ‘sdnoi8 ypoq ur y3iy oIom SOJBI UOISSTWOY
(DD %1 €TUY%E LY DL %9"SH/%¥ 1L
uoIsstuaI/esuodsar Y@y ueowr) cpouod  Apmis  ojoym ma
oY) IOJ paure)sns aIom S9jel UOISSIUIAI pue asuodsar Jorrodns oy J, SHIN werSoxd SIS Jlewusd
‘(7 JYoam ur ‘Ajoanoadsar 00 0=d pue g0 0=d AP M oO-SAH ASIOIOXT 119 SYooM 6 SL ‘2102
DD %P'S/%8TI ‘DID  %6'€T/%P I uoIssiual/esuodsar LI-SYAH : ‘e 13 1unJen
SYAH uesw) dnoid oswioxs oy snsoa dnoi§ Adersyiouoiyo dslL C
oy} ur Sojer uoIssTwol pue dsuodsor I1oy3ny Apueoyiusig
oM ISITJ AU} I9)JE PUNOJ dIoM
sdnoi3 om) oy} UQIMIDQ SOOUIQNJIP JUBIYIUSIS A[[BINISIIEIS ON PV Jrewusd
"(#0"0=d ‘DD 61°0T $A DLD 6€°LT LT Apjoom L1-SY4dH PV 114 S3oom 6 V1% 'L10¢
-QY@H uesw) dnoid Adeoyjouoayo oy ur swoydwks darssordop aslL ‘e 18 yBesy

ur uononpar 1oy3iy Apuedyiudis B sem 019U} oM ISI Y} U]

S11NS3y

ONIWIL ENLALN

LN3ISSISSY
SWOLJINAS 3AISS3HdIQ

dnoyo
10YLNO)D

dno¥o
AdVY3HL
ONOYH)

NOILN3AYILN]

aolyid
dn MoT1104

3zIs
I1dNVS

AYINNOD
¥vaA
YOHLNY

S3IPNIS PaMBIASA 8] JO SONSIIRIRIRYD Z 3|0e L



printhouse
Typewritten Text


"9Bos WA [ 7 ‘9[eds Sunjey uoissarda(q uojjrwe [Z-SYJH ‘UOISIOA Wl
L1 ‘o[eos Suney uorssardo( uolrueH /]-SYAH ‘UOISIOA WA 9 ‘9[eos Suney uolssaido(q uoiiueH 9-SYH :SIBOS BI[OYIURIN Pue UO)[IeH SHIA 9[edS Suney ueromul]) uoissaido( 519qsy-Arowouo
SYAVIA ‘sdnoid juounean 1otjo pue sjuessardopnue Surpnjour ‘uorssardap Jo jusunean [esrsojooeunreyd py ‘ounaxon [n( ‘uoneaudoq dod[g (10l QS ‘uonealrddq dAep MOIS AMS SUOTBZI[IqEIS

qun], dodS SIS ‘uoneziiqels awi], dod[S SIS eoueapy oseyd dog[S vds ‘uoneaudaq doofs rented qsd ‘Aderoy, sy wysug 119 dnoin jonuo) D) ‘dnoid Aderayiouory) H1) drqesrdde jou v/N

24

|34
(g Aep uo 4 pue () Kep uo G Kep _ 11d VSN ‘vT0¢
L'¥T SYaH ueawr) swoidwAs dA1ssaxdop ur 9searoop jueoyiuslS UL pue duljaseyq LI-S4AH V/IN VdS e 01 ‘e 19 wayes
dasyt
(10°0=d ‘ams-1sod €8'£/ams vsn
-o1d 901 SYH Ueaw) 21008 SYH 01 Surpi0doe swoydwAks Areq ¢I-SddH V/N ams skep ¢ L1 ‘T10Z ‘Ie
aarssardop ur uononpar juedyIuSIs e pasudLddxs syuedonied 18 ssauspue]
“(urodpua Je 9p'g/ouI[aseq 12 L6 0T pue ¢] 9-SMAH HmM ueder
L1-SYH ueaw 9 Aep U0 ¢7'9/oul[aseq 1& 79 T 9-SYH Ueour) Kep /1-SYAH V/N VdS skep 7 el ‘€T0Z ‘Ie
JUOWISSASSE A19Ad Ul SwojdwAS 9A1ssardop ur 9searosp jueoyIusIg ‘9 01 T ske(q 19 eAuazIYo3
das.yt
"9[0kd
ASL A10A9 10ye so3ueyo jueoyudis Ym ‘siopuodsor-uou pue
s1opuodsal uaam1oq APUeOIUSIS PAISJJIP 93urYd POOW JO SUIONR] , pue PV Arey
(0 0=d) ¢ 7] skeq 12-SYAH V/N 119 skep/  6¢ ‘6002 ‘e
(%%S) swuened jueysisar Inip ur uey (9%9/) AIOISIY OOUB)SISAI aslL 19 1118pauag
Snip moym sjuoned ur 1oySiy ApySis orom sojer asuodsoy
‘0499 JO 9je1 asuodsay
%68 JO dye1 dsuodsay wnry Arey
‘(qurodpus je 746 "SA auIjeseq iy _ B 00M . “e
18 $8°07 SYAH) swoydwiAks oalssardop jo uononpal juedyIugis Ifed [¢-SdaH VIN L1d A ! 6l 800¢ 1
A[[eO1ISTIRIS B IIM PIIRIOOSSE SBM JUSWIRa) onnaderayjouoyd sy, dslL 19 111spausg
wnigir
'$91008 SY(TH JO UOTONPAI %S 9 pue ) T ke Are1l ‘9102
e Surmoys quounean; 0} papuodsai sjuanied Jo 9,99 Ajoyewrxorddy 7°1 ‘0 sheq I¢-S4dH VIN MMM P9 Lyl ‘e 18 DInzns
(100°0>d) 521095 SYAVIN yutodpud SUAVIA VdS [9B4S|
oy pue (100°0>d) $21098 [Z-SUAH 2 03 uonefal ur Juaned K1oad e pue § 0} | 17-SUAH V/IN L1d  sYoomy 4 '600¢ ‘e
ur swoydwAs oArssardap Jo juswosordun jueogrusis A[jeonsners sAep ‘auraseq asd 19 I91A02SO N




Discussion

Multiple clinical trials using chronotherapeutic interventions have been performed
over the last decade, showing that is a viable option in short and long-term treatment of
depressive symptoms in Major Depressive Disorder and Bipolar Disorder. In the twelve
included studies, a total of 562 patients were recruited and completed treatment and follow
up. Depressive symptoms were evaluated using adapted versions of the HDRS, the MES and

the MADRS.

Considering the studies analyzed in this review, those which used control groups
showed the most reliable results., In the study by Martiny and colleagues (18,19), the
reductions were significantly higher for the chronotherapy group than the control group, with
response rates at 9 weeks of 71.4% and 47.3% and remission rates of 45.6% and 23.1%,
respectively and this superiority was partially maintained for the whole 29-week follow up
period, with signicantly higher remission rates for the chronotherapy group, but non-
statistically significant differences in response rates between the two groups at endpoint.
These results match an earlier publication by Wu et al. (16), which showed that the significant
superiority in the chronotherapy group was sustained for 7 weeks. However, the article by
Kragh and collaborators did not corroborate the long-term antidepressant effect of
chronotherapy, presenting a significantly higher decrease in depressive symptoms solely in
the first week of treatment. This could be due to a number of singularities in this study. For
instance, most patients presented unipolar depression, previous resistance to treatment and
antipsychotic medication. Research shows that patients with Bipolar Disorder tended to
respond better to Chronotherapy than those with unipolar depression (27). Thus, unipolar
patients improve in response to chronotherapy, but not as fast as bipolar patients, which could
justify the lack of a prompt response. Regarding drug resistance, Benedetti et al. (28) have
shown that double chronotherapy with TSD and BLT is useful in triggering a favorable
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response in drug-resistant depression. This response is influenced by the same genetic
functional polymorphisms that condition the efficacy of pharmacological treatment (25).
Nevertheless, resistant patients showed lower response rates and were susceptible to an earlier
relapse when compared with patients without a history of drug resistance. (21) Moreover,
Kragh et al. (17) suggest that, for treatment resistant and highly medicated inpatients,
chronotherapeutic procedures are not as useful when used as an adjunctive antidepressant
treatment, and should be reserved to selected patients with a high chance of positive outcome.
Additionally, research has shown that antipsychotic drugs could impair or abolish the effect of

chronotherapy (29).

Most of the studies reviewed did not include a control group. Despite the global
statistically significant decrease in depressive symptoms, these results are difficult to value
since this reduction could be justified by other concurrent factors, such as hospitalization,
antidepressant and mood stabilizing drugs and psychotherapy. Nevertheless, typically neither
medication nor psychotherapy produce an onset of action that is as fast as the studies’

descriptions (9).

With the exception of Landsness et al. (26), every article in this review implemented a
double or triple chronotherapy scheme, combining BLT, SPA, TSD, PSD and/or STS.
Regarding triple chronotherapy, Echizenya et al. (15) administered TSD followed by three
days of SPA and five days of BLT, plus antidepressant drugs, over the course of three weeks
to drug-resistant patients, observing a rapid and sustained decrease in depressive symptoms.
Sahlem et al. (9) found that combining pharmacotherapy and triple chronotherapy, along with
group psychotherapy, produces a faster and more robust improvement than what would be
expected with pharmacotherapy or psychotherapy alone. In summary, these combinations, in
addition with antidepressant medication, seem to add a fast acting and long-term
sustainability to the antidepressant effect of medication.
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In two of the reviewed studies (24,26), the researchers used slightly different and
innovative approaches that yielded interesting results. Moscovici et al. used partial sleep
deprivation instead of total sleep deprivation, combined with dawn simulation and sleep phase
advance, while Landsness et al. applied slow wave sleep deprivation. Both studies provided
satisfactory outcomes that lead us to believe that there are underexplored and understudied
chronotherapeutic procedures other than those already described in current literature. In other
words, there might be better ways to influence depressed patients’ circadian rhythms that need

to be further explored in future studies.

Chronotherapy is a safe non-invasive procedure, despite some descriptions of side-
effects, including hypomania, irritability, headache, nausea, menstrual disturbances,
sleepiness, fatigue (24) and panic attacks (19). In the studies reviewed, the most common side
effect was transient sleepiness at different times of day. There was also a brief hypomanic
switch in 6% of patients in the study by Wu et al. (16), which resolved within 24 hours
without additional medication, as well as a 1.4% rate of switch into mania in a study by

Benedetti et al. (30), which was also promptly resolved.

Numerous limitations were described in the studies, and the extent to which the results
were biased is unknown. The most commonly described limitation was the absence of a
control group in the trial, introducing the possibility of placebo-like effects and limiting the
generalization of the findings. It is a challenge to design a randomized double-blind placebo-
controlled trial which includes a chronotherapeutic intervention. These difficulties were
described even in the studies that did include a control group, and blindness could be
compromised in some cases (17). Dropout rates were noteworthy throughout the trials, and
regardless of participants not differing significantly at baseline, they could have introduced
bias by unmeasured variables (17). Other limitations included small sample sizes, non-
standardization of the drug regimens, and the possibility of some patients taking brief

27



unreported naps, which has been hypothesized to change mood and sleep patterns, with
controversial results (10). Furthermore, the use of different and adapted scales to evaluate
depressive symptoms throughout the studies may interfere with the generalization of results,

as different criteria were taken into consideration.

In conclusion, chronotherapy represents a safe, non-invasive and cost-effective
alternative to antidepressant augmentation. (24) Research shows encouraging results,
supporting the introduction of combined chronotherapy in the treatment of depression, and
suggesting a general positive effect across the unipolar-bipolar dimensions (19). In addition, it
appears to be a promising option to overcome treatment resistant depression and shorten
treatment latency and duration. Nevertheless, results vary depending not only on the type of
chronotherapeutic intervention, but also on interindividual variability. For instance, in a
number of studies, some participants stated that they would not choose this treatment again.
Therefore, careful patient selection is needed in order to ensure maximum benefit from the

procedure (17).

Future studies require longer observational periods, with large samples sizes and
control groups, in order to endorse the rapid and sustained decrease in depressive symptoms.
Since there is still not enough insight into the underlying mechanisms of chronotherapy,
future research should focus on concomitant biological measures and biomarkers, in order to

strengthen the accumulating evidence towards the effectiveness of chronotherapy.
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