
DEPRESSION AND ANXIETY 00:1–9 (2015)

Research Article
CHRONOTYPE ASSOCIATIONS WITH DEPRESSION AND

ANXIETY DISORDERS IN A LARGE COHORT STUDY

Niki Antypa, Ph.D.,1,** Nicole Vogelzangs, Ph.D.,2 Ybe Meesters, Ph.D.,3 Robert Schoevers, M.D., Ph.D.,3
and Brenda W. J. H. Penninx, Ph.D.2∗

Background: The chronotype, being a morning or an evening type, can influ-
ence an individual’s psychological health. Studies have shown a link between
depressed mood and being an evening type; however, most studies have used
symptom scales and not diagnostic criteria, and confounding factors such as sleep
patterns and somatic health factors have often not been considered. This study
aims to examine the association between chronotype and depressive (major de-
pressive disorder (MDD), dysthymia) and anxiety (generalized anxiety disorder,
panic disorder, agoraphobia, and social phobia) disorders diagnosed using clin-
ical interviews, while taking into account relevant sociodemographic, clinical,
somatic health, and sleep parameters. Methods: Data from a large cohort, the
Netherlands Study of Depression and Anxiety were used (n = 1,944), which in-
cluded 676 currently depressed and/or anxious patients, 831 remitted patients,
and 437 healthy controls. Chronotype was assessed using the Munich Chronotype
Questionnaire. Results: Our results showed that current depressive and/or anx-
iety disorders were associated with a late chronotype (β = .10, P = .004) even
when adjusting for sociodemographic, somatic health, and sleep-related factors
(β = .09, P = .03). When examining each type of disorder separately, MDD
only, but not dysthymia or specific anxiety disorders, was associated with the late
chronotype. The late chronotype also reported significant diurnal mood varia-
tion (worse mood in the morning). Conclusions: Our findings show a clear
association between MDD and late chronotype (being an evening type), after
controlling for a range of pertinent factors. A late chronotype is therefore asso-
ciated with a current status of MDD and deserves the relevant clinical attention
when considering treatments. Depression and Anxiety 00:1–9, 2015. C© 2015
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INTRODUCTION
Circadian rhythms vary across individuals. Circadian
typology consists of three chronotypes: morning type,
evening type, and intermediate type.[1] People in either
extreme category prefer to perform physical and mental
activities at the respective time of day, i.e. morning
types in the morning and evening types in the evening.
About 40% of the population can be classified as either
morning or evening type.[1] The “biological clock”
(suprachiasmatic nuclei (SCN) and its network) is
involved mainly in the regulation of the timing of both
sleep and wakefulness,[2] and is influenced by many
factors like genes, peripheral hormones, and peptides
as well as environmental factors like light and stress.[3]

The biological clock network affects wake-behavior
and consequently a person’s chronotype.[4] In order
to assess chronotypes, the most used measure is the
Morningness-Eveningness Questionnaire (MEQ),[5]

but more recently, the Munich Chronotype Question-
naire (MCTQ) has been developed, which distinguishes
sleep behavior in the work days and free days.[6] The
MCTQ correlates with the MEQ (r = –0.73).[7]

There is accumulating research showing that circa-
dian rhythmicity influences a person´s psychological
health. Specifically, the evening type has been associated
with depression in a number of studies. Drennan et al.[8]

initially showed that depressed patients showed more
eveningness than controls and a number of studies
thereafter have demonstrated an association between
eveningness and depressive mood.[9–12]

Sleep disturbances, often present in depressive
disorders, have also been associated with chrono-
types. Hypersomnia is more common in the evening
chronotype[13] and eveningness and insomnia were
recently found to predict nonremission in depressed
patients.[14] However, sleep problems may not be the sole
factor explaining the link between circadian typology
and depression. A study designed to examine whether
sleep problems (daytime sleepiness, insomnia) mediate
the association between eveningness and negative emo-
tionality, found that eveningness was an independent
risk factor.[15] Eveningness was also associated with
increased severity and suicidal thoughts in depressed pa-
tients (n = 100), whereas no association was found with
sleep parameters in this group.[16] Another study showed
that eveningness was associated with an increased risk
of suffering from depressive states (OR = 1.96),
even after adjusting for sleep-related factors.[10]

Diurnal mood variation is one of the characteristics
of the melancholic subtype of depression and like
many physiological variables it has a circadian pattern
and is influenced by sleep.[17] In the STAR∗D trial,
diurnal mood variation was reported by approximately

one-fourths of depressed participants and was not
attributed to environmental factors for the majority of
subjects.[18] Morning and evening worsening of mood
were the most common features, and both related to
additional melancholic symptoms in that sample.[18]

Chronotype information was not reported so we lack
information in large cohorts about how mood varies
according to diagnostic status and chronotype. Other
studies have reported irregularity and variation in fre-
quency of mood fluctuations in depressed samples[19, 20]

with a delay in a positive affect increment during the
day compared to healthy controls.[20, 21] In an insomniac
sample, evening types also reported lower positive
affect than morning types, and differences were more
pronounced in the morning and afternoon hours.[22]

Less is known about the association between chrono-
types and anxiety disorders and results are mixed. In
college samples, evening types reported more anxiety
symptoms.[23, 24] In a large in-patient sample (n = 1468),
anxiety was associated with eveningness.[25] However,
in an adolescent sample the evening chronotype was not
associated with anxiety disorders,[26] and also in a large
cohort of adult fibromyalgia patients, chronotype was
not related to anxiety.[27]

Other factors that have been related to chronotypes
and often also to psychopathology include somatic health
factors, such as dietary intake, body mass index (BMI),
smoking behavior, and alcohol use.[1, 28, 29] Evening
types have been associated with an increased BMI[30–32]

but also with lower BMI[33] and no differences between
groups have also been reported[34] Increased smoking
and alcohol behaviors are also observed in evening types
compared to morning ones.[35–38] Increased smoking
among late (evening) types has been suggested to be a
consequence of “social jetlag,” namely, the discrepancy
between biological and social rhythms (work day vs. free
day schedules),[39] emphasizing the need to adjust these
schedules in order to reduce such maladaptive behaviors.

In sum, people’s chronotype may influence their vul-
nerability to psychopathology. Although a number of
studies show an association between depression-related
outcomes and the evening chronotype, large represen-
tative samples are lacking to confirm this association and
only few studies have examined anxiety disorders. Most
studies have based their findings on symptom checklists
rather than clinical diagnoses[9–12], [27] and many lack in-
formation on additional factors that are known to influ-
ence chronotypes, such as somatic health factors, sleep
parameters, or medication use. This study aims to exam-
ine the association between chronotypes and the pres-
ence of depressive and anxiety disorders (using clinical
diagnostic instruments) in a large cohort, while taking
into account relevant sociodemographic, somatic health,
and sleep factors. Moreover, we examined whether
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chronotypes are associated with a remitted state of these
disorders, as well as with which specific type of depres-
sive or anxiety disorder an association can be observed.

METHODS
PARTICIPANTS

Participant data for the present study came from the Netherlands
Study of Depression and Anxiety,[40] a longitudinal cohort study, which
follows the course of depressive and anxiety disorders (n = 2,981 at
baseline). A detailed description of the study’s rationale, methods, and
recruitment strategies has been described elsewhere.[40] In brief, par-
ticipants were recruited from the general community (n = 564), from
general practice (primary care) (n = 1,610), and from mental health
organizations (n = 807), this way composing a representative sample
from different settings and developmental stages of psychopathology.
From primary care, data from 65 general practitioners were obtained
and a three-stage screening procedure was followed (including a ques-
tionnaire and phone screenings). The community sample was built
from two cohorts that were already available from prior studies (the
Netherlands Mental Health Survey and Incidence Study which used a
multistage, stratified sampling procedure of a random sample of private
households in 90 Dutch municipalities and the Adolescents at Risk for
Anxiety and Depression study). Recruitment from mental health care
included outpatient clinics, where participants were mainly selected on
the basis of structured intake interviews. Recruitment of the baseline
assessment took place from September 2004 and ended in February
2007. In September 2006 the two-year assessment began. The main
inclusion criterion was an age of 18 through 65 years. The study had
few exclusion criteria: a primary diagnosis of psychotic, obsessive com-
pulsive, bipolar, or severe addiction disorder and not being fluent in
Dutch.The ethical committees of all participating institutes approved
the research protocol and all respondents provided written informed
consent.

Data from participants who participated at both baseline and the
2-year follow-up assessments were included for this study. Of the 2,981
participants assessed at baseline, 2,596 (87.1%) participated in the
2-year follow-up; nonresponders were more likely to be younger, with
lower education and with a depressive disorder.[41] The chronotype
measurement and all covariates were assessed at the 2-year measure-
ment and lifetime status of psychopathology was determined using
baseline and 2-year follow-up data (data from both time points were
required to classify psychopathology and healthy groups).

MEASURES
Chronotype. Chronotype was assessed with the Munich

Chronotype Questionnaire (MCTQ, [6]). The MCTQ is a self-report
questionnaire, which contains 29 questions about times of waking up
and falling asleep on work days and on free days. Chronotype has been
defined as the midpoint in time between falling asleep and waking up
on free days (Mid Sleep on Free Days (MSF)), since it is most likely to
be accurate when one’s natural circadian rhythm can be observed, with-
out the interference of work schedules and alarm clocks.[6,42] There-
fore, the measure relies only on the sleep-wake cycle (wake-onset and
sleep-onset), which is in turn dictated by circadian clock processes
such as body temperature.[43] A higher time point on the MSF im-
plies a later chronotype (evening type) and a lower time point implies
an earlier chronotype (morning type). However, for late chronotypes,
sleep duration during the workdays may be decreased due to working
schedule demands and compensated for during the free days, there-
fore a “sleep debt” is accumulated, leading to a much higher MSF.
An improved measure has been developed, namely, the midsleep on

free days corrected for the sleep-debt accumulated during the work
week (MSFsc).[6] This is calculated by subtracting from the MSF half
of the difference between sleep duration on free days and average total
sleep duration (see supplement of[44] for correction algorithm). For our
analyses, we used this more sophisticated outcome (MSFsc) to mea-
sure chronotype as a continuous trait; the correlation between MSF
and MSFsc was r = .91, P < .001 in our sample. We also performed
some exploratory analyses using categories (“early,” “intermediate,” or
“late” chronotypes) for descriptive purposes. Categorization was based
on quintiles of the MSFsc score, where early chronotype was the first
quintile (lowest score), intermediate chronotype consisted of the 2nd,
3rd, and 4th quintiles, and the late chronotype was the fifth quintile
(highest score) (as previously reported).[27,29]

Psychopathology. Depressive (major depressive disorder
(MDD) and dysthymia) and anxiety (social phobia, generalized anxiety
disorder, panic disorder, and agoraphobia) disorders were determined
using the Composite International Diagnostic Interview (both at
baseline and 2-year follow-up) (CIDI; version 2.1), a standardized
diagnostic psychiatric interview that uses DSM-IV criteria to establish
diagnoses.[45] Participants were categorized as follows: no lifetime
depressive or anxiety disorder (as derived from baseline and 2-year
measurement), current depressive and/or anxiety disorder (diagnosis
present during the past six months, as derived from the 2-year
measurement) or remitted disorder (past depressive and/or anxiety
disorder, no current disorder in past six months) (as derived from
baseline and 2-year measurement).

Other Clinical Characteristics. At the 2-year measurement,
severity of depressive symptoms was measured with the Inventory of
Depressive Symptoms (IDS), a 30-item self-report questionnaire.[46]

Diurnal mood variation (DMV) was measured with the IDS item 9a:
“Mood in relation to the time of day”: (i) “There is no regular relation-
ship between my mood and the time of day”; (ii) “my mood often relates
to the time of day because of environmental events (e.g. being alone,
working)”; (iii)“in general, my mood is more related to the time of day
than to environmental events”; (iv) “my mood is clearly and predictably
better or worse at a particular time each day.” Participants who chose
(iii) or (iv) were subsequently asked item 9b: Is your mood typically
worse in the morning, afternoon or night? We coded diurnal mood
variation as: (1) mood not related to time of day; (2) mood worse in the
morning; (3) mood worse in the afternoon/night. Severity of anxiety
symptoms was measured with the Beck Anxiety Inventory (BAI).[47]

Antidepressant and benzodiazepine use in the past month was classi-
fied according to the World Health Association’s Anatomical Ther-
apeutic Chemical Classification System (ATC). Antidepressants were
categorized as selective serotonin reuptake inhibitors (SSRIs, ATC
code NO6AB), tricyclic antidepressants (TCAs, ATC code NO6AA),
and other antidepressants (ATC codes N06AF and N06AX). For ben-
zodiazepines ATC codes NO5BA, NO5CF, NO5CD, and NO3AE
were used if indicated use was frequent (�50% of the days during past
month).

Covariates. Sociodemographic factors (assessed at the 2-year
measurement) that were associated with both chronotype and with psy-
chiatric disorders included age, gender, education (in years), working
status, having a partner and having children living in the household. So-
matic health factors such as BMI, smoking, alcohol intake, and chronic
diseases have been associated with chronotypes[1,28] and were also con-
sidered in our analyses. BMI was calculated as weight in kilograms di-
vided by height in meters squared. Smoking was based on self-report
(currently smoking: yes/no). For alcohol consumption, we used the Al-
cohol Use Disorder Identification Test (AUDIT), which consists of 10
items measuring frequency and quantity of drinking as well as depen-
dency symptoms.[48] The following self-reported chronic diseases for
which participants received treatment were assessed: chronic nonspe-
cific lung disease, heart condition, diabetes, stroke, arthritis, cancer,
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hypertension, intestinal disorders, and thyroid gland disease; a total
number of diseases was recorded. Insomnia and sleep duration were
taken into account in our analyses, since both have been linked to de-
pressive and anxiety disorders in NESDA.[49] Insomnia was measured
with the Women’s Health Initiative Insomnia Rating Scale (IRS)[50]

that consists of five questions concerning sleep (trouble falling asleep,
waking up during the night, early morning awakenings, trouble getting
back to sleep after waking up and sleep quality) during the past four
weeks. Average sleep duration in hours per night was calculated from
the MCTQ and was used as a continuous measurement.

Statistical Analyses. Data were analyzed using IBM SPPS
Statistics 21.0 (SPSS Inc, Chicago, Illinois). Sociodemographic and
clinical characteristics were compared between chronotype categories
(early, intermediate, and late). Correlations between MSFsc and sleep
duration were calculated using Pearson’s Correlation coefficient. Lin-
ear regression analyses were performed with MSFsc (continuous score)
as the outcome variable and psychopathology (categories) as main pre-
dictor variables. First, we adjusted for sociodemographic variables (age,
gender, education, and employment, having a partner and having chil-
dren in the household). Second, in addition to previous covariates, we
adjusted for somatic health factors (BMI, chronic diseases, smoking,
and alcohol) and for sleep variables (insomnia and sleep duration). In
a regression model, we also examined to what extent diurnal mood
variation and specific type of depressive/anxiety disorder are associ-
ated with chronotype, considering other covariates (age, gender, and
psychotropic drugs).

RESULTS
PARTICIPANT FLOW

Of the 2,596 individuals participating in the 2-year in-
terview, 269 did not fill out the MCTQ. Of the remain-
ing 2,327 participants, 1,944 participants had sufficient
data for the computation of our main outcome: midsleep
on free days, adjusted for sleep-deficit on working days
(MSFsc).

SAMPLE DESCRIPTION
The total sample (n = 1,944) had a mean age of 42.8

± 12.7, with a range from 19 to 68 years old, and 66.3%
(n = 1,289) were females. The mean MSFsc was 4.03
± 1.03, with a range from 0.91 to 9.81. For descrip-
tive purposes, Table 1 shows the baseline characteris-
tics of the sample stratified by chronotype groups: early
(MSFsc range: 0.91–3.25), intermediate (MSFsc range:
3.26–4.79), and late chronotypes (MSFsc range: 4.80–
9.81). Late chronotypes were younger, less likely to be
female, had more years of education, were less likely
to be working and less likely to have a partner or chil-
dren. With regard to psychopathology, late types were
more likely to belong to the currently depressed and/or
anxious group and depression and anxiety severity were
higher in the late group. With regard to diurnal mood
variation, the late chronotype was more likely to state
that their mood was related to the time of day, report-
ing worse mood in the morning. Use of antidepressant
medication did not differ between the three chrono-
type groups. Early types were more likely to frequently
use benzodiazepines compared to the intermediate and
late chronotype groups. Differences in sleep problems

were also found between chronotype groups, with lower
prevalence of insomnia in the late type group compared
to the early type. Average sleep duration was slightly
higher in the late group. Of note, correlations between
MSFsc and sleep duration were weak (r = .09) indicat-
ing that the two constructs can be seen as independent.
BMI was slightly lower in late types, and the morning
type had a higher mean number of chronic diseases. Late
types were more likely to be smokers and scored higher
on the alcohol use measure (AUDIT).

ASSOCIATION BETWEEN CHRONOTYPE AND
PSYCHOPATHOLOGY

Multiple regression analyses with MSFsc as continu-
ous outcome were performed (Table 2). In model 1, we
examined the association between chronotype and psy-
chopathology status, adjusting for socio-demographic
variables. All sociodemographic characteristics were
significant predictors. Individuals with current depres-
sive and/or anxiety disorders had a later chronotype;
results for individuals with remitted disorders were
similar but did not reach statistical significance. In
model 2, additional somatic health factors and sleep
factors were entered as competing predictors. Current
smokers and alcohol users had a later chronotype,
whereas insomnia was less likely as chronotype in-
creased. Current depressive and/or anxiety disorders
remained a significant predictor of a later chronotype in
the adjusted model (Table 2), which was not the case for
remitted depressive and/or anxiety disorders. We briefly
examined demographic and clinical differences between
the current psychopathology group, remitted group,
and healthy group (Supporting Information Table S1).
In short, there were no age differences between the
groups (which is important to note, since age is strongly
related to chronotype).[42, 51] As expected, the current
psychopathology group also reported higher depressive
and anxiety symptoms, as well as more diurnal mood
variation compared to the other groups.

We subsequently examined which specific depressive
and anxiety disorders are associated with chronotype
(Table 3). A regression model, with age and gender as
covariates showed that only MDD (β = .07, P = .006)
was a significant predictor of chronotype; individuals
with current MDD had an increased chance of having
a later chronotype. Dysthymia and all anxiety disorders
(panic disorder, agoraphobia, social anxiety disorder,
and generalized anxiety disorder) were not significant
predictors of chronotype (P’s > .05). In a second model,
we also added diurnal mood variation and psychotropic
drug use indicators to the model. Current MDD re-
mained the only significant type of disorder predicting
chronotype (β = .05, P = .04). Psychotropic medication
was not associated with chronotype. Diurnal mood
variation was predictive of chronotype, specifically,
those who reported worse mood in the morning had a
later chronotype (β = .12, P < .001).
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TABLE 1. Socio-demographic, clinical, and health characteristics according to chronotype groups (n = 1,944)

“Early” Chronotype “Intermediate” Chronotype “Late” chronotype
(n = 409) (n = 1,148) (n = 387)

Chronotype (MSFsc), range (hours) 0.91−3.25 3.26−4.79 4.80−9.81
Chronotype (MSFsc) (mean ± SD) 2.81 ± 0.42 3.96 ± 0.41 5.59 ± 0.81
Socio-demographics
Age (M years ±SD) 45.8 ± 11.9 43.2 ± 12.5 38.3 ± 13.2
Female gender, N (%) 67.0% 68.6% 58.7%
Education (M years ±SD) 11.9 ± 3.3 13.2 ± 3.2 13.1 ± 3.2
Currently working, N (%) 295 (73.2%) 840 (74.7%) 253 (66.8%)
Partner present, N (%) 301 (88.8%) 685 (81.5%) 164 (71.6%)
Presence of children in the household, % 183 (54.0%) 400 (47.6%) 67 (29.3%)
Clinical characteristics
Psychopathology status N(%)
-no lifetime depression or anxiety 99 (24.2%) 272 (23.7%) 66 (17.1%)
-remitted depression or anxiety 171 (41.8%) 510 (44.4%) 150 (38.8%)
-current depression or anxiety (past six months) 139 (34.0%) 366 (31.9%) 171 (44.2%)
Depression severity (total IDS; M ± SD)� 15.66 ± 12.37 13.97 ± 10.73 16.85 ± 12.24
Anxiety severity (BAI; M ± SD) 8.51 ± 8.94 7.37 ± 7.49 9.09 ± 8.82
Diurnal Mood Variation
Mood not related to the time of day 313 (77.9%) 841 (74.9%) 244 (64.4%)
Mood worse in the morning 39 (9.7%) 146 (13.0%) 88 (23.2%)
Mood worse in the afternoon/evening 50 (12.4%) 136 (12.1%) 47 (12.4%)
Use of antidepressants, N (%)
-SSRI 46(11.2%) 152(13.3%) 62 (16.1%)
-TCA 9 (2.2%) 29 (2.5%) 9 (2.3%)
-Other antidepressants 25 (6.1%) 55 (4.8%) 16 (4.1%)
Frequent use of benzodiazepines, N(%) 23 (5.6%) 28 (2.4%) 15 (3.9%)
Presence of insomnia, N (%) 183 (44.7%) 388 (33.8%) 120 (31.1%)
Insomnia score (M ± SD) 7.91 ± 4.85 6.87 ± 4.54 6.74 ± 4.23
Average sleep duration (M hours ± SD) 7.65 ± 1.09 7.74 ± 0.98 7.84 ± 1.18
Somatic health factors
BMI (M ± SD) 26.22 ± 4.72 25.53 ± 4.64 24.71 ± 4.72
Nr. of chronic diseases (M ± SD) 0.77 ± 0.97 0.59 ± 0.82 0.55 ± 0.80
Currently smoking, N(%) 96 (34.2%) 301 (38.2%) 176 (56.4%)
Alcohol use disorder identification test (M ± SD) 3.61 ± 4.14 4.67 ± 4.32 6.61 ± 5.67

IDS, inventory of depressive symptoms; BAI, beck anxiety index; BMI, body mass index; MSFsc, midsleep on free days; adjusted for sleep-deficit
on working days, M, mean; SD, standard deviation.
�IDS: removal of 4-sleep items from the total score showed same pattern of difference in symptoms: early CT 12.87 ± 11.29, intermediate CT
11.58 ± 9.81, late CT 14.22 ± 11.25, P < .001.

DISCUSSION
In the present study, we found an association be-

tween current MDD and a late chronotype, whereas
associations with dysthymia or anxiety disorders were
not maintained when looking at each specific type of
disorder separately. In addition, persons with remitted
disorders did not show such a strong association with
chronotype. Our main findings are in line with prior
literature showing an association between later (or
evening) types and depression levels.[10–12], [52] We have
extended these findings by showing that this association
holds when psychiatric diagnoses are considered (not
just symptom scales) and when a number of clinical, sleep
and somatic health factors have been controlled for.

The association with MDD is in line with the
observed link between diurnal mood variation and
chronotype. Late types were more likely to report worse
mood in the morning than the other groups. Diurnal

mood variation could also explain the stronger associa-
tion found between the current psychopathology group
and chronotype, since remitted patients were less likely
to report diurnal mood variation (supplementary data).
In line with our observations, studies using ecological
momentary assessments have shown lower positive
affect in the morning for evening types, suggesting that
this group may be more susceptible to depression due to
their likelihood to have a delayed and blunted positive
affect rhythm.[53, 54] Similarly, self-reported arousal has
been found to be lower in evening types in the morning
compared to the evening hours (opposite pattern is
found for morning types).[55] Apart from diurnal mood
variation as a potential explaining factor linking the
late chronotype with depresssion, the association could
arise from multiple other sources and interactions.
For example, lower exposure to light could influence
the biological clock and mood[56] and evening types
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TABLE 2. Results of associations between chronotype (MSFsc outcome) and sociodemographic, sleep, and somatic
health factors∗

Model 1 Model 2
β P β P

Demographics
Age −.15 <.001 −.11 .002
Female gender −.06 .02 −.02 .57
Education (years) .10 <.001 .09 .009
Currently working −.05 .049 −.06 .07
Partner present −.12 <.001 −.11 .001
Presence of children in household −.17 <.001 −.16 <.001
Somatic health factors
BMI −.007 .82
Number of chronic diseases −.02 .51
Currently smoking .14 <.001
Alcohol use disorder identification test .18 <.001
Sleep factors
Insomnia rating scale −.08 .02
Average sleep duration −.01 .72
Psychopathology
-no lifetime depressive or anxiety disorders Ref. Ref. Ref. Ref.
-remitted depressive or anxiety disorders .05 .16 .02 .61
-current depressive and/or anxiety disorders .10 .004 .09 .03

∗Multiple linear regression analyses.
Model 1: Socio-demographics and psychopathology as predictors of chronotype.
Model 2: Model 1+ somatic health factors and sleep factors as predictors of chronotype.
MSFsc, midsleep on free days; adjusted for sleep-deficit on working days; BMI, body mass index; Ref, reference category.

may be less likely to be exposed to light due to their
social rhythms; light therapy has been associated with
a shift in the circadian phase.[57, 58] Furthermore, the
evening type has been associated with personality traits
known to be risk factors for psychopathology, such as
neuroticism, novelty seeking, and harm avoidance,[23],
[59–61] (for the latter two traits mixed findings have been
reported,[23, 59, 62]) as well as increased sensation seeking
attitudes and impulsivity.[24, 63, 64] Other traits more
closely related to depression, such as ruminative thinking
remain to be explored in relation to chronotypes.

We also found that a range of sociodemographic,
clinical, and somatic health characteristics were related
to a later chronotype. Specifically, we found that being
younger and male having higher education and having
no partner or children in household were associated with
a later chronotype, suggesting to a certain extent that
social/family obligations may play a role. With regard
to gender, prior studies have also found an evening
preference to be associated with the male gender,[65, 66]

however the opposite pattern (evening type more preva-
lent among women) has also been reported in a Finnish
cohort[67] and no differences between the two sexes have
also been found.[68] Eveningness has been previously
linked to poor educational performance in adolescent
and university samples,[69, 70] but not in older adults,[71]

as in our study. With regard to somatic health factors,
a higher BMI and a higher number of chronic diseases
was observed in the early chronotype, however these
factors were not significant predictors in the adjusted
regression models. Prior literature has shown that

evening types have increased body fat and BMI[30, 31] but
also lower BMI in another study[33] and null associations
have also been reported.[34] We found increased number
of smokers and alcohol users among late chronotypes
in our sample, and these factors were also predictive of
chronotype. This is in line with prior research showing
increased smoking and alcohol behaviors in evening
types in university samples [35–37] and in older adult
samples.[38] Interestingly, monozygotic twin differences
in chronotypes have been found in relation to educa-
tional attainment and smoking (but not alcohol), indicat-
ing that these behaviors may be more environmentally
determined than genetically.[72] Increased smoking
in late chronotypes has been described as a possible
reaction to social jetlag, namely the difficulty to adapt to
work day schedules in contrast to free day schedules.[39]

Although a prior study showed that only those late
types who smoked and used alcohol were likely to suffer
from psychological distress,[73] our study showed that
the association between the late chronotype and MDD
remains, even after controlling for smoking effects.

In relation to sleep parameters we observed that
insomnia levels decreased in later chronotypes whereas
average sleep duration was not predictive of chrono-
type. In prior research, eveningness and insomnia were
shown to be independent predictors of depression and
its nonremission.[14] Evening types seem to report
more total sleep time or time in bed,[74] however,
studies have also underlined that evening types are also
more likely to report poor sleep quality overall [75, 76]

and hypersomniacs are also more likely to be evening
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TABLE 3. Regression analysis with MSFsc (as outcome) and each type of depressive and anxiety disorders as predictors
of chronotype (n = 1,937)

Model 1 Model 2
β P β P

Age −0.22 <.001 −0.22 <.001
Female −0.09 <.001 −0.09 <.001
Diurnal mood variation
Mood not related to the time of day Ref. Ref.
Mood worse in the morning .12 <.001
Mood worse in the afternoon/night −.01 .64
Psychotropic drug use
- SSRI 0.03 0.19
- Other antidepressants −0.03 0.28
- TCA 0.02 0.30
- Benzodiazepines −0.02 0.44
Psychopathologya

Dysthymia −0.02 0.34 −0.02 0.36
Major depression 0.07 0.006 0.05 0.04
Social phobia 0.03 0.19 0.03 0.25
Panic with agoraphobia 0.01 0.72 0.004 0.87
Panic without agoraphobia −0.01 0.61 −0.02 0.48
Agoraphobia −0.01 0.57 −0.02 0.49
Generalized anxiety disorder 0.02 0.40 0.02 0.43

Model 1 adjusted for age and gender.
Model 2: Model 1 + psychotropic drug use and diurnal mood variation.
aDiagnosis present (past 6 months).
SSRI, selective serotonin reuptake inhibitors; TCA, tricyclic antidepressants.

types.[13] Our findings point out that the association
between depression and a later chronotype cannot be
solely explained by sleep factors such as insomnia or
sleep duration (in line with prior literature.[10])

Our study has several strengths. The large sample size
with DSM-IV clinical diagnoses of depressive and anx-
iety disorders make it the first one to show associations
with each specific disorder and chronotypes. In addition,
we could adjust for a number of confounding factors
(sociodemographic, clinical, somatic health, and sleep)
and get more insight in the diurnal mood variation in
that sample. Limitations of the study include the use of
self-report for chronotype and sleep measures. It may
be the case that patients have a distorted perception of
times of going to sleep and waking up, however, even
if this is the case, the associations remain informative.
Finally, this is a cross-sectional analysis, allowing no
inference about the direction of causality underlying
the chronotype—psychopathology association.

In conclusion, this study showed an association
between current MDD and the late chronotype, which
remains after controlling for a number of sociode-
mographic, clinical, somatic health, and sleep factors
that are also associated with chronotype, indicating an
independent association between depression and a late
chronotype. Insight into the link between MDD and
eveningness can shed light on the potentially disturbed
circadian rhythms in MDD patients, which could prove
useful when selecting more tailored treatments or
prevention methods. For example, light therapy and

sleep deprivation are well-established chronotherapies
for mood disorders, which could be further indicated as
first-line treatments in evening type patients.[77, 78]
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