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Abstract

Introduction: Disorders of circadian rhythms have been re-
ported in studies of both depressed children and of depressed 
adolescents. The aim of this study was to evaluate whether 
there is a relationship between the 24-hour spectral power 
(24h SP) of the activity/rest rhythm and the clinical course of 
depression in adolescents.
Methods: Six 14 to 17-year-old adolescents were recruited 
for the study. They were all suffering from major depressive 
disorder, according to the Diagnostic and Statistical Manual 
of Mental Disorders, 4th edition (DSM-IV) criteria, as identi-
fied by the Schedule for Affective Disorders and Schizophre-
nia for School Aged Children: Present and Lifetime Version 
(K-SADS-PL). Depressive symptoms were assessed using the 
Children’s Depression Rating Scale – Revised (CDRS-R) and 
clinical evaluations. Locomotor activity was monitored over a 
period of 13 consecutive weeks. Activity was measured for 
10-minute periods using wrist-worn activity monitors. All pa-
tients were prescribed sertraline from after the first week up 
until the end of the study.
Results: We found a relationship between high CDRS values 
and low 24-hour spectral power.
Conclusions: The 24h SP of the activity/rest rhythm corre-
lated significantly (negatively) with the clinical ratings of de-
pression.
Keywords: Circadian rhythms, chronobiology, spectral analy-
sis, depression, adolescents.

Resumo

Introdução: Distúrbios do ritmo circadiano têm sido relatados 
em estudos com crianças e adolescentes deprimidos. O objetivo 
deste estudo foi avaliar se existe relação entre a potência es-
pectral de 24 horas do ritmo de atividade e repouso e sintomas 
clínicos de depressão em adolescentes.
Métodos: Seis adolescentes com idade entre 14 e 17 anos foram 
recrutados para o estudo. Eles foram diagnosticados com depres-
são maior de acordo com os critérios do Manual Diagnóstico e 
Estatístico de Transtornos Mentais, 4ª edição (DSM-IV), identifica-
dos utilizando-se o instrumento Schedule for Affective Disorders 
and Schizophrenia for School Aged Children: Present and Lifetime 
Version (K-SADS-PL). Os sintomas depressivos foram avaliados 
pelo questionário Children’s Depression Rating Scale – Revised 
(CDRS-R) e por avaliações clínicas. A atividade motora foi moni-
torada por um período de 13 semanas consecutivas e registrada 
a cada 10 minutos utilizando-se monitores de atividades usados 
no pulso. Todos os pacientes utilizaram o antidepressivo sertralina 
começando após a primeira semana até o final do estudo.
Resultados: Foi observada uma relação entre escores altos no 
CDRS-R e valores baixos de potência espectral de 24 horas no 
ritmo de atividade e repouso.
Conclusão: A potência espectral de 24 horas do ritmo de ativida-
de e repouso apresentou uma correlação significativa (negativa) 
com os sintomas clínicos de depressão.
Descritores: Ritmos circadianos, cronobiologia, análise de po-
tência espectral, depressão, adolescentes.
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Introduction

A depressive state can be the final psychobiological 
response to circadian disturbances.1-3 A regular rhythm 
that is synchronized to the 24-hour light-dark cycle is 
associated with lower intensity of depressive symptoms.4-8 
Depressive subtypes and severity of symptoms have also 
been linked to circadian disturbances, with a negative 
impact on outcome and treatment.9-11

Nowadays, therapies based on chronobiological 
principles are recognized as important strategies for 
treatment of mood disorders.12 The principle is to 
strengthen temporal cues such as light exposure and 
manipulate the stability of sleeping and social rhythms 
in order to synchronize biological rhythms to the 24-hour 
environmental cycle.

Adolescence is a time of life during which intense 
biological and psychosocial changes take place due 
to the process of maturation.13,14 The later waking-up 
and sleeping times observed after puberty have been 
attributed both to the process of maturation and to 
psychosocial factors such as late-night social activities, 
particularly in urban contexts.15,16 However, early school 
schedules, which are common during this stage of life, 
can conflict with biological time (the evening tendency) 
and may disturb circadian entrainment, leading to sleep 
deficits and to emotional and cognitive problems.

The main chronobiological theory for depression 
proposes that circadian rhythms in depression are 
characterized by a loss of power or stability.17,18 The 
24h spectral power (24h SP) of a rhythm is evaluated 
by the percentage of how well the rhythmic data fit to 
a 24-hour oscillation ascertained by a variance spectral 
analysis.19 The 24h SP can be interpreted as a parameter 
that reflects the degree of circadian entrainment. A 
higher 24h SP means better synchronization of biological 
rhythms to the environmental cycle.

Study of activity/rest rhythms by actigraphy has 
been highly recommended. This is a technique for 
monitoring locomotor activity using a wrist-worn 
device, the actimeter. This technique is accessible, does 
not cause patients discomfort and does not disturb 
the process being examined.20 Additionally, locomotor 
activity has both clinical importance and physiological 
meaning in depression.

Many researchers have described circadian rhythm 
disturbances of depressed adults. Several studies have 
reported blunting of the circadian amplitude of circadian 
patterns of plasma 3-methoxy-4-hydroxiphenylglycol 
(MHPG),9,21 of thyroid stimulating hormone, and of 
activity/rest rhythms.22-24 However, there are few studies 
of depressed children and adolescents in the literature. 
Studies of the 24-hour pattern of plasma cortisol have 

found no significant differences between depressed 
children and normal children used as controls.25,26 

However, higher levels of cortisol were detected at the 
onset of sleep in depressive patients. These results 
were most marked in hospitalized or suicidal patients.27 

Cavallo et al. reported a significant attenuation in mean 
24-hour, nocturnal, and peak melatonin secretion in nine 
depressed children and adolescents compared with ten 
controls.28 Five of the depressed children had mean night 
time concentrations of melatonin outside the control 
range. Although no formal chronobiological analysis 
was conducted, this is one study identified by searching 
the literature that demonstrated blunting of circadian 
amplitude in depressed children.

Teicher et al. reported a reduction in circadian 
power (or fit) in depressed children and adolescents.20 
They reported a decreased amplitude of the circadian 
activity/rest rhythm and an increased magnitude of 
semicircadian rhythm. Circadian rhythm accounted 
for 49.1±14.0% of variability in the activity profiles 
of normal controls and 35.5±10.5% of variability in 
patients with depressive disorders. These results were 
most marked in adolescents. Semicircadian amplitude 
differentiated between depressed patients and controls 
with 94% specificity and 84% sensitivity.

Monitoring locomotor activity of people in depressive 
states can be helpful to clarify the link between activity/
rest rhythm and depressive symptoms. Circadian 
activity/rest rhythm studies of depressed adolescents 
can thus contribute to the pathophysiology, prognostics 
and therapeutics of adolescent depression.

The objective of this study was to evaluate the 
correlation between the 24h SP of the activity/rest 
rhythm and depressive symptoms along a 13-week 
course of treatment in adolescents with major depressive 
disorder (MDD).

Methods

Six adolescents, two boys and four girls, aged 
from 15 to 17, with diagnoses of first episodes of MDD 
according to Diagnostic and Statistical Manual of Mental 
Disorders, 4th edition (DSM-IV) criteria29 were evaluated 
along the course of their treatment. The patients were 
selected from two outpatient services; the Ambulatório 
de Transtornos Afetivos, Serviço de Psiquiatria Infantil 
e da Adolescência, Hospital das Clínicas, Faculdade 
de Medicina, Universidade de São Paulo (FMUSP) and 
the Ambulatório do Programa de Doenças Afetivas, 
Departamento de Psiquiatria, Escola Paulista de Medicina, 
Universidade Federal de São Paulo (UNIFESP). Diagnoses 
were made on the basis of clinical interviews conducted 
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treatment manifest as decrease or remission of 
symptoms.

The correlation between the CDRS-R scores and 
24h SP values was assessed by calculating Spearman’s 
coefficient (p < 0.05). The CDRS-R scores were used 
to classify each week as either a week with depression 
(DP) or a week with no depression (NDP) and the 
spectral power values were compared between these 
two groups. The Wilcoxon rank sum test was used for 
this statistical analysis.

Results

Six subjects (2 males and 4 females) were enrolled 
on the study. Their ages ranged from 15 to 17. Table 
1 lists demographic characteristics, co-morbidities 
diagnosed (according DSM-IV criteria) and school and 
work schedules.

Table 2 lists the 24h SP values for the circadian 
activity/rest rhythm and CDRS-R scores over the period 
of 13 consecutive weeks.

Analysis of the correlation between CDRS and 24h 
SP returned values of r = -0.47 and p < 0.001. Mean 
24h SP was higher in weeks in which CDRS was less 
than 40 in five of the subjects (Table 3). Subject 6 
exhibited a higher mean 24h SP in the weeks he 
was depressed (CDRS greater than or equal to 40). 
The overall analysis detected a significant difference 
between weeks with and without depression (p = 
0.0032) (Table 3).

Discussion

To our knowledge, this is the first study of circadian 
activity/rest rhythms along the course of treatment 
of depressed adolescents. Our results demonstrate 
a relationship between the 24h SP of the patients’ 
activity/rest rhythms and their depressive state. Lower 
24h SP values were observed during depressive states 
and higher 24h SP were observed when symptoms were 
in remission or attenuated. These results support the 
theory of loss of circadian power in depressive state.

by two expert psychiatrists. The Brazilian version of 
the Schedule for Affective Disorders and Schizophrenia 
for School Aged Children: Present and Lifetime Version 
(K-SADS-PL)23 was used to confirm MDD diagnosis and 
co-morbidities. The patients had no medical/neurological 
diseases and were not given medications that could alter 
circadian rhythms during the study. They were evaluated 
only after their parents or legal guardians had given 
written consent for participation and they had provided 
verbal consent themselves. The study protocol was 
approved by the ethics committees at both UNIFESP and 
FMUSP.

Motor activity was recorded by actimeters over 
a period of 13 consecutive weeks. The actimeter 
(MiniMitter Monitoring) is a small accelerometer worn on 
the non-dominant wrist, with memory for data storage. 
This device detects accelerations greater than 0.01G 
force (up to 10 counts per second). Actimeter data 
were processed individually. Time series with 10 minute 
intervals (between data points) and weekly intervals 
starting on Sundays were analyzed. These time intervals 
were submitted to the Sokolove-Bushell spectral analysis 
algorithm using El Temps software.30

During the 13-week period, the adolescents also 
kept activity diaries with their routine activities (school 
timetables, transport, start and end of sleep and other 
activities) that were based on a work shift diary. Initially 
we intended to monitor social activities but diary data 
were incomplete so we only used these data to evaluate 
possible masking factors, such as fever or physical 
exercises, and removal of the actimeter.31

Clinical assessments were carried out weekly and the 
Children’s Depression Rating Scale – Revised (CDRS-R) 
was used to assess depressive symptoms. According to 
this scale, total scores of 40 or more are strong indicators 
of the presence of an MDD32 and remission was defined as 
when the total score was lower than 40.

All patients received sertraline as an antidepressant 
treatment, but their doses were individually adjusted 
to achieve decrease or remission of symptoms. Four 
patients were on 50 mg/day and two patients were on 
100 mg/day from after the first week until the end of 
the study. The 13-week period was chosen because 
it is the mean time taken to achieve a response to 

Table 1 - Demographics, DSM-IV co-morbidities diagnosed, school and work schedules and sleep phase delay at weekends

Subjects Sex Age Co-morbidities diagnosed Schedules school/work Sleep phase delay
1 M 17 Dysthymic disorder Not studying No
2 F 17 Dysthymic disorder Morning Present
3 F 15 PTSD Morning Present
4 M 17 Dysthymic disorder Night No
5 F 16 Dysthymic disorder Morning Present
6 F 17 Bulimia Night No

DSM-IV = Diagnostic and Statistical Manual of Mental Disorders, 4th edition; F = female; M = male; PTSD = posttraumatic stress disorder.
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Table 3 - Mean 24h SP weeks with and without depression

Subjects

CDRS 24h SP

DP NDP DP NDP
1 61.8 37 21.6 55
2 50.7 28 40.3 44
3 69.5 30.5 32.7 37.5
4 57.1 36 33 34
5 62.9 27 35.1 38.5
6 54.7 23.4 46 41.2
Total 59.6 27.8 33 41.3
p-value < 0.0001 0.0032

24h SP = 24h spectral power; CDRS = Children’s Depression Rating Scale 
– Revised; DP = weeks with depression; NDP = weeks without depression.

Table 2 - CDRS-R scores and 24h SP values weekly over 13 weeks

Subjects Weeks 1 2 3 4 5 6 7 8 9 10 11 12 13

1
CDRS-R 78 75 68 58 59 64 60 60 48 48 37
24h SP 31 20 18 24 25 26 15 15 28 14 55

2
CDRS-R 58 58 51 56 38 42 41 49 23 23 29 46
24h SP 36 43 40 30 38 46 45 42 47 47

3
CDRS-R 84 42 63 81 57 90 28 27 33 39 34
24h SP 31 31 32 34 36 32 41 31 37 44

4
CDRS-R 67 78 47 44 36 63 44 70 55 46
24h SP 29 34 40 33 34 25 29 31 35 35 41 40 24

5
CDRS-R 72 66 65 54 69 54 28 26 60
24h SP 38 39 36 35 32 33 37 40 33 33 39

6
CDRS-R 72 49 52 32 31 18 19 17 46 28
24h SP 43 48 50 40 45 31 41 49 37 43 46

24h SP = 24h spectral power; CDRS-R = Children’s Depression Rating Scale – Revised.
Blanks correspond to missing data.

Clinical improvement was associated with the 
highest 24h SP values in five patients (numbers 1 to 
5). Patient 1 who presented later improvement (only 
in the 13th week) had lower mean 24h SP during the 
depressed phase. Patient 6 had higher mean 24h SP 
and took less time to recover (four weeks). Teicher et 
al. observed that depressed children with adequately 
entrained 24h circadian rhythms took less time to recover 
from depression without medications then children with 
circadian disturbances.33 Previous studies have also 
shown an increase in gross motor activity in depressed 
patients following successful treatment.24,29,34

The only discrepant result (patient 6) suggests that 
circadian disorders may be present in some but not all 
depressive states, which is probably related to subtypes 
of depression23 or to depressive severity.29 One possibility 
is that this patient had a well synchronized rhythm (the 
first three weeks with depression had high spectral power 
values). It would therefore be difficult to increase the 
spectral power in the following weeks.

It is important to note that monitoring locomotor 
activity over the 13 weeks of treatment allowed us to 
compare the patient with themselves in terms of their 

individual data for depressive state, social schedules and 
rhythms.

Limitations of this study include the small size of 
the sample that is insufficient to allow generalizations, 
so further replications are needed; and the fact that no 
controls not on antidepressant treatment were included. 
However, prior studies have reported the 24h patterns of 
normal controls and shown that the effects of medication 
on circadian rhythms were due to their impact on core 
depressive symptoms.29,34 Additionally, we were unable 
to distinguish unipolar from bipolar depression with 
certainty, and depression in adolescents can be the first 
episode of bipolar disorder.

The amount of data for each patient assessed in this 
study was not uniform (see blanks in Table 2) and these 
differences were due to missed clinical assessments and 
to problems with recording of actimeter data.

These results support the model of circadian 
attenuation (loss of circadian power) during depression.17,18 
Furthermore, the temporal coincidence between clinical 
improvement and increase in 24h SP suggests a possible 
temporal link between improvement of symptoms and 
entrainment of circadian rhythms.

Analysis of circadian dysregulation may contribute 
to understanding the pathogenesis of depression and 
to evaluation of therapeutic efficacy and provides a 
potentially useful tool for prognostic assessment and 
therapeutic management of adolescent depression.

The National Institute of Mental Health has recently 
released its Research Domain Criteria (RDoC). The RDoC is 
an initiative to improve classification of mental health and 
open new lines of research based on examining patients’ 
responses with biological measures.35 The actimeter is 
one methodology that is provided for within the RDoC 
framework as a means of measuring synchronization 
to the light/dark cycle outside. This study shows the 
feasibility of using this tool to help in clinical follow-up.
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