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Introduction

Sleep-wake cycle disturbances are part of the symptomatol-
ogy of several mental disorders and commonly exacerbate 
the clinical profiles of such disorders. For instance, sleep-
wake disturbances have been associated with worse symp-
tom severity, greater functional impairment, increased risk 
for relapse and poorer quality of life in people with anxiety, 
mood or psychotic disorders.1–7 However, the diagnostic 
specificity of sleep-wake disturbances in the mental health 
context remains unclear, particularly at early stages of illness.

The potential validity of objective sleep-wake cycle meas-
ures as biomarkers may provide objective measures to support 
early screening and diagnoses, shed light on some of the un-

derlying pathophysiological mechanisms involved in various 
disorders, and clarify the rationale for sleep- and circadian-
based treatment pathways. This is especially relevant in the 
context of youth. During this period of life, the initial symp-
tomatology across various diagnoses is often subsyndromal 
and there is a great need for early biomarkers and adapted 
 interventions.8,9 Furthermore, sleep disturbances observed in 
young adults often start during childhood or adolescence10 
and are associated with the onset and persistence of psycho-
logical distress.11,12

Various studies have described sleep-wake profiles in co-
horts of individuals with anxiety, mood or psychotic disor-
ders compared with healthy controls. In most of these studies, 
the samples combined individuals across a wide age range 
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Background: The nature of sleep-wake abnormalities in individuals with mental disorders remains unclear. The present study aimed to 
exam ine the differences in objective ambulatory measures of the sleep-wake and activity cycles across young people with anxiety, mood or 
psychotic disorders. Methods: Participants underwent several days of actigraphy monitoring. We divided participants into 5 groups (control, 
anxiety disorder, unipolar depression, bipolar disorder, psychotic disorder) according to primary diagnosis. Results: We enrolled 342 partici-
pants aged 12–35 years in our study: 41 healthy controls, 56 with anxiety disorder, 135 with unipolar depression, 80 with bipolar disorder and 
30 with psychotic disorders. Compared with the control group, sleep onset tended to occur later in the anxiety, depression and bipolar groups; 
sleep offset occurred later in all primary diagnosis groups; the sleep period was longer in the anxiety, bipolar and psychosis groups; total 
sleep time was longer in the psychosis group; and sleep efficiency was lower in the depression group, with a similar tendency for the anxiety 
and bipolar groups. Sleep parameters were significantly more variable in patient subgroups than in controls. Cosinor analysis revealed de-
layed circadian activity profiles in the anxiety and bipolar groups and abnormal circadian curve in the psychosis group. Limitations: Although 
statistical analyses controlled for age, the sample included individuals from preadolescence to adulthood. Most participants from the primary 
diagnosis subgroups were taking psychotropic medications, and a large proportion had other comorbid mental disorders. Conclusion: Our 
findings suggest that delayed and disorganized sleep offset times are common in young patients with various mental disorders. However, 
other sleep-wake cycle disturbances appear to be more prominent in broad diagnostic categories.
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(e.g., 17–50 yr13 or 18–79 yr 14). Studies focusing on individuals 
with anxiety have highlighted sleep initiation and main-
tenance (i.e., fragmented or poorly consolidated sleep) diffi-
culties.15–17 Similarly, in both community-based and clin ical 
samples, depression has been associated with prolonged sleep 
onset latency, poorer sleep consolidation, extended or delayed 
sleep duration and phase shifts of the sleep-wake  cycle.14,18–24 
Compared with age-matched controls, young  people with bi-
polar disorder have longer sleep onset latency and increased 
nighttime awakenings, and they report worse sleep quality 
and spending extended time asleep.25,26 The literature on 
psych otic disorders is scarcer, but compared with healthy 
controls, patients with schizophrenia have been found to have 
longer sleep onset latency, extended sleep duration and time 
in bed, delayed sleep-wake profiles and higher intraindivid-
ual variability.27,28

While the overlap in these findings raises questions about 
the specificity of these profiles, few comparative studies have 
investigated sleep-wake disturbances across multiple diagno-
ses. Epidemiologic data suggest that subgroups of people re-
porting anxiety or depression symptoms have elevated rates 
of insomnia, but these rates are higher in those with depres-
sion than in those with anxiety.3 Conversely, in a sample of 
nonmedicated young patients (age 7–17 yr, it was observed 
that those with anxiety disorders had a longer sleep onset 
and a higher number of awakenings than those with major 
depression.16 Furthermore, we recently demonstrated that 
young patients with bipolar disorder spend longer time in 
bed and have more delayed sleep-wake patterns than those 
with unipolar depression.29

A seminal meta-analysis based on 177 polysomnographic 
studies found sleep initiation difficulties and reduced sleep 
efficiency and duration in patients with anxiety, affective dis-
orders or schizophrenia compared with controls (mean age 
39.1 ± 14.8 yr).30 The magnitude of the sleep duration reduc-
tion was found to be higher in the affective disorders sub-
group and the average sleep efficiency was lower in the 
schizophrenia than in the affective disorders subgroup. Nev-
ertheless, they reported fewer differences among the sub-
groups of patients than between these clinical subgroups and 
controls, suggesting poor diagnostic specificity. Aside from 
the potential methodological, cross-cultural or chronological 
differences inherent to the meta-analytic approach, this study 
integrated individuals from a large age range (64-yr span) 
distributed unequally across diagnostic groups.31 Further-
more, it was oblivious to intraindividual variability, an im-
portant aspect of the sleep-wake cycle that is more easily as-
sessed using ambulatory devices, such as actigraphy.

A case study reported that the actigraphic sleep profile of a 
patient with schizophrenia was somewhat delayed and more 
irregular than that of a depressed patient.32 Other actigraphy 
studies have observed lowered activity levels in patients with 
depression or schizophrenia compared with healthy controls, 
with more pronounced differences in those with schizophre-
nia and particularly those taking antipsychotic medica-
tion.13,33–35 Bipolar disorder has also been associated with 
higher variability in activity patterns and a phase advanced 
peak of the activity–rest cycle.34,35 However, no study has yet 

investigated multiday sleep-wake and activity profiles across 
more than 2 diagnostic groups.

The present study aimed to compare objective measures of 
the sleep-wake and activity cycles in real life settings in 
young people (age 12–35 yr) with primary anxiety, unipolar 
depression, bipolar or psychotic disorders compared with a 
sample of healthy controls. We hypothesized that sleep-wake 
patterns would be characterized by a pronounced delay in 
those with bipolar disorder, by elevated variability in those 
with psychotic disorders and by poor sleep consolidation 
across most clinical subgroups.

Methods

Participants

We recruited individuals aged 12–35 years for participation in 
this study. Healthy controls who reported no history of mental 
illness were recruited from the community, and help- seeking 
patients with emerging mental disorders were recruited from 
early intervention services for mental health problems in 
young people (headspace, Camperdown and Campbelltown, 
Sydney, Australia36,37). As described elsewhere,37 patients en-
tering these youth-focused mental health services were man-
aged by trained health professionals. All participants were as-
sessed by a senior clinician (psychiatrist, clinical psychologist 
or mental health nurse) and by a trained research psychologist 
using a structured interview based on DSM criteria. These clin-
icians determined primary and secondary diagnoses based on 
the relative severity, time of onset and possible interactions be-
tween underlying etiologies. For instance, if for a given patient 
anxiety symptoms were more prominent than depressive 
symptoms or if a longstanding history of anxiety appeared to 
contribute to the emergence of depression, a diagnosis of pri-
mary anxiety and secondary depression would be attributed. 
Patients were divided into 4  groups according to primary 
diag nosis: anxiety disorder (e.g., social anxiety disorder, gener-
alized anxiety disorder and obsessive–compulsive disorder), 
unipolar depression, bipolar disorder and psychotic disorder 
(e.g., schizophrenia, first- episode psychosis and schizoaffective 
disorder). Most participants with substance dependence were 
excluded because this was an exclusion criterion for other re-
lated studies. All par tici pants were referred by a mental health 
professional who previously evaluated their ability to give in-
formed consent. Participants were provided with an informa-
tion statement document explaining that participation in this 
research would be entirely voluntary and that their decision 
whether to take part or not (or to take part and then withdraw) 
in this study would not affect their treatment or relationship 
with professionals at the Brain & Mind Research Institute. Par-
ticipants then met with someone from the research team who 
 explained the study, answered any questions and further 
 assessed their ability to provide informed consent. Any po-
tential participant who was deemed to be unable to provide 
informed consent was excluded from the study. All partici-
pants gave written informed consent. Written consent was 
obtained from the parents or legal guardians of all partici-
pants who were younger than 16 years. The study protocol 
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was approved by the University of Sydney Human Research 
Ethics Committee.

Procedures

Actigraphy does not measure vigilance states based on corti-
cal activity and therefore provides indirect estimations of 
sleep measures. Nevertheless, to simplify the terminology in 
the present manuscript, sleep parameters estimated from ac-
tigraphy are defined as “sleep” and “wake.” Herein, sleep-
wake measures were obtained from 4 to 22 days of sleep  diary 
and actigraphy monitoring (Actiwatch-64/L/2, Philips Respi-
ronics). Measures collected with these different actig raphy 
models have previously been shown to be equivalent.38 The 
number of days of actigraphy monitoring was significantly 
lower in the control group than in all other groups (F4,339 = 
16.3, p < 0.001; see Table 1 for means). Data from  Actiwatch-L 
were collected over 1-minute epochs, and data from all other 
actimeter models were collected over 30- second epochs. Only 
the main (i.e., longer) sleep episode from each 24-hour period 
was included in the analysis. Sleep onset/offset were auto-
matically defined with Actiware 5.0 software (Philips Respi-
ronics) and were subsequently inspected visually by trained 
technicians using sleep diaries. Sleep intervals were subse-
quently submitted to dual integration to define periods spent 
awake and asleep, using a wake threshold value of medium 
sensitivity (40.0 activity counts per epoch).

The following sleep parameters calculated from actigraphy 
data were averaged over the monitoring period: sleep onset/
offset (time points when it was estimated that participants fell 
asleep and woke up, respectively; mean timing of the  onset/
offset of the sleep episode), sleep period (total length of the 
sleep episode; period between sleep onset and sleep offset), 
total sleep time (amount of time scored as “sleep” within the 
sleep episode), wake after sleep onset (WASO; amount of time 
scored as “wake” within the sleep episode), and sleep effi-
ciency (percentage of time spent asleep during the sleep per-
iod). The standard deviations of these 6 parameters were used 
as indicators of intraindividual sleep-wake cycle variability 
across the days of actigraphy monitoring. Furthermore, each 
individual with a mean sleep onset of 1:30 am or later and 
those with a mean sleep offset of 10:00 am or later were identi-
fied as having delayed sleep onset and offset, respectively. 
These timings were defined by calculating approximately 
2 standard deviations from the means reported in the 19- and 
24-year-old sample of an epidemiologic study.39

Individual actigraphy data sets were fitted to an extended 
Cosinor model40 using nonlinear least squares regression in 
Prism 4 (GraphPad software). This generated 4 activity cir-
cadian curve parameters: amplitude (difference between the 
mean value and peak of the fitted curve, herein estimating 
the range of the activity levels across the 24-hour period), 
acrophase (a phase marker indicating the time when the fit-
ted curve reaches its peak [i.e., time of maximal activity lev-
els across the 24-hour period]), a (index of the width of the 
curve peak and troughs, with higher values indicating 
wider troughs or “inactive” portions of the cycle) and b (in-
dex of the steepness of the rise and fall of the fitted curve).

Statistical analysis

Statistical analyses were conducted with SPSS software version 
21 (SPSS Inc.) and Statistica software version 6.1 (StatSoft Inc.). 
One-way analayses of covariance (ANCOVA) controlling for 
age, sex and number of actigraphy monitoring days were used 
to compare actigraphic sleep parameters across the 5 groups. 
Multiple comparisons of means on significant main effects 
were done using Fisher least significant difference (LSD) tests 
with Bonferroni correction (adjusted significance level p ≤ 
0.005). Cosinor a and b and all variability parameters were not 
distributed normally, and the regression slopes for at least 1 co-
variate were found to be heterogeneous for WASO, sleep offset 
and sleep efficiency. These variables were thus submitted to 
rank ANCOVA rather than traditional ANCOVA.41 We used c2 
tests to compare the proportions of participants with delayed 
sleep phase in each group. We also conducted supplemental 
sets of analyses excluding participants with fewer than 7 days 
of actigraphy monitoring and controlling for participants 
 taking sedatives, hypnotics or stimulant medications in the en-
tire sample for which medication information was available.

Results

Three hundred forty-two individuals aged 12–35 years par-
ticipated in this study. Of these, 41 were healthy controls 
who reported no history of mental illness and 301 were pa-
tients with emerging mental disorders (56 with anxiety disor-
der, 135 with unipolar depression, 80 with bipolar disorder 
and 30 with psychotic disorders; see Table 1 for demographic 
and clinical characteristics). Information on current medica-
tion at the time of assessment was available for 61.4% of pa-
tients. Of those, 76.2% were taking psychotropic medications 
and 10.3% were taking sedative-hypnotic/stimulant medica-
tions (Table 1). Controls were slightly, but significantly, older 
than patients in all clinical groups, with mean age differences 
ranging from 2 to 5 years (F4, 337 = 11.9, p < 0.001; all contrast 
p < 0.020). After controlling for age, sex and the number of 
actigraphy monitoring nights, we found significant group 
differences for all sleep parameters and for the acrophase, a 
and b of the activity circadian curve. Means, standard devia-
tions and omnibus statistics are reported in Table 2. Con-
trasts are detailed in the sections that follow.

Differences in sleep timing parameters across primary 
 diagnosis groups

On average, sleep onset time tended to occur later in the anx-
iety (p = 0.020), depression (p = 0.006) and bipolar (p = 0.011) 
groups than in the control group (Fig. 1A). Compared with 
that seen in the control group, the proportions of individuals 
with a delayed sleep onset was significantly higher in the de-
pression group (corrected c2

1 = 5.6, p = 0.018) and tended to 
be higher in the primary anxiety group (corrected c2

1 = 3.4, 
p = 0.06). Sleep offset time occurred significantly later in all 
4 primary diagnostic groups than in the control group (all 
contrast p < 0.001), with the primary bipolar and psychosis 
groups showing the latest times. Accordingly, all primary 
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Table 1: Sample characteristics of the control group and the primary anxiety, depression, bipolar and psychosis groups

Characteristic*
Control  
n = 41

Anxiety  
n = 56

Depression  
n = 135

Bipolar  
n = 80

Psychosis  
n = 30 Statistic p value

Sex, % female 53.7 48.2 65.2 75.0 33.3 χ2
(4) = 21.8 < 0.001

Age, yr; mean ± SD 25.3 ± 5.8 20.4 ± 5.1 20.0 ± 4.4 23.1 ± 5.3 22.5 ± 5.1 F(4,337) = 12.0 < 0.001

Number of nights, mean ± SD 8.9 ± 3.1 11.9 ± 3.5 12.9 ± 3.1 12.4 ± 2.8 13.0 ± 1.8 F(4,337) = 16.3 < 0.001

Occupational status, %

Not working or studying 0 27.3 15.1 29.0 35.7 χ2
(4) = 11.5 0.022

Part-time 18.2 22.7 14.2 24.2 21.4 χ2
(4) = 3.2 0.52

Full-time 81.8 50.0 70.8 46.8 42.9 χ2
(4) = 16.7 0.002

Medication, %

Currently medicated 0 51.4 73.6 80.0 75.0 χ2
(4) = 90.0 < 0.001

Taking antidepressants 0 37.8 60.4 34.0 35.0 χ2
(4) = 46.8 < 0.001

Taking mood stabilizers 0 8.1 18.7 56.0 15.0 χ2
(4) = 51.2 < 0.001

Taking antipsychotics 0 10.8 20.9 38.0 70.0 χ2
(4) = 52.6 < 0.001

Taking sedatives/benzodiazepines 0 2.7 5.5 8.0 5.0 χ2
(4) = 3.8 0.44

Taking stimulants 0 5.4 4.4 4.0 0 χ2
(4) = 3.1 0.54

Comorbidities, %

Any comorbidity 0 10.7 41.5 27.5 43.3 χ2
(4) = 39.6 < 0.001

Anxiety 0 — 35.6 22.5 16.7 — —

Depression 0 7.1 — 0 23.3 — —

Bipolar disorder 0 0 0 — 3.3 — —

Psychosis 0 0 0.7 0 — — —

Substance dependance 0 0 1.5 2.5 3.3 — —

Eating disorder 0 0 4.4 1.3 0 — —

Neurodevelopmental disorder 0 3.6 5.2 5.0 0 — —

Somatoform disorder 0 0 1.5 0 0 — —

Dissociative identity disorder 0 0 0 1.3 0 — —

SD = standard deviation. 
*Percentage of female participants in the total sample, means ± SD of age and number of actigraphy monitoring days and percentages of individuals in each occupational status categories (data 
available for 251 participants; 73.3% of the sample), taking medication (data available in 185 patients, 61.4% of the patient sample), and having comorbidities (data available for all patients).

Table 2: Sleep and circadian parameters derived from actigraphy for the control and primary anxiety, depression, bipolar and psychosis groups*

Parameter
Control  
n = 41

Anxiety  
n = 56

Depression  
n = 135

Bipolar  
n = 80

Psychosis  
n = 30 Statistic p value

Average sleep parameters

Sleep onset 23:18 ± 1:15 24:09 ± 1:35 24:05 ± 1:33 23:55 ± 1:25 23:51 ± 1:36 F4, 334 = 2.5 0.043

Sleep offset 7:39 ± 1:01 9:09 ± 1:38 8:52 ± 1:34 9:00 ± 1:33 9:17 ± 1:25 F4, 337 = 7.2 < 0.001

Sleep period, min 500.6 ± 60.1 539.7 ± 64.4 526.6 ± 62.1 545.1 ± 68.1 565.1 ± 89.5 F4, 334 = 6.0 < 0.001

TST, min 441.4 ± 53.0 459.7 ± 63.8 448.7 ± 53.8 472.3 ± 64.4 487.8 ± 94.1 F4, 334 = 4.6 0.001

WASO, min 59.2 ± 25.4 80.0 ± 32.8 77.1 ± 28.1 72.8 ± 24.7 76.1 ± 35.8 F4, 337 = 4.4 0.002

SE (%) 88.4 ± 4.3 85.2 ± 6.1 85.4 ± 4.8 86.6 ± 4.3 86.0 ± 6.9 F4, 337 = 3.7 0.006

Variability indexes

Sleep onset SD 1:05 ± 0:36 1:24 ± 0:48 1:19 ± 0:48 1:26 ± 0:55 1:48 ± 1:01 F4, 337 = 3.4 0.010

Sleep offset SD 1:00 ± 0:24 1:27 ± 0:43 1:31 ± 0:50 1:31 ± 0:51 1:41 ± 0:45 F4, 337 = 4.3 0.002

Sleep period SD 76.6 ± 37.1 102.2 ± 38.9 96.6 ± 45.0 102.9 ± 54.4 113.0 ± 59.6 F4, 337 = 3.2 0.015

TST SD 65.8 ± 29.2 88.3 ± 35.5 83.7 ± 35.7 89.3 ± 50.0 99.2 ± 50.3 F4, 337 = 3.1 0.015

WASO SD 20.4 ± 11.8 26.9 ± 12.5 27.1 ± 15.2 24.8 ± 12.4 28.7 ± 18.9 F4, 337 = 2.5 0.046

SE SD 3.2 ± 1.6 3.8 ± 2.0 4.1 ± 2.1 3.6 ± 1.8 3.7 ± 2.1 F4, 337 = 2.6 0.037

Circadian activity rhythm

Amplitude 1.72 ± 0.35 1.85 ± 0.53 1.92 ± 0.73 1.77 ± 0.51 1.77 ± 0.58 F4, 297 = 1.3 0.26

Acrophase 14:18 ± 3:31 16:23 ± 1:26 15:46 ± 4:22 16:05 ± 2:52 15:49 ± 1:27 F4, 297 = 2.6 0.038

α –0.39 ± 0.24 –0.32 ± 0.21 –0.40 ± 0.28 –0.33 ± 0.27 –0.24 ± 0.27 F4, 300 = 3.6 0.007

β 10.19 ± 8.28 6.11 ± 3.95 7.34 ± 10.81 7.98 ± 7.09 6.09 ± 6.44 F4, 300 = 3.3 0.011

SD = standard deviation; SE = sleep efficiency; TST = total sleep time; WASO = wake after sleep onset. 
*Means ± SD of actigraphic sleep and circadian parameters across primary diagnosis groups and statistics (analysis of covariance [sleep onset/offset, WASO, TST, SE] or rank analysis 
of covariance [a, b and all variability indexes: SD]). Contrasts results are reported in the text.
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Fig. 1: Sleep timing parameters. The top panels (A) show average sleep timing parameters. The lower panels (B) show variability in sleep 
timing parameters across the monitoring period. Error bars indicate standard errors of the mean. Full lines indicate significant differences (*p < 
0.005) and dashed lines indicate trends ((*) p ≤ 0.020). SD = standard deviation.

7

8

9

10

S
le

ep
 o

ffs
et

 ti
m

e

*

475

500

525

550

575

600

S
le

ep
 p

er
io

d,
 m

in

*

(*)

425

450

475

500

525

T
ot

al
 s

le
ep

 ti
m

e,
 m

in

*

0.5

1.0

1.5

2.0

2.5

S
le

ep
 o

ns
et

 S
D

*

(*)

65

85

105

125

S
le

ep
 p

er
io

d 
S

D

*

(*)

60

80

100

120

T
ot

al
 s

le
ep

 ti
m

e 
S

D

*

(*)

0.5

1.0

1.5

2.0

2.5

S
le

ep
 o

ffs
et

 S
D

*

(*)

22.5

23.5

24.5
S

le
ep

 o
ns

et
 ti

m
e

(*)

A

B



Ambulatory sleep-wake patterns and variability in young people with emerging mental disorders

 J Psychiatry Neurosci 2015;40(1) 33

diag nostic groups had significantly higher proportions of 
 individuals with delayed sleep offset times than the control 
group (all corrected c2

1 > 11.3, p ≤ 0.001). There was no sig-
nifi cant difference in sleep onset and offset times among the 
4 primary diagnostic groups.

The average sleep period was significantly longer in the 
anxiety (p = 0.001), bipolar (p = 0.004) and psychosis (p < 
0.001) groups than in the control group (Fig. 1A). A similar 
trend was found for the depression group (p = 0.019). The 
psychosis group had a significantly longer sleep period than 
the depression group (p = 0.001). Total sleep time was signifi-
cantly longer in the psychosis group than the control (p = 
0.001) and the depression (p < 0.001) groups.

The variability in sleep onset time was significantly higher in 
the bipolar (p = 0.004) and psychosis (p = 0.001) groups than the 
control group (Fig. 1B). A similar trend was found for the anx-
iety (p = 0.012) and depression (p = 0.013) groups. The depres-
sion, bipolar and psychosis groups had significantly more vari-
able sleep offset times than the control group (all p < 0.001). A 
similar trend was found for the anxiety group (p = 0.005). The 
anxiety (p = 0.002), bipolar (p = 0.004) and psychosis (p = 0.005) 
groups had significantly higher variability in sleep period than 
controls, with similar trends for the depression group (p = 
0.010). The variability in total sleep time was significantly higher 
in the anxiety and psychosis groups than in the control group 
(both p ≤ 0.003). A similar trend was found for the depression 
and bipolar groups (both p = 0.007). Overall, the psych osis and 
bipolar groups had the most variable sleep  timing, but no sig-
nifi cant difference in any sleep timing variability parameters 
emerged among the primary diagnostic groups.

Differences in sleep consolidation parameters across 
 primary diagnosis groups

The anxiety, depression and bipolar groups had significantly 
more WASO than the control group (all p ≤ 0.001; Fig. 2A). A 
similar trend was found for the psychosis group (p = 0.018). 
This was especially pronounced in the anxiety and depres-
sion groups (p < 0.001). Sleep efficiency was significantly 
lower in the depression than the control group (p < 0.001), 
with a similar trend for the anxiety (p = 0.011) and bipolar 
(p = 0.008) groups. There was no significant difference among 
the 4 primary diagnostic groups.

The variability in WASO was higher in the depression 
group than the control group (p = 0.004), and a similar trend 
was found for the anxiety group (p = 0.006; Fig. 2B). The 
variability in sleep efficiency was significantly higher in the 
depression than the control group (p = 0.002; Fig. 2B). No 
difference among the primary diagnostic groups reached 
the significance threshold for any of the sleep consolidation 
variability parameters.

Differences in activity circadian curve parameters across 
primary diagnosis groups

The anxiety (p = 0.003) and bipolar (p < 0.005) groups had a 
significantly later acrophase than the control group. A similar 
trend was found for the depression group (p = 0.014). The a 

was significantly larger in the psychosis group than the con-
trol and depression groups (both p = 0.003). The psychosis 
(p = 0.001) and anxiety (p = 0.004) groups had significantly 
lower b than the control group, and there was a similar trend 
for the depression group (p = 0.007). No significant group dif-
ference was found for the amplitude of the activity–rest cycle.

Discussion

To our knowledge, this is the first large scale study compar-
ing objective sleep-wake measures and the circadian rhythm 
of the activity-rest cycle in real-life settings in a group of 
young people with various mental disorders. Our findings 
suggest that delayed and disorganized sleep offset times are 
common across mental disorders during youth. However, 
2 main profiles of sleep-wake disturbances were observed: 
the subgroups with primary anxiety, depression and bipolar 
disorder were predominantly affected by marked sleep initia-
tion difficulties and poor/unstable sleep consolidation, 
whereas the subgroup with primary psychotic disorder and, 
to a lesser extent, the subgroup with bipolar disorder were 
mostly characterized by prolonged sleep duration and 
showed the most unstable sleep schedules. Circadian activity 
profiles were found to be delayed in the groups with primary 
anxiety and bipolar disorder and to be somewhat misshaped 
in the group with primary psychotic disorder. It is important 
to note that these profiles cannot be solely attributed to pri-
mary diagnosis since they are also influenced by the effects of 
comorbities and psychotropic medication.

In line with the meta-analysis conducted by Benca and col-
leagues,30 the current results suggest that some abnormalities 
of the sleep-wake cycle are common across primary diagnostic 
categories. Beyond the normal age-related changes occurring 
during youth, many of our young patients with mental disor-
ders had a delayed sleep-wake profile. All primary diagnostic 
subgroups also presented with unstable sleep offset times, 
sleep period and total sleep time (although not reaching the 
corrected significance threshold for some subgroups). In indi-
viduals with affective and psychotic disorders, delayed and 
unstable sleep-wake profiles have been associated with abnor-
mal endogenous melatonin rhythms.27,42,43 Neurotransmitter 
dysfunctions associated with both circadian and psychopatho-
logical abnormalities, such as those found in the glutamate 
and dopamine systems,44–48 represent other possible underly-
ing mechanisms likely to influence these nonspecific sleep-
wake abnormalities across primary diagnostic categories.

The profile observed in the subgroups with primary anx iety 
or mood disorders was characterized by disrupted and un-
stable sleep consolidation across multiple days, as well as a 
pro nounced delay in sleep onset, a finding consistent with the 
sleep initiation difficulties reported in previous studies.15–17 In 
the primary anxiety and bipolar groups, this was accompanied 
by a delayed activity peak in the afternoon. The primary anx-
iety group also presented a lower b suggestive of a slower fall 
and rise of activity levels in the evening and morning. The clin-
ical profile of depressed and anxious individuals is perhaps 
most attuned with nighttime ruminations and sleep-related 
performance anxiety. In the context of both anxiety and affect ive 
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disorders, difficulties in sleep initiation and maintenance have 
been postulated to result from hyperarousal and/or impaired 
sleep drive.49–52 This is likely to feed a vicious cycle between 
sleep disturbances and mood alterations. For instance, ele-
vated cortisol around sleep onset has been associated with de-
pression recurrence in adolescents.53

Prolonged sleep duration and sleep period in the context of 
unstable sleep onset times and overall marked sleep schedule 
variability seemed to be more characteristic of the subgroups 
with primary psychotic and, to a lesser extent, bipolar disorders. 
This is in line with overlaps in the genetic factors and symptom-
atology linked to bipolar and psychotic disorders, especially in 
those with early onset of illness.54–56 Of note, some of these com-
mon genetic markers are also involved in circadian regulation.57 
From this perspective, the current findings of similar sleep 
 timing phenotypes across primary bipolar and psychotic disor-
ders reinforce the hypothesis of common circadian deregulation 
mechanisms in these pathologies. The potential influence of 
medications also needs to be considered since antipsychotics, 
known for their sedative effects, are commonly used in the treat-
ment of both bipolar and psychotic disorders. In addition to lon-
ger sleep durations, the psychotic group was characterized by a 
wider “inactive” portion of the activity cycle (larger a). Interest-

ingly, this group was also characterized by a slower rate of 
changes across the 24-hour period (smaller b). These abnormal-
ities in the shape of the circadian rhythm of activity may reflect 
some degree of disorganisation in the biological clock.

Sleep-wake and circadian disturbances can have pervasive 
consequences on physiologic, occupational, social, cognitive 
and affective aspects of life. Many of these consequences are 
likely to interact with the pre-existing challenges inherent to 
mental disorders and to alter the ability to cope with these chal-
lenges.6,58–60 Notably, daily changes in sleep timing and sleep ef-
ficiency have been found to covary with changes in psychotic 
and affective symptom severity in patients with schizophre-
nia.61 These disturbances tend to appear early in the course of 
mental disorders, and it is reasonable to expect that their early 
treatment is likely to improve prognosis and, in some cases, 
possibly prevent the development of full-blown disorders. For 
example, longitudinal and interventional  studies indicate that 
the normalization of sleep-wake disturbances is associated with 
lower rates of future illness onset.3,62

Therapeutic interventions aiming to stabilize sleep-wake 
schedules at earlier age-appropriate times may be relevant in 
youth in several mental disorder subgroups. These may in-
clude circadian-based interventions, such as melatoninergic 

Fig. 2: Sleep consolidation parameters. The top panels (A) show average sleep consolidation parameters. The lower panels (B) show variabil-
ity in sleep consolidation parameters across the monitoring period. Error bars indicate standard errors of the mean. Full lines indicate signifi-
cant differences (*p < 0.005) and dashed lines indicate trends ((*) p ≤ 0.020). SD = standard deviation; WASO = wake after sleep onset.
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agents or light exposure manipulations.63,64 Furthermore, 
young people with more prominent anxiety or affective dis-
turbances may also benefit from relaxation techniques and 
cognitive-behavioural strategies targeting difficulties in sleep 
initiation and maintenance. Also, stabilizing the biological 
clock and establishing and maintaining appropriate sleep 
dur ation, notably by enforcing regular and earlier pre-
bedtime routine and wake-up times, may be especially rel-
evant for those with primary bipolar or psychotic disorders.

Limitations

Our participant sample extended from preadolescence to 
adulthood, periods known to differ both in terms of psychiat-
ric symptoms, sleep and circadian rhythms. However, we at-
tempted to control for this limitation in our statistical ap-
proach. The length of the actigraphy monitoring period 
varied from 4 to 22 days, but similar results were found in the 
subset of participants with at least 7 days of data (see the Ap-
pendix, Table S1, available at jpn.ca; we note that some results 
became trends or nonsignificant, which could notably be in-
fluenced by lower statistical power). Furthermore, informa-
tion about current occupational status and medication at the 
time of assessment was not available for some of the partici-
pants. Herein, it is not possible to differentiate the contribu-
tion of primary diagnostic subgroups from that of altered oc-
cupational life or the effects of various medications on the 
observed sleep-wake profiles. Nevertheless, the aim of this 
study was to determine the sleep-wake profile of young per-
sons with various mental disorders in real-life settings. Medi-
cation is part of the reality of most persons living with mental 
disorders and, from this perspective, their potential effects on 
the sleep-wake cycle is part of their real-life profile. Detailed 
analysis of the impacts of medication on sleep is beyond the 
scope of the present study, but results from the additional 
analyses presented in the supplemental material suggest that 
most group differences remained significant when controlling 
for the use of sedative-hypnotic/stimulant medication (with 
the exception of differences in the circadian acrophase, which 
became nonsignificant). Participants were categorized in each 
diagnostic group according to primary diagnosis, not taking 
into account comorbidities. For instance the considerable 
overlap between anxiety and depressive disorders could con-
tribute to the sleep-wake profile similarities observed between 
these 2 subgroups. Future studies in which sample sizes 
would allow for balanced comorbidity subgroups should in-
vestigate the influence of comorbidities on sleep-wake pro-
files, notably comparing individuals with anxious-depressive 
syndromes to those with more isolated anxiety or depression. 
Furthermore, the time association between the emergence of 
sleep-wake disturbances and the onset and subsequent clin-
ical course of mental disorders should also be assessed. For in-
stance, it appears to be more common for insomnia to start be-
fore illness onset (or relapse) in the context of depression and 
after illness onset in the context of anx iety.10,65 Also, we have 
previously found that the common delayed sleep-wake pro-
file associated with mental disorders is worse in individuals at 
later clinical stages than in those at the early stages of illness.66

Conclusion

Based on multiple days of ambulatory sleep-wake monitor-
ing in a cohort of young, mostly medicated patients with var-
ious mental disorders, the present findings reinforce the no-
tion that sleep-wake disturbances are a hallmark of mental 
disorders. Young people with a primary diagnosis of anxiety, 
depression, bipolar disorder or psychotic disorders were 
found to be similarly affected by delayed and disorganized 
sleep patterns. Participants with primary anxiety or mood 
disorders showed marked sleep initiation difficulties with 
poor and unstable sleep consolidation, while those with pri-
mary psychotic and, to some degree, bipolar disorders were 
more prone to extended sleep duration seemingly linked to 
unstable sleep onset and oversleeping in the morning. Fur-
ther studies are required to disentangle the effects of primary 
mental disorders from the effects of comorbidities and medi-
cations. Nevertheless, our findings underscore the import-
ance of developing adapted sleep- and circadian-based inter-
ventions for young individuals with mental disorders.
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