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Circadian rhythm disturbances have been associated with bipolar disorder (BD) during both the mood episodes
and the periods of remission. Circadian phase preferences for the evening have been reported for remitted patients,
whereas the amplitude and stability of their rhythms have never been assessed using questionnaires. The primary
aim of our study was the validation of a French version of the Circadian Type Inventory (CTI), whereas its secondary aim
was the comparison between remitted patients with BD and healthy controls for rhythm stability and amplitude and
for phase preference. For this purpose, we used the CTI and the Composite Scale of Morningness (CSM) that assesses
phase preference (‘‘morning’’ or ‘‘evening’’ type). First, we report here on the validation of the French version of the
11-item Circadian Type Inventory in a sample of 140 remitted patients with BD and 156 healthy controls. Principal
components analysis revealed a two-factor structure (FR: flexibility/rigidity scale corresponding to rhythm stability;
LV: languid/vigorous scale corresponding to rhythm amplitude) explaining 52% of the variance in the control group and
47% in the bipolar group. Cronbach’s alpha was 0.75 for FR and 0.73 for LV. The test-retest reliability was 0.74 for FR and
0.86 for LV (3 wks) and 0.62 for FR and 0.72 for LV (6 mos). LV and FR scores correlated with the Composite Scale
of Morningness score (p50.00001 and p¼ 0.0002, respectively). Second, as compared with controls, patients with
BD were more languid (p50.00001) and showed an evening preference (p¼ 0.0003), but they did not differ from
the controls with regard to flexibility/rigidity. The French version of the CTI appeared to have satisfactory psy-
chometrics characteristics. Bipolar patients exhibited not only abnormalities in phase preference but also in amplitude
as measured by languidity. Since circadian rhythm dysfunction has been shown to predict poor functioning and mood
relapses in interepisodic patients with BD, this tool would appear to be a promising, easy-to-use, measure of the
amplitude and flexibility of circadian rhythms that could enrich the arsenal of assessments used in clinical settings.

Keywords: Amplitude, bipolar disorder, eveningness, phase, rhythms, stability

INTRODUCTION

Bipolar disorder (BD) is a severe and chronic psychiatric

illness that is characterized by alternating (hypo)manic

and major depressive episodes, separated by euthymic

periods (American Psychiatric Association, 2000).

Circadian rhythm disturbances have been associated

to BD during both mood episodes and periods of

remission (Etain et al., 2011; Milhiet et al., 2011).
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Compared with healthy individuals, bipolar patients

in remission display blunted nocturnal melatonin rate,

melatoninergic hypersensibility to light, more variable

sleep-wake cycles assessed by actigraphy, sleep con-

tinuity disturbances measured with polysomnography,

or abnormal fibroblast activity as assessed from

the rhythmic expression patterns of clock genes.

Taking account of circadian disturbances in BD has

opened new avenues in pathophysiological research.

Susceptibility to BD has been associated with several

polymorphisms of circadian genes or melatonergic

pathway genes. It is thought that circadian characteris-

tics are potentially relevant biomarkers of BD, since they

may represent the direct output of an underlying

chronobiological and genetically determined suscepti-

bility to BD (Etain et al., 2011; Leboyer & Kupfer, 2010).

Moreover, consideration of the circadian disturbances

in BD has led to the development and validation of new

therapeutic techniques such as the interpersonal

and social rhythms therapy that has been specifically

conceptualized to enhance circadian rhythms’ stability

in bipolar patients (Frank et al., 2000) and that has been

shown to reduce the likelihood of recurrence during the

maintenance phase (Frank et al., 2005).

More systematic assessments of circadian (and sleep)

disturbances in clinical practice may help develop

novel adjunctive therapeutics and better personalize

the management of BD (Henry et al., 2011; Leboyer &

Kupfer, 2010). However, such assessments are not easy

to use in daily practice: many involve sequential hourly

measures of biochemical parameters, sleep laboratory

assessment, or actigraphy, with a risk of low acceptance

by patients. Access to these methods may therefore

be difficult (or even impossible) for most clinicians,

and these methods have thus been largely limited

to research. Questionnaires represent a noninvasive

method for the assessment of circadian disturbances

and some have been used in BD with interesting results.

Most previous studies have focused on diurnal prefer-

ence and have found an association between the

eveningness and BD (Ahn et al., 2008; Mansour et al.,

2005; Wood et al., 2009). The advantage of such

assessment is the simplicity and rapidity of use, and

the correlation with many endogenous circadian phase

markers, such as melatonin peak time, temperature

nadir, and measures of activity/rest (Duffy et al., 2001).

Although circadian rhythms may be described in terms

of three main characteristics, namely the phase, amp-

litude, and stability of the rhythm, all previous studies

in BD using self-report measures have concentrated on

assessing differences in phase, and information about

amplitude and stability is lacking.

The Circadian Type Inventory (CTI) is a self-assess-

ment questionnaire first developed by Folkard et al. to

improve psychometric properties of the Circadian Type

Questionnaire (Folkard et al., 1979), which was designed

to assess circadian phase, amplitude, and stability

(Di Milia et al., 2005). The first version of the CTI

consisted of 30 items and focused on circadian ampli-

tude and stability assessment only. More specifically,

the CTI describes circadian rhythms as flexible/rigid

(reflecting rhythm stability) and as languid/vigorous

(reflecting rhythm amplitude). For example, rigid types

claim to be less able to sleep at unusual hours and

languid types claim to be lethargic following reduced

sleep. The two principal factors of the 30-item version

explained from 23% to 27% of the variance (Silverio

et al., 1997; Smith et al., 1993). Cronbach’s alphas

were satisfactory for the languid/vigorous scale (.74)

and moderate for flexible/rigid scale (.58) (Smith et al.,

1993). A revised, 18-item version was developed (Barton

et al., 1995). In this revised version, the two factors

explained 26% of the variance and Cronbach’s alphas

were 0.79 for both scales. Psychometric properties of the

CTI were further improved in an 11-item version for

several incremental fit indices (Di Milia et al., 2004).

In this last version, the two factors explained 48% of the

variance and Cronbach’s alphas were high (.80) for the

flexible/rigid scale and satisfactory for the languid/

vigorous scale (.69). All these validation studies were

performed on nonpsychiatric samples and the CTI has

never previously been used on patients with BD.

The first aim of the present study was to validate a

French version of the 11-item CTI, since the CTI is an

easy-to use tool that could potentially be used to enrich

the arsenal of assessments used in clinical settings for

bipolar patients. We chose the short version because

its psychometric properties are better than previous

versions but until now there has not been any validated

French version of the CTI available. The second aim of

the study was to compare bipolar patients and healthy

controls for the circadian parameters assessed by the

CTI and by the Composite Scale of Morningness (CSM)

(Smith et al., 1989). In combination, these two scales

should capture subjective information on circadian

rhythm amplitude, stability, and phase. We hypothe-

sized that patients with BD would be more languid,

more rigid, and have a greater evening preference.

METHODS

Participants and procedure
Before their inclusion, a letter of information was

given to each subject and written informed consent

was signed when appropriate, as required by ethical

procedures in France. The experimental protocol con-

formed to international ethical standards (Portaluppi

et al., 2010).

The bipolar patients (n¼ 140) were adult outpatients

of the French Bipolar Expert Centers Network imple-

mented within the FondaMental Foundation (FACE-BD

for French Advanced Centres of Expertise in Bipolar

Disorders). Inclusion criteria for patients were diagnosis

of bipolar disorder, being in remission, or aged above

18 yrs. Exclusion criteria were current mood episode,

current hospitalization, or aged below 18 yrs. DSM-IV

2 C. Boudebesse et al.
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(Diagnostic and Statistical Manual of Mental Disorders,

Fourth Edition) Axis I comorbidities (with past/current

anxiety disorders or past alcohol/drug misuse) were not

exclusion criteria. DSM-IV Axis II comorbidity was

not assessed for this study. The primary diagnosis was

made by psychiatrists using the Structured Interview

for DSM-IV Axis I Disorders (SCID; First et al., 1995).

Remission was defined by (1) a score 58 on the

Young Mania Questionnaire (YMRS; Young et al.,

1978); (2) a score 58 on the Montgomery and Asberg

Depression Rating scale (MADRS; Montgomery &

Asberg, 1979); and (3) the absence of any major mood

episode according to DMS-IV criteria during the 3 mos

prior to the study. Patients were recruited between

February 2009 and October 2011.

The healthy controls (n¼ 156) were enrolled in an

ongoing study of genetic susceptibility factors to bipolar

disorder (research protocol number C08-29). Inclusion

criterion for controls was aged above 18 yrs. Exclusion

criteria were presence of any DSM-IV axis I psychiatric

disorders or a family history of mood disorders, schizo-

phrenia, or suicide attempts. For this purpose, controls

were assessed with the Diagnostic Interview for Genetic

Studies (Nurnberger et al., 1994) and had no first-degree

relatives with a history of mood disorders, schizophre-

nia, or suicide attempts (as assessed with the Family

Interview for Genetic Studies) (Maxwell, 1992). Controls

were recruited in Créteil (France) between June 2008

and March 2011.

All the participants completed the CTI, the CSM,

the Epworth Sleepiness Scale (Johns, 1991), the MADRS,

and the YMRS in a single session.

For the test-retest reliability analysis, subsamples of

the bipolar patients and the healthy controls completed

the CTI twice at an interval of 3 wks. To assess the

temporal stability of the CTI, a subsample of the bipolar

patients also completed the CTI again after 6 mos

(the test-retest reliability after 3 mos in a nonclinical

sample has been previously reported by Di Milia et al.,

2005). In order to be included, these bipolar patients

had to maintain their remission state for the 6-mo

period preceding the retest.

Description of the scales
The 11-item English version of the CTI (Di Milia et al.,

2005) was translated into French and then back-

translated into English. The back-translation was per-

formed by both English and French native speakers

who had no prior knowledge of the scale.

The questions are concerned with daily habits and

preferences. Individuals have to indicate what they

prefer to do, or can do, and not what they may be

forced to do due to work commitments. Each item is

rated on a 5-point scale ranging from 1 (almost never)

to 5 (almost always). The English version of the CTI

consisted of two subscales: the flexibility/rigidity scale

and the languid/vigorous scale. The flexibility/rigidity

scale score is the sum of items 2, 4, 6, 8, and 10 and

reflects rhythms stability. The languid/vigorous scale

score is the sum of items 1, 3, 5, 7, 9, and 11 and reflects

rhythms amplitude. High scores indicate a tendency

towards the first of the two labels describing the

dimension; that is, languid types or flexible types.

The CSM is 13-item questionnaire of diurnal prefer-

ence. A lower score indicates a preference for activities

in the evening. The Epworth Sleepiness Scale is an

8-item questionnaire assessing daytime sleepiness.

A score above 10 indicates clinically significant daytime

sleepiness. The Epworth Sleepiness Scale was used

to assess the concurrent validity of the CTI. The

MADRS is a 10-item questionnaire assessing current

depressive symptoms. The YMRS is an 11-item ques-

tionnaire assessing current symptoms of mania.

MADRS and YMRS scores below 8 correspond to the

absence of depressive and manic current symptoms,

respectively.

Data analysis strategy
The first aim was to examine the psychometric proper-

ties of the French version of the CTI. We studied the

structure of the CTI using factor analysis with varimax

rotation. Principal components analysis (PCA) requires

factorizable data. To test this assumption on the CTI,

the Bartlett test of sphericity (measuring the presence

of correlation among matrix) and the MSA test (measure

of sampling adequacy) (indicating the degree to which

the variables are related) were used. A significant

Bartlett test and a KMO (Kaiser-Meyer-Olkin) index

above 0.60 allowed a principal components analysis

to be performed. We used an orthogonal approach

(varimax procedure) to determine the factorial structure

of the scale. Cronbach’s alpha was calculated as a

measure of internal consistency. Test-retest reliability

was quantified using intraclass correlation coefficients.

Concurrent validity was tested using Spearman correl-

ation tests between the CTI, CSM, and Epworth scores.

The second aim of the study was to compare bipolar

patients and healthy controls for circadian stability,

amplitude, and phase, as assessed by the CTI and the

CSM questionnaires, using nonparametric analyses

(Wilcoxon test) because these variables did not fulfill

the assumptions of normality. Skewness and kurtosis

values in the whole sample were calculated. Data

analysis was conducted using the R program (R version

2.13.0) (R core team, 2013).

RESULTS

Participants
Sociodemographic and clinical characteristics of the

sample are described in Table 1. Samples were simi-

lar for age and sex ratio. Although the differences

were not clinically significant, bipolar patients exhi-

bited higher scores than controls on the MADRS and

the YMRS.

Chronotypes in Bipolar Disorder 3

! Informa Healthcare USA, Inc.

C
hr

on
ob

io
l I

nt
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
86

.2
12

.7
.9

3 
on

 0
7/

18
/1

3
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Principal components analysis
In both bipolar and control groups, Bartlett tests of

sphericity (measuring the presence of correlation

among matrix) were significant (50.0001) and the

Kaiser-Meyer-Olkin measure of sampling adequacy

(40.70) showed that these samples were appropriate

for the factor analysis. The results of the PCA in the

bipolar group and in the control group are reported

in Tables 2 and 3, respectively. According to the Keiser-

Guttman rule that retains factors with Eigen values

above unity, the PCA resulted in three principal factors

in both groups. These three factors accounted for

62.01% of the variance in the control group and for

56.09% of the variance in the bipolar group. However,

factor 3 consisted of a single item (item 3) in both

groups and in line with Horn parallel analysis, only two

principal factors were retained. Item 3 was incorporated

into factor 2, as its loading on this factor in the

whole sample was close to 0.4. This two-factor model

explained 52% of the variance in the controls and 47%

in the BD cases.

Factor loadings
Loadings on the two principal factors of the CTI in

the two groups are presented in Table 4. A similar item

composition of factors 1 and 2 was observed in both

groups. Factor 1 consisted of items 2, 4, 6, 8, and 10 and

hence was identical to the flexibility/rigidity scale (FR)

of the English version. Factor 2 consisted of items 1, 3, 5,

7, 9, and 11 and was the same as the languid/vigorous

scale (LV) of the English version. The correlations

between the components were small, suggesting they

are assessing different constructs (rho¼�0.06, p¼ 0.49

for patients and rho¼�0.10, p¼ 0.23 for controls). FR

explained 28.3% and 26.1% of the variance, and LV

explained 23.6% and 20.5% of the variance, respectively,

in the controls and bipolar patients.

Internal reliability
The CTI was examined for internal consistency in the

whole sample (N¼ 293). Cronbach’s alpha was 0.75 for

FR and 0.73 for LV.

Test-retest reliability
For the test-retest analysis, the CTI was completed two

times at a 3-wk interval by remitted bipolar patients

(n¼ 28) and healthy controls (n¼ 28). Considering the

whole subgroup (n¼ 56), the test-retest correlation

coefficient was 0.74 for FR and 0.86 for LV. Some bipolar

patients (n¼ 19) completed the CTI two times at a 6-mo

TABLE 1. Sociodemographic and clinical characteristics of the sample.

Characteristics

Bipolar group

(n¼ 140)

Control group

(n¼ 156)

Statistics for Wilcoxon,

Chi2 and t test

Age, mean (SD) 41.57 (12.6) 42.04 (11.5) Z¼ 0.87 p¼ 0.38

Sex, F/M (%F) 72/68 (51%) 84/72 (53%) �2¼ 0.17, df¼ 1, p¼ 0.67

MADRS, mean (SD) 2.97� 2.34 0.62� 1.21 t¼�10.35, df¼ 294, p50.0001

YMRS, mean (SD) 1.32� 1.87 0.15� 0.46 t¼�7.17, df¼ 294, p50.0001

BD subtype I (% of patients)

Type I 60.7%

Type II 32.2%

Type NOS 7.1%

Age at onset of BD, mean (SD) 25.44 (�10)

Duration of illness, mean (SD) 16.1 (�10.3)

Number of major mood episodes,mean (SD) 6.2 (�4.4)

Lifetime history of suicide attempt(% of patients) 33.3%

Lifetime history of rapid cycling(% of patients) 14.5%

SD¼ standard deviation; df¼degree of freedom; NOS: not otherwise specified.

TABLE 4. Factor loadings.

Factor Bipolar group Control group

Factor 1¼ flexible/rigid scale

Item 2 0.75 0.74

Item 4 0.62 0.80

Item 6 0.44 0.47

Item 8 0.39 0.39

Item 10 0.75 0.79

Factor 2¼ languid/vivid scale

Item 1 0.58 0.77

Item 3 0.24 0.32

Item 5 0.63 0.54

Item 7 0.57 0.77

Item 9 0.54 0.66

Item 11 0.62 0.38

TABLE 3. PCA of the CTI in the bipolar group.

Bipolar

group

Eigen

value

Percentage

of variance

Cumulative percentage

of variance

Factor 1 2.88 26.06 26.06

Factor 2 2.25 20.48 46.54

Factor 3 1.05 9.55 56.09

TABLE 2. PCA of the CTI in the control group.

Control

group

Eigen

value

Percentage

of variance

Cumulative percentage

of variance

Factor 1 3.11 28.28 28.28

Factor 2 2.59 23.57 51.85

Factor 3 1.12 10.16 62.01

4 C. Boudebesse et al.
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interval and here the test-retest correlation coefficient

was 0.62 for the FR and 0.72 for LV.

Concurrent validity
Spearman correlation coefficients were used to assess

the concurrent validity of the CTI with the CSM and the

Epworth Sleepiness Scale in the whole sample (bipolar

patientsþhealthy controls). LV scores correlated sig-

nificantly with the CSM scores (rho¼�0.62, p50.00001)

and with the Epworth Sleepiness Scale scores

(rho¼ 0.21, p¼ 0.0003). The FR scores correlated sig-

nificantly with the CSM scores (rho¼�0.21, p¼ 0.0002)

but not with the Epworth Sleepiness Scale scores

(rho¼ 0.009, p¼ 0.87).

Comparison of CTI and CSM Between Remitted
Bipolar Patients and healthy controls
The results of the comparisons between bipolar patients

and healthy controls for CTI FR, CTI LV, and CSM scores

are summarized in Table 5. In the whole sample, for the

two CTI scores, skewness and kurtosis are as followed

(CTI FR skewness¼ 0.19 ; kurtosis¼�0.37 ; CTI LV

skewness¼�0.04 ; kurtosis¼�0.46). Since the CTI

scores did not differ between bipolar type I and type II

patients (data not shown), no stratification of subtypes

was made. Patients with bipolar disorder were signifi-

cantly more languid than healthy controls (p50.00001),

but there was no significant difference with respect to

the flexibility/rigidity scale. Patients with bipolar dis-

order also showed a significantly greater evening pref-

erence compared with healthy controls (p¼ 0.0003). It

should be noted that a sample size of at least 140 cases

and 140 controls provides a power of 99% for CTI LV, of

24% for CTI FR, and of 92% for CSM.

DISCUSSION

The first aim was to validate the French version of

the CTI in a nonclinical sample and in patients with

BD. The PCA showed a two-factor solution that was

the same as the original division of the CTI into two

subscales of flexibility/rigidity and languid/vigorous.

The internal consistency was satisfactory for both

factors and similar to the Cronbach’s alpha coefficients

reported for the English version (Di Milia et al., 2005).

Results obtained regarding explained variance, concur-

rent validity, and test-retest reliability indicated that this

French version of the CTI has satisfactory psychometrics

properties and can be recommended for use in both

nonclinical and clinical samples, such as patients with

BD (and possibly extended to other mood disorders).

The second aim of the study was to characterize the

circadian trait features of bipolar patients compared

with healthy controls. The CTI was chosen to measure

circadian stability and amplitude, and the CSM to assess

circadian phase preference. First, we replicated the

association between BD and evening preferences that

has been suggested by several previous studies using

the ‘‘classical’’ CSM (Ahn et al., 2008; Mansour et al.,

2005; Wood et al., 2009) or interviews (Giglio et al.,

2010a). Secondly, we found that bipolar patients not

only differed in their phase preferences but were also

significantly more languid than healthy participants,

i.e., they reported a higher sensitivity to sleep reduction

and were more lethargic following reduced sleep. This

implies a lower amplitude of their circadian rhythms,

and this is consistent with lower amplitude of the

melatonin peak at night (Nurnberger et al., 2000) and of

the activity rhythm measured by actigraphy (Indic et al.,

2011; Jones et al., 2005). We found no difference

in flexibility/rigidity despite our expectation of more

rigid rhythms in bipolar patients, i.e., a greater sensitiv-

ity to unusual schedules in bipolar patients. Indeed, BD

patients show reliably greater variability of actigraphic

parameters (Ritter et al., 2012) and lower daily lifestyle

regularity as assessed by the Social Rhythm Metrics

(Bullock et al., 2011; St-Amand et al., 2013). In sum, our

data suggest that BD patients differ from controls not

only in terms of their phase preference, but also in terms

of the amplitude, but not the stability, of their circadian

rhythms.

Languid typology has been associated with more

lethargic feelings following reduced sleep, more diffi-

culties with overcoming drowsiness, and a greater

need for sleep (Di Milia et al., 2005). There could be a

link between circadian disturbances and the sleep

disturbances observed in bipolar patients (Harvey,

2008). Evening types have been associated with various

dimensions of personality (Hsu et al., 2012), including

some emotional and affective temperaments (Ottoni

et al., 2011), proneness to depression (Hidalgo et al.,

2009), impulsivity (Selvi et al., 2011), and memory and

attentional problems (Schmidt et al., 2007). It is note-

worthy that all of these dimensions are overrepresented

amongst bipolar patients. These circadian phenotypes

might also be related to the health problems of bipolar

patients, and in particular comorbid somatic conditions

such as increased body fat (Soreca et al., 2009). Further,

they may be related to the patients’ difficulties in

adjusting to the disruption of their social routines

occasioned by the onset of new mood episodes. This

follows from the social zeitgeber (time giver) theory,

which suggests that patients with BD may have suscep-

tible internal circadian oscillators, resulting in less

adaptability and hence contributing to the occurrence

of affective dysregulation (Ehlers et al., 1988; Grandin

et al., 2006). Harvey proposed a model for BD that

TABLE 5. Comparison between the bipolar and the control groups

for CTI and CSM scores.

Score

Bipolar Group

(n¼ 140)

Mean (SD)

Control group

(n¼ 156)

Mean (SD)

Statistics

Wilcoxon

Languid/vivid score 18.71 (4.6) 16.31 (4.5) p50.00001

Flexible/rigid score 13.58 (4.1) 14.16 (4.2) p¼ 0.19

CSM 36.27 (8.3) 39.64 (7.9) p¼ 0.0003
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integrates genetic susceptibility, sleep and circadian

functioning, neurotransmitter output, and mood

deregulation (Harvey, 2008). According to this model,

some genetic variants of candidate genes (mainly circa-

dian ones) predispose individuals to being relatively

less able to adapt their circadian rhythms appropriately

to their environment, and to being prone to sleep

disturbances. Since circadian and neurotransmission

systems are highly connected, circadian and/or sleep-

related abnormalities may affect the functioning of

the dopamine and serotonin circuitry, which in turn

may affect mood regulation.

Further studies should help to clarify how the

CTI (possibly used in conjunction with the CSM) may

contribute to a better understanding of the chronobio-

logical determinants of BD. Studies among nonaffected

relatives of bipolar patients, leading to heritability

estimates of CTI components, and of the correlation

between circadian genes polymorphisms and circadian

phenotypes would be of great interest (Etain et al.,

2011). Prospective studies might also consider testing

whether the circadian characteristics assessed by the

CTI are likely to predict the response to treatments

influencing circadian rhythms (known as ‘‘chronother-

apeutics’’). Lithium, the gold standard of mood stabil-

izers, produces a lengthening of the circadian period,

enhances the amplitude of the PER2 protein rhythms

in the central and peripheral circadian clock (Abe et al.,

2000), and acts on the melatonergic system, since

low doses of lithium carbonate reduce melatonin light

sensitivity in healthy volunteers (Hallam et al., 2005b).

This latter property is shared with valproate sodium,

another mood stabilizer (Hallam et al, 2005a). The

CTI may help to distinguish between good and bad

responders to these treatments and thus help to define

personalized treatment.

The main limitation of this study was the potential

confounding of BD with treatment, since the all-

bipolar patients were receiving (combinations of)

psychotropic medications that may have influenced

the differences observed between the groups. Such a

confounding effect has previously been reported

(Wood et al., 2009), although it is controversial

(Mansour et al., 2005). Further investigation of the

potential effect of psychotropic drugs on circadian

parameters is therefore highly recommended. Further,

the analyses failed to control for the current level of

employment, which may also act as a confounding

factor. Nor can we definitively exclude any effect of

current mood symptoms, although the patients were

all assessed during a period of remission. The polarity

of the last major episode also represents a potential

confounding factor that we were unable to control.

In addition, our sample size may have been insuffi-

cient to detect a potential difference between patients

and controls on the CTI flexibility/rigidity scale.

Likewise we had only a small sample size for the

test-retest reliability analyses. Finally, we were unable

to test the concurrent validity of the CTI against

more objective measures such as the circadian mela-

tonin secretion profile or actigraphy. We are currently

conducting a study to examine the relationship

between the CTI factors and actigraphy measures of

circadian amplitude and stability.

In conclusion, the French version of the CTI has been

validated in a sample of bipolar patients assessed in a

French network of bipolar expert centers and in healthy

participants. The CTI offers a noninvasive (but indirect)

assessment of circadian rhythms among bipolar patients

and may be useful in daily clinical practice to measure

circadian parameters in this population. Since circadian

rhythm dysfunction has been shown to predict func-

tioning in interepisodic patients with BD (Giglio et al.,

2010b) and to be a risk factor for relapses, the CTI would

appear to be a promising, easy-to use, measure of the

amplitude and flexibility of circadian rhythms that

could enrich the arsenal of assessments used in clinical

settings (Henry et al., 2011).

LIST OF FACE-BD COLLABORATORS

FACE-BD Clinical Coordinating Center (FondaMental

Foundation)

C. Henry, M. Leboyer, B. Etain

FACE-BD Data Coordinating Center (FondaMental

Foundation)

H. Laouamri, N. Ngo-Nguyen

FACE-BD Clinical Sites and Principal Collaborators in

France
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Giglio LM, Magalhães PVS, Kapczinski NS, et al. (2010b).

Functional impact of biological rhythm disturbance in bipolar

disorder. J Psychiatr Res, 44, 220–3.

Grandin LD, Alloy LB, Abramson LY. (2006). The social zeitgeber

theory, circadian rhythms, and mood disorders: review and

evaluation. Clin Psychol Rev, 26, 679–94.

Hallam KT, Olver JS, Horgan JE, et al. (2005a). Low doses of lithium

carbonate reduce melatonin light sensitivity in healthy volun-

teers. Int J Neuropsychopharmacol, 8, 255–9.

Hallam KT, Olver JS, Norman TR. (2005b). Effect of sodium

valproate on nocturnal melatonin sensitivity to light in healthy

volunteers. Neuropsychopharmacology, 30, 1400–4.

Harvey AG. (2008). Sleep and circadian rhythms in bipolar

disorder: seeking synchrony, harmony, and regulation. Am J

Psychiatry, 165, 820–9.

Henry C, Etain B, Mathieu F, et al. (2011). A French network of

bipolar expert centres: a model to close the gap between

evidence-based medicine and routine practice. J Affect Disord,

131, 358–63.

Hidalgo MP, Caumo W, Posser M, et al. (2009). Relationship

between depressive mood and chronotype in healthy subjects.

Psychiatry Clin. Neurosci, 63, 283–90.

Hsu C-Y, Gau SS-F, Shang C-Y, et al. (2012). Associations between

chronotypes, psychopathology, and personality among incom-

ing college students. Chronobiol Int, 29, 491–501.

Indic P, Salvatore P, Maggini C, et al. (2011). Scaling behavior of

human locomotor activity amplitude: association with bipolar

disorder. PLoS ONE, 6, e20650 1–8.

Johns MW. (1991). A new method for measuring daytime sleepi-

ness: the Epworth sleepiness scale. Sleep, 14, 540–5.

Jones SH, Hare DJ, Evershed K. (2005). Actigraphic assessment

of circadian activity and sleep patterns in bipolar disorder.

Bipolar Disord, 7, 176–86.

Leboyer M, Kupfer DJ. (2010). Bipolar disorder: new perspectives

in health care and prevention. J Clin Psychiatry, 71, 1689–95.

Mansour HA, Wood J, Chowdari KV, et al. (2005). Circadian

phase variation in bipolar I disorder. Chronobiol Int, 22,

571–84.

Maxwell M. (1992). Manual for the figs. Clinical Neurogenetics

Branch, Intramural Research Program, National Institute of

Mental Health.

Milhiet V, Etain B, Boudebesse C, Bellivier F. (2011). Circadian

biomarkers, circadian genes and bipolar disorders. J Physiol

Paris, 105, 183–9.

Chronotypes in Bipolar Disorder 7

! Informa Healthcare USA, Inc.

C
hr

on
ob

io
l I

nt
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
86

.2
12

.7
.9

3 
on

 0
7/

18
/1

3
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



Di Milia L, Smith PA, Folkard S. (2004). Refining the psychometric

properties of the circadian type inventory. Pers Individ Dif, 36,

1953–64.

Di Milia L, Smith PA, Folkard S. (2005). A validation of the revised

circadian type inventory in a working sample. Pers Individ Dif,

39, 1293–305.

Montgomery SA, Asberg M. (1979). A new depression

scale designed to be sensitive to change. Br J Psychiatry, 134,

382–9.

Nurnberger Jr JI, Adkins S, Lahiri DK, et al. (2000). Melatonin

suppression by light in euthymic bipolar and unipolar patients.

Arch Gen Psychiatry, 57, 572–9.

Nurnberger Jr JI, Blehar MC, Kaufmann CA, et al. (1994).

Diagnostic interview for genetic studies. Rationale, unique

features, and training. NIMH Genetics Initiative. Arch Gen

Psychiatry, 51, 849–59; discussion 863–864.

Ottoni GL, Lorenzi TM, Lara DR. (2011). Association of

temperament with subjective sleep patterns. J Affect Disord,

128, 120–7.

Portaluppi F, Smolensky MH, Touitou Y. (2010). Ethics and

methods for biological rhythm research on animals and

human beings. Chronobiol Int, 27, 1911–29.

R Core Team. (2013). R: A Language and Environment for

Statistical Computing. Vienna, Austria: R Foundation for

Statistical Computing. http://www.R-project.org

Ritter PS, Marx C, Lewtschenko N, et al. (2012). The characteristics

of sleep in patients with manifest bipolar disorder, subjects

at high risk of developing the disease and healthy controls.

J Neural Transm 119:1173–84.

Schmidt C, Collette F, Cajochen C, Peigneux P. (2007). A time

to think: circadian rhythms in human cognition. Cogn

Neuropsychol, 24, 755–89.

Selvi Y, Aydin A, Atli A, et al. (2011). Chronotype differences in

suicidal behavior and impulsivity among suicide attempters.

Chronobiol Int, 28, 170–5.

Silverio J, Silva C, Azedevo M. (1997). Shiftwork, health and

individual difference: the Portuguese version of the circadian

type inventory (CTI). Shiftwork Int Newsl, 14, 89.

Smith PA, Brown DF, Di Milia L, Wragg C. (1993). The use of the

Circadian Type Inventory as a measure of the circadian

constructs of vigour and rigidity. Ergonomics, 36, 169–75.

Smith CS, Reilly C, Midkiff K. (1989). Evaluation of three circadian

rhythm questionnaires with suggestions for an improved

measure of morningness. J Appl Psychol, 74, 728–38.

Soreca I, Fagiolini A, Frank E, et al. (2009). Chronotype and body

composition in bipolar disorder. Chronobiol Int, 26, 780–8.

St-Amand J, Provencher MD, Bélanger L, Morin CM. (2013).

Sleep disturbances in bipolar disorder during remission.

J Affect Disord. Mar 20, 146, 112–19.

Wood J, Birmaher B, Axelson D, et al. (2009). Replicable differences

in preferred circadian phase between bipolar disorder patients

and control individuals. Psychiatry Res, 166, 201–9.

Young RC, Biggs JT, Ziegler VE, Meyer DA. (1978). A rating scale

for mania: reliability, validity and sensitivity. Br J Psychiatry,

133, 429–35.

8 C. Boudebesse et al.

Chronobiology International

C
hr

on
ob

io
l I

nt
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
86

.2
12

.7
.9

3 
on

 0
7/

18
/1

3
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/ColorImageResolution 150
	/GrayImageFilter /DCTEncode
	/DownsampleMonoImages true
	/PreserveDICMYKValues false
	/ColorImageFilter /DCTEncode
	/EncodeGrayImages true
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/NOR <>
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/CompressObjects /Tags
	/ColorImageDownsampleThreshold 1.5
	/AntiAliasGrayImages false
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/MonoImageMinResolution 600
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CompatibilityLevel 1.6
	/GrayImageDownsampleType /Bicubic
	/PDFXOutputCondition ()
	/PassThroughJPEGImages false
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice




