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A B S T R A C T

Objectives: To compare intraindividual sleep variability in youths with delayed sleep-wake phase disorder 
(DSWPD) and insomnia disorder (ID), and to examine the association of sleep variability with depressive 
symptoms and circadian measures.
Methods: Youths with DSWPD (n = 34, Mage = 20.7 ± 1.7, 70.6% female), ID (n = 40, Mage = 20.3 ± 2.4, 70.0% 
female) and healthy sleepers (n = 39, Mage = 19.7 ± 2.1, 66.7% female) completed a battery of self-report 
questionnaires, sleep diary for eight days with actigraphy monitoring, and laboratory-based dim light mela
tonin onset (DLMO) assessment. Subjective and objective intraindividual variability in sleep parameters were 
derived from sleep diary and actigraphy data, respectively.
Results: Compared with youths with ID, those with DSWPD showed greater variability in diary-derived bedtime 
(p = .006), time in bed (p = .010), and total sleep time (p = .013). Relative to healthy sleepers, the DSWPD group 
showed greater variability in diary-derived total sleep time (p = .017) and actigraphy-derived wake after sleep 
onset (p = .040). Both clinical groups showed greater variability in diary-derived sleep onset latency compared 
with healthy sleepers (DSWPD: p = .011; ID: p < .001). Later DLMO times and higher levels of depressive 
symptoms were significantly associated with increased sleep variability across the full sample.
Conclusions: Youths with DSWPD and ID show heightened sleep variability, linked to delayed circadian rhythm 
and elevated depressive symptoms. Findings highlight the clinical relevance of intraindividual sleep variability. 
Further prospective and interventional studies are needed to delineate the mechanistic processes associated with 
increased sleep variability in these conditions.

1. Introduction

Youth is a transitional stage accompanied by changes in sleep pat
terns and a shift towards eveningness, which is driven by physiological 
and psychosocial changes associated with pubertal development [1,2]. 
It is also a sensitive period often linked with increased vulnerability to 
developing sleep and mental health problems [3]. Delayed sleep-wake 
phase disorder (DSWPD) is a common sleep disorder during adoles
cence and young adulthood, with an estimated prevalence of 3%-16% 
[4,5], compared to approximately 1.5% in the general adult population 

(aged 20-59 years) [6]. DSWPD is often considered an extreme mani
festation of “eveningness” (or “night owl”), characterized by a marked 
and persistent delay of the internal circadian rhythm that results in 
insomnia or excessive sleepiness [7,8]. Individuals with DSWPD pri
marily have a delay in the timing of their sleep and wake times relative 
to their desired schedules. This misalignment between their endogenous 
circadian rhythms and social obligations often results in difficulty falling 
asleep at socially-prescribed bedtimes [9]. An intrinsic circadian delay, 
characterized by a later melatonin rise time, has been observed in in
dividuals with DSWPD [10]. DSWPD has been linked to increased 
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fatigue [8,11], impaired concentration [11], as well as a higher risk of 
developing behavioral problems and mental health issues [4,12,13].

DSWPD shares overlapping clinical features, most notably difficulty 
falling asleep, with another clinical sleep disorder - insomnia disorder 
[9]. Individuals with DSWPD often report complaints of insomnia 
(54.4%) [14], and more than half of adolescents with DSWPD meet the 
criteria for insomnia disorder [4]. Insomnia disorder is typically char
acterized by subjective complaints of difficulty falling asleep, waking up 
in the middle of the night or too early in the morning, which can 
negatively affect one's physical and mental wellbeing [15]. The preva
lence of insomnia disorder in youths ranges from 8% to 24%, depending 
on the defining criteria employed [16–19]. Youth insomnia, if left un
treated, may persist over time, potentially becoming a chronic sleep 
problem [20,21]. Previous cross-sectional and longitudinal studies have 
reported an association of insomnia with significant impairments in 
daytime functioning (e.g., deficits in memory and attention, excessive 
daytime sleepiness) [21–23], academic performance (especially in 
math) [22,24], psychological well-being (e.g., depression, anxiety and 
stress) [20,23] and an increased risk of suicidality [20,23].

Intraindividual sleep variability refers to the night-to-night fluctua
tions in an individual's sleep patterns [25]. For example, two individuals 
may have the same average sleep duration over a week but differ in their 
daily sleep duration. Therefore, ‘sleep variability’ has the potential to 
provide insights beyond the mean values of the measured sleep metrics 
[26]. Higher sleep variability has been reported in association with more 
severe depressive symptoms [26–30], poorer subjective well-being [31], 
and mood instability [29]. Importantly, independent of mean sleep pa
rameters, intraindividual variability in sleep duration and timing has 
been prospectively linked to more severe depressive symptoms across 
diverse populations (e.g., college students [32], adolescents [33,34], 
physicians [29]). Although there has been some research suggesting 
sleep irregularity in both DSWPD and insomnia [35,36], the patterns of 
sleep variability have not been clearly differentiated and compared. 
Previous research has shown that high school students with an eve
ningness chronotype tended to have later bedtimes and wake times 
compared to those with morning- or intermediate-types [37]. In
dividuals with DSWPD also tend to exhibit greater sleep variability in 
wake time and total sleep time compared to healthy sleepers [38]. While 
those with insomnia show increased variability primarily in initiating or 
maintaining sleep (i.e., sleep latency, wake after sleep onset), compared 
to healthy controls [35,39]. However, to date, no studies have directly 
compared intraindividual sleep variability between individuals with 
DSWPD and those with insomnia disorder. One previous study 
compared sleep features between both diagnostic groups adopted 7-day 
actigraphy and sleep diaries but did not report variability analyses [40]. 
Given the overlapping symptoms of DSWPD and insomnia, it is impor
tant to further explore their potential differential sleep variability 
characteristics. Such an analysis could potentially enhance under
standing of the clinical phenomenology and underlying pathophysio
logical differences between these two conditions. Moreover, delayed 
sleep timing may be linked to an intrinsic delayed circadian rhythm 
relative to social schedules, resulting in irregular sleep schedule and 
social jetlag [28,41,42]. Nonetheless, previous studies have been limited 
by a reliance on subjective circadian measures (e.g., the Morningness 
and Eveningness Questionnaires, the Morningness–Eveningness Com
posite Scale) [28,41]. As such, it remains unclear whether increased 
sleep variability is directly associated with underlying delayed biolog
ical circadian rhythm.

Considering these research gaps, the present study aimed to examine 
sleep variability in youths with DSWPD and insomnia disorder, as well 
as the association of sleep variability with subjective and objective 
circadian rhythm measures and depressive symptoms. Our primary hy
potheses were: 1) youths with DSWPD would show greater variability in 
sleep timing and duration compared to those with insomnia disorder; 2) 
both youths with DSWPD and insomnia disorder would show greater 
variability in sleep duration, initiation, and maintenance compared to 

healthy sleepers. Our secondary hypotheses were that, across the full 
sample, 1) later DLMO would be associated with greater variability in 
sleep schedule, timing, and duration parameters; 2) while higher levels 
of depressive symptoms would be associated with greater variability in 
timing, schedule, initiation, and maintenance.

2. Methods

2.1. Study procedure

The present study was a case-control study which aimed to recruit 
participants aged 15-24 years. This age range was chosen to broadly 
include the adolescence period and the early phase of young adulthood, 
with a reference to the United Nations’ definition of youth [43]. Po
tential participants were recruited from the local community (e.g., sec
ondary schools, universities) via flyers and social media promotions. 
Interested participants completed an online pre-screening form and 
were subsequently invited to attend a clinical interview to ascertain 
their eligibility. Two semi-structured clinical interviews (the Diagnostic 
Interview for Sleep Patterns and Disorders (DISP) [44] and the Mini 
International Neuropsychological Interview (MINI) [45]) were used to 
ascertain the presence of any sleep disorder and psychiatric disorder. 
The clinical interviews were conducted by a trained doctoral research 
student, supervised by a clinical psychologist with training in sleep 
medicine. Eligible participants were instructed to complete a battery of 
self-reported questionnaires and an 8-day sleep diary with actigraphy 
monitoring in a home setting, followed by a single-night laborator
y-based dim light melatonin onset (DLMO) assessment. Participants 
were instructed not to consume excessive caffeine, alcohol and tobacco 
products that deviated from their normal intake amount during the 
study period. Participants received an incentive of HKD500 (USD$65) 
after completing the whole study procedure. The study protocol was 
approved by the Human Research Ethics Committee of the University of 
Hong Kong (Ref No. EA1903024). Informed consent was obtained from 
all the participants, and additionally from their parent/guardian for 
those aged under 18 years old.

2.2. Participants

Two case groups and one control group were included. Participants 
were eligible for inclusion in the insomnia disorder (ID) group if they: 1) 
met the DSM-5 diagnostic criteria for insomnia disorder (i.e., complaints 
of difficulties initiating or maintaining sleep, or early morning awak
ening for at least three nights a week and lasted for at least three months 
that caused clinically significant distress and impairments) and 2) scored 
≥9 on the Insomnia Severity Index (ISI) [46]. Participants were eligible 
for inclusion in the DSWPD group if they 1) met the diagnostic criteria of 
DSWPD according to the DSM-5 (i.e., a persistent pattern (>3 months) of 
delayed sleep onset and offset with difficulty falling asleep or awakening 
at conventionally earlier times; symptoms of insomnia and/or excessive 
sleepiness; and clinically significant distress or impairment), and 2) had 
sleep onset time later than 11:15 p.m. for 12 year old, 11:30 p.m. for 
13-14 year old, and 12:00 p.m. for 15-20 year old at least 3 nights per 
week in the past 3 months, as confirmed by the sleep diary [47]. Par
ticipants included in the control group met the research diagnostic 
criteria of healthy sleepers [48]: 1) absence of any sleep disturbance or 
daytime symptoms associated with unsatisfactory sleep; 2) free from any 
current sleep and psychiatric disorders; 3) scored ≤9 on ISI; 4) 
self-reported average sleep duration ≥7 h and ≤10 h.

Participants were excluded from the present study if they met any of 
the following criteria: 1) concurrent and regular use of medications that 
could affect sleep or cortisol and melatonin rhythms; 2) having medical 
conditions that could affect normal hormone regulation (e.g. Addison's 
disease, hypothyroidism, melatonin deficiency); 3) having a visual 
impairment; 4) working night shifts; 5) having travelled on trans- 
meridian flights in the past month.
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2.3. Measures

2.3.1. Subjective sleep measures
Insomnia symptoms were assessed using the Insomnia Severity Index 

(ISI) [49]. ISI consists of 7 items, with each item rated on a 5-point Likert 
scale. It has been widely used in both clinical and research settings to 
evaluate the impact of insomnia on one's daily life. Aggregate scores 
ranged from 0 to 28, with higher scores indicating more severe insomnia 
symptoms. The Chinese version of ISI has demonstrated good psycho
metric properties in adolescents [46]. It showed excellent reliability in 
the current sample, with a Cronbach's alpha of 0.90.

Participants were instructed to complete a consensus sleep diary for 
eight days [50], starting from the day of the screening interview to the 
laboratory visit [50]. Prior work indicated that five to six nights of 
actigraphy measures yielded acceptable stability for intraindividual 
variability metrics [38,39]. We chose an eight-day window in this study 
because it encompassed both school/work days and free days while 
balancing the demand for participants and maintaining a good reli
ability of sleep estimates [51]. Subjective sleep parameters, including 
time in bed (TIB), total sleep time (TST), sleep onset latency (SOL), wake 
after sleep onset (WASO), sleep efficiency (SE), sleep onset time (SON), 
sleep offset time (SOFF), bedtime (BT), and rise time (RT) were derived 
from the sleep diary.

2.3.2. Objective sleep measures
Participants wore an Actiwatch Spectrum Plus (Philips Respironics, 

Bend, OR) on their non-dominant wrist to monitor all-day activities 
other than water activities (e.g., shower, swimming) for a duration of 
eight days. The activity levels were logged with a 60-s epoch length. The 
following sleep parameters were generated, including TIB, TST, SOL, 
WASO, SE, SON, and SOFF. Manual scoring of the start and the end of 
the rest intervals was conducted, following the suggestions of Patel 
(2015) by considering the reference indexes in the following order of 
importance: 1) event marker; 2) sleep diary, 3) white light intensity, and 
4) activity level [52].

2.3.3. Subjective circadian measures
Circadian preferences were assessed using the Morningness- 

Eveningness Questionnaire (MEQ) [53], which consists of 19 
self-assessment items. This questionnaire assesses individuals' 
sleep-wake habits, peak alertness times, and preferred activity levels 
throughout the day. Aggregate scores ranged from 16 to 86, with lower 
scores indicating eveningness preference and higher scores indicating 
morningness preference. The current sample demonstrated good reli
ability, with a Cronbach's alpha of 0.82.

Midpoint of sleep on free days corrected for sleep debt on workdays 
(MSFsc) was measured by sleep diary and served as a marker for sub
jective circadian preferences. This measure provides greater accuracy 
than the typical midpoint of sleep (MSF) by adjusting for the compen
satory sleep during free days. MSFsc was calculated by the following 
formula adopted in previous research [54], where SDf refers to the sleep 
duration during free days, and SDw.avg refers to the weighted average 
sleep duration. 

MSFsc=MSF −
(
SDf − SDw.avg

) /
2 

2.3.4. Objective circadian measures
MSFsc measured by actigraphy was used to assess the objective 

circadian phase. It was calculated using the same formula as that derived 
from the sleep diary.

Endogenous circadian phase was estimated by DLMO timing. DLMO 
assessment was conducted in the Sleep Laboratory at the University of 
Hong Kong. Prior to the lab-based DLMO assessment, participants were 
asked to continue their habitual rest-wake schedule and complete the 
sleep diary prospectively for eight days whilst wearing actigraphy. On 
the day of the DLMO assessment, participants were instructed to arrive 

at the laboratory 7.5 h before their habitual bedtime. They stayed in a 
room with an ambient light level below 10 lux as confirmed by a digital 
light meter throughout the assessment period. Saliva samples were 
collected 6 h before and 2 h after their habitual bedtime with a 30-min 
interval sampling rate under dim light circumstances [55]. A total of 17 
samples were collected for each participant. An ultra-performance liquid 
chromatography-tandem mass spectrometry (UPLC-MS/MS) with posi
tive electrospray ionization (Waters Acquity Xevo TQ-XS system, Waters 
Corporation, Milford, MA, USA) was used to assay the melatonin level of 
the collected salivary samples. The assay procedure was conducted at 
the Biomedical Mass Spectrometry Unit of the Department of Chemical 
Pathology, Prince of Wales Hospital. Salivary samples were diluted with 
an ascorbic acid solution that contained a deuterium-labeled melatonin 
internal standard, then centrifuged and injected into the UPLC-MS/MS 
for chromatographic separation from matrix interference and tandem 
mass spectrometric quantification. This method achieved a lower limit 
of quantification of 4.65 pmol/L and had a linear analytical range 
extending up to 2000 pmol/L. The DLMO clock time was estimated using 
linear interpolation with a threshold of 12.9 pmol/L (3.5 pg/mL) for at 
least two additional samples [56].

2.3.5. Mood-related measures
Depressive symptoms were assessed using the Beck Depression In

ventory – Short Form (BDI-SF) [57], a 13-item self-report measure with 
each item rated on a 4-point Likert scale. It is widely used in both clinical 
practice and research to evaluate the severity of depression. Aggregate 
scores range from 0 to 16, with higher scores indicating more severe 
depressive symptoms. In the current sample, BDI-SF demonstrated good 
internal consistency (Cronbach's α = .84).

Suicidality was assessed during the clinical interview using the Sui
cidality Module of the MINI [45]. This module assesses suicidal thoughts 
and behaviors over the past month. Based on the participants’ responses, 
their suicidality level was rated as: none, low, moderate, and high.

2.4. Statistical analysis

Intraindividual sleep variability was derived from both sleep diary 
(subjective) and actigraphy (objective) data. We calculated intra
individual sleep variability for the following parameters: TIB, TST, SOL, 
WASO, SON, SOFF, BT, RT. The root mean squared successive differ
ences (RMSSD) was employed to quantify the variability for each 
parameter, as indicated in the formula below, where n represents the 
number of days [38,39,58]. It can detect the changes from one night (i) 
to the next (i+1) and be less sensitive to systematic changes (e.g., a 
gradually delayed bedtime over time), when compared to using the 
deviations from individuals’ mean [59]. 

RMSSD=

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n− 1

i=1 (xi+1 − xi)
2

n − 1

√

Descriptive statistics were computed for all variables. One-way 
ANOVA or Chi-square test was used for between-group comparison. 
For the primary hypotheses, ANCOVA was used to compare sleep vari
ability across the three groups while controlling for mean values of 
corresponding sleep parameters, as suggested by previous studies [26,
30]. Post-hoc tests were conducted with Bonferroni correction to 
consider the overall rate of false positives of multiple comparisons. For 
the secondary hypotheses, a series of multiple regression models were 
used to examine the associations of intrinsic circadian phase and 
depressive symptoms with sleep variability using the data from the 
overall sample. The dependent variables included intraindividual vari
ability of each sleep parameter (TIB, TST, SOL, WASO, SON, SOFF, BT, 
RT), while the independent variables comprised DLMO clock times, 
BDI-SF scores, and the diagnostic group (DSWPD, ID, Control). Age, sex, 
ISI scores, and mean values of corresponding sleep parameters were 
adjusted for in the regression models. All analyses were conducted using 
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R (version 4.4.3). A p-value <0.05 was considered the threshold for 
statistical significance.

3. Results

3.1. Sample characteristics

A total of 113 youths were recruited (DSWPD: n = 34, Mage = 20.8 ±
1.7, 70.6% female; ID: n = 40, Mage = 20.3 ± 2.4, 70.0% female; Control: 
n = 39, Mage = 19.7 ± 2.1, 66.7% female). Sample characteristics are 
presented in Table 1. No significant differences in age, sex, and occu
pational status were found across the groups. The DSWPD group 
exhibited both a subjectively delayed circadian preference and an 
objectively delayed biological clock. They had significantly lower MEQ 
scores, later MSFsc, and later DLMO clock times than the ID group 
(MEQ: Mdiff = 7.96, p < .001; sMSFsc: Mdiff = − 1.08, p < .001; oMSFsc: 
Mdiff = − 1.20, p = .002; DLMO: Mdiff = − 1.55, p < .001) and the control 
group (MEQ: Mdiff = 10.51, p < .001; sMSFsc: Mdiff = − 1.29, p < .001; 
oMSFsc: Mdiff = − 1.39, p < .001; DLMO: Mdiff = − 2.10, p < .001). The 
DSWPD group also had the highest BDI-SF scores (compared to the ID 
group: Mdiff = − 3.56, p = .017; compared to the controls: Mdiff = − 6.45, 
p < .001), followed by the ID group (compared to the controls: Mdiff =

− 2.88, p = .010) and the control group. Both case groups had higher ISI 
scores compared to the control group (DSWPD: Mdiff = − 10.84, p < .001; 
ID: Mdiff = − 10.83, p < .001), but there was no significant difference in 
ISI scores between the DSWPD group and ID group (Mdiff = − 0.01, p >
0.05).

Subjective and objective sleep parameters were derived from the 
sleep diary and actigraphy data, respectively. Only valid sleep data 
recorded for five or more days based on the sleep diary and actigraphy 
were included in the analysis (sleep diary: n = 113/113, 100.0%, 
actigraphy: 109/113, 96.5%) [51,60]. Significant between-group dif
ferences were found in subjective SOL, WASO, SE, SON, SOFF, BT, RT as 
measured by sleep diary, and objective SOL, SON, SOFF as measured by 
actigraphy. Post-hoc tests revealed that DSWPD group showed signifi
cant later SOFF and RT compared to ID group (subjective SOFF: Mdiff =

− 1.18, p = .003; objective SOFF: Mdiff = − 1.41, p < .001; RT: Mdiff =

− 1.35, p < .001) and the control group (subjective SOFF: Mdiff = − 1.02, 
p = .016; objective SOFF: Mdiff = − 1.32, p = .002; RT: Mdiff = − 1.27, p =
.003), and later BT compared to ID group (Mdiff = − 0.94, p = .013). In 
terms of insomnia features, both case groups reported significantly 
longer subjective SOL (DSWPD: Mdiff = − 26.44, p < .001; ID: Mdiff =

− 29.40, p < .001), longer objective SOL (DSWPD: Mdiff = − 12.45, p =
.010; ID: Mdiff = − 13.97, p = .005) and lower subjective SE (DSWPD: 
Mdiff = 0.09, p < .001; ID: Mdiff = 0.08, p < .001) compared to the control 
group. DSWPD and ID groups showed comparable subjective and 
objective SOL, WASO, and SE (ps > 0.05). No significant group differ
ences were found in subjective and objective TIB and TST.

3.2. Comparison of sleep variability across the groups

Table 2 shows subjectively and objectively measured intraindividual 
sleep variabilities among groups. Significant differences were observed 
in subjective variability in TIB, TST, SOL, and BT as measured by sleep 
diary, objective WASO as measured by actigraphy. DSWPD group 
showed greater subjective vTIB (p = .010), vTST (p = .013), and vBT (p 
= .006) compared to ID group, as well as greater subjective vTST (p =
.017) and objective vWASO (p = .040) compared to the control group. 
Both DSWPD group (p = .011) and ID group (p < .001) showed greater 
subjective vSOL compared to the control group.

As most participants in the DSWPD group were university students, 
we conducted sensitivity analyses by re-running the models excluding 
secondary students, and the key results remained comparable (Table S1, 
Supplementary).

Table 1 
Sample characteristics.

DSWPD 
(a) n = 34

ID (b) n 
= 40

Control 
(c) n = 39

F test/χ2 Post 
hoc

Demographics
Age 20.76 

(1.74)
20.33 
(2.40)

19.72 
(2.08)

2.72 –

Female, n (%) 24 (70.6) 28 
(70.0)

26 
(66.7%)

0.16 –

Occupation, n 
(%)

​ ​ ​ 12.48 –

Employed 1 (2.9) 7 (17.5) 3 (7.7) ​ ​
Students 
(postgraduate)

5 (14.7) 5 (12.5) 3 (7.7) ​ ​

Students 
(undergraduate)

28 (82.4) 24 
(60.0)

26 (66.7) ​ ​

Students 
(secondary)

0 (0.0) 4 (10.0) 7 (17.9) ​ ​

Psychiatric history,a n (%)
Depressive 
disorders

14 (41.1) 3 (7.5) 0 (0.0) 26.85*** ​

Anxiety 
disordersb/OCD

8 (2.4) 6 (15.0) 0 (0.0) 9.56** ​

Suicidality ​ ​ ​ 18.90** ​
None 19 (55.9) 34 

(85.0)
37 (94.9) ​ ​

Low 11 (32.4) 4 (10.0) 2 (5.1) ​ ​
Moderate/High 4 (11.8) 2 (5.0) 0 (0.0) ​ ​

Insomnia symptomsc

DIS 32 (94.1) 38 
(95.0)

0 (0.0) 97.0*** ​

DMS 12 (35.3) 16 
(40.0)

0 (0.0) 19.8*** ​

EMA 8 (23.5) 12 
(30.0)

0 (0.0) 20.8*** ​

Insomnia severity
ISI score 14.74 

(4.43)
14.73 
(3.97)

3.90 
(3.08)

121.83*** a>c, 
b > c

Mood symptoms
BDI-SF score 11.09 

(5.99)
7.53 
(4.54)

4.64 
(4.02)

14.70*** a>b 
> c

Circadian measures
MEQ score 34.62 

(5.99)
42.58 
(8.21)

45.13 
(10.51)

19.34*** b>a, 
c>a

sMSFsc, hh:mm 06:46 
(01:25)

05:42 
(01:27)

05:29 
(01:25)

8.38*** a>b, 
a>c

oMSFsc, hh:mm 06:54 
(01:28)

05:42 
(01:23)

05:31 
(01:29)

8.78*** a>b, 
a>c

Time of DLMO, 
hh:mm

00:43 
(01:29)

23:10 
(01:41)

22:37 
(01:28)

18.16*** a>b, 
a>c

Subjective sleep parameters as measured by sleep diary
TIB, min 480.91 

(56.38)
482.74 
(52.49)

468.75 
(59.25)

0.68 –

TST, min 404.00 
(58.79)

410.37 
(61.02)

436.47 
(56.58)

3.32* –

SOL, min 36.75 
(21.91)

39.70 
(34.45)

10.31 
(8.43)

32.66*** a>c, 
b > c

WASO, min 6.91 
(12.23)

9.97 
(12.04)

3.50 
(7.41)

4.34* b > c

SE, % 83.94 
(7.12)

85.00 
(10.06)

93.05 
(4.52)

25.87*** c>a, 
c > b

SON, hh:mm 03:20 
(01:14)

02:01 
(01:10)

01:50 
(01:23)

15.13*** a>b, 
a>c

SOFF, hh:mm 10:11 
(01:32)

09:01 
(01:20)

09:10 
(01:31)

6.51** a>b, 
a>c

BT, hh:mm 01:49 
(01:31)

00:52 
(01:11)

01:16 
(01:25)

4.32* a>b

RT, hh:mm 10:44 
(01:34)

09:23 
(01:16)

09:28 
(01:33)

8.95*** a>b, 
a>c

Objective sleep parameters as measured by actigraphy
TIB, min 433.47 

(55.71)
433.06 
(54.07)

433.07 
(49.62)

0.00 –

TST, min 405.86 
(52.43)

400.20 
(51.32)

403.92 
(51.18)

0.11 –

SOL, min 26.43 
(20.11)

27.96 
(24.05)

13.98 
(11.22)

8.48*** a>c, 
b > c

(continued on next page)
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3.3. Sleep variability in relation to circadian measures and depressive 
symptoms across the full sample

The results of multiple regressions are summarized in Table 3. Re
sults of regressions were controlled for age, sex, ISI scores and respective 
mean of sleep parameters. Later DLMO timing was significantly associ
ated with greater subjective vTIB (p < .001), vTST (p < .001), and vSOFF 
(p = .007), as well as greater objective vTIB (p = .001) and vTST (p =
.006). Higher levels of depressive symptoms were significantly associ
ated with greater subjective vSOFF (p = .009), and vRT (p = .003), as 
well as greater objective vSOL (p = .031), vWASO (p = .015), and vSOFF 
(p = .039). Diagnostic group (with the control group as the reference) 
was not associated with sleep variability, except for variability in sub
jective vSOL (DSWPD vs control, p = .027).

4. Discussion

The present study compared sleep variability in youths with DSWPD, 
youths with insomnia disorder and their healthy counterparts. As a 
secondary exploration, it also tested the associations of sleep variability 
with an intrinsic circadian phase and depressive symptoms across the 
full sample. Relative to youths with insomnia disorder, those with 
DSWPD showed greater variability in self-reported BT, TIB, and TST. 
Compared with healthy sleepers, the DSWPD group also demonstrated 
greater variability in self-reported SOL and actigraphy-derived WASO 
compared to healthy sleepers. Youths with insomnia disorder showed 
greater variability in self-reported SOL compared to healthy sleepers. 
Greater sleep variability was associated with a more delayed circadian 
rhythm as reflected by later DLMO timing and with higher levels of 
depressive symptoms, after controlling for insomnia symptoms and 
irrespective of diagnostic group.

4.1. Sleep variability in DSWPD

The greater variability in diary-derived TST, SOL, and actigraphy- 
derived WASO observed in youths with DSWPD compared to healthy 
controls was consistent with previous studies based on both youth and 
adult samples. For example, previous research has consistently shown 
that individuals with DSWPD exhibit greater TST variability than con
trols, whether measured by sleep diaries or wrist actigraphy, in youths 
[61] and adults [38]. It is also plausible that these youths had difficulty 
in identifying their optimal sleep times. This was evident by our findings 
of greater variability in BT and RT among youths with DSWPD compared 
to those with insomnia and healthy sleepers, respectively. Youths with 
DSWPD may struggle to perceive sleepiness around sleep onset [62], or 
they may delay their sleep by engaging in other activities [63]. The use 
of digital devices, a common activity before bedtime in young people, 
has been found to be more prevalent among those with eveningness and 
is associated with adverse effects on sleep and mental health [64]. On 
the other hand, the variabilities in BT and TIB in youths with insomnia 
were lower than those of youths with DSWPD. These differences in BT 
and TIB may reflect a more consistent approach to sleep schedule for 
those with insomnia. Despite these behavioral differences, both groups 
showed higher SOL variability compared to controls but there was no 
significant difference between the two clinical groups. Increased sleep 
variability among individuals with DSWPD has been linked to poorer 
daytime functioning and greater sleep-related impairment [61], sug
gesting the need for enhanced clinical attention. Although 

Table 1 (continued )

DSWPD 
(a) n = 34 

ID (b) n 
= 40 

Control 
(c) n = 39 

F test/χ2 Post 
hoc

WASO, min 26.51 
(9.82)

29.76 
(16.92)

26.47 
(12.03)

0.60 –

SE, % 84.32 
(4.47)

84.07 
(6.85)

87.03 
(4.96)

3.65* –

SON, hh:mm 03:13 
(01:17)

01:49 
(01:11)

01:55 
(01:26)

12.51*** a>b, 
a>c

SOFF, hh:mm 10:27 
(01:36)

09:02 
(01:13)

09:08 
(01:28)

8.99*** a>b, 
a>c

Notes. Data were presented as means (SD) for variables that were not specified. a 

Psychiatric history included both current diagnosis or past history of psychiatric 
disorders. b Anxiety disorders included generalized anxiety disorder, panic dis
order, social anxiety disorder, specific phobias, and separation anxiety disorder. 
c Presence of specific insomnia symptom for at least three nights per week in the 
past three months. *p < .05, **p < .01, ***p < .001.
Abbreviations. DSWPD = delayed sleep-wake phase disorder; ID = insomnia 
disorder. DIS = difficulty initiating sleep; DMS = difficulty maintaining sleep; 
EMA = early morning awakening. OCD = obsessive compulsive disorder. 
sMSFsc = midpoint of sleep on free days corrected for sleep debt on work days as 
measured by sleep diary; oMSFsc = midpoint of sleep on free days corrected for 
sleep debt on work days as measured by actigraphy. TIB = time in bed; TST =
total sleep time; SOL = sleep onset latency; WASO = wake after sleep onset; SE 
= sleep efficiency; SON = sleep onset; SOFF = sleep offset; BT = bedtime; RT =
risetime.

Table 2 
Comparisons of subjectively and objectively measured sleep variability.

DSWPD (a) ID (b) Control (c) F/χ2 Post hoc

Intraindividual sleep variability of subjective parameters
vTIB 148.08 (86.11) 95.79 (38.33) 110.65 (62.82) 4.92** a>b
vTST 147.12 (65.97) 105.14 (41.99) 111.65 (59.10) 5.36** a>b, a>c
vSOL 35.68 (32.36) 28.17 (27.03) 8.77 (11.72) 10.27*** a>c, b > c
vWASO 16.31 (36.41) 14.86 (17.55) 6.41 (11.23) 2.10 –
vSON 2.12 (1.77) 1.22 (0.94) 1.35 (0.71) 1.64 –
vSOFF 2.21 (1.37) 1.74 (0.97) 1.58 (0.75) 1.68 –
vBT 2.10 (1.58) 1.08 (0.84) 1.36 (0.73) 5.06** a>b
vRT 2.24 (1.32) 1.76 (0.90) 1.59 (0.89) 1.26 –

Intraindividual sleep variability of objective parameters
vTIB 145.92 (81.25) 111.55 (46.89) 115.65 (66.37) 2.63 –
vTST 138.93 (76.31) 103.05 (44.03) 115.40 (64.83) 2.57 –
vSOL 33.08 (23.14) 35.49 (35.70) 17.57 (17.15) 2.36 –
vWASO 21.09 (17.14) 20.94 (17.81) 14.34 (8.61) 3.30* a>c
vSON 2.00 (1.53) 1.29 (0.91) 1.37 (0.73) 1.10 –
vSOFF 2.16 (1.16) 1.80 (0.89) 1.56 (0.91) 1.54 –

Notes. Data were presented as means (SD). Variability of sleep parameters (RMSSD) were ln(x+1) transformed before comparisons. Descriptive tables showed values 
before transformation. Covariates: respective mean. *p < .05, **p < .01, ***p < .001.
Abbreviations. DSWPD = delayed sleep-wake phase disorder; ID = insomnia disorder. vTIB = variability in time in bed; vTST = variability in total sleep time; vSOL =
variability in sleep onset latency; vWASO = variability in wake after sleep onset; vSON = variability in sleep onset; vSOFF = variability in sleep offset; vBT = variability 
in bedtime; vRT = variability in risetime.
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circadian-based treatments, such as timed melatonin administration 
[65] and bright light therapy [65,66], have demonstrated efficacy in 
phase advancing circadian rhythm, there remained limited research to 
examine their effects on sleep variability outcomes.

4.2. Sleep variability in insomnia

Aligned with previous studies in adults [35,39,67], not only longer 
SOL but also greater sleep variability in SOL were observed in youths 
with insomnia disorder compared to healthy controls. However, no 
significant differences in other sleep variability parameters were found 
between youths with and without insomnia. Previous evidence 
regarding variability in other sleep parameters, such as TST and WASO, 
has been less consistent in adults with insomnia. For example, two 
studies conducted in older adults found greater variability in TST, SOL, 
and WASO in those with insomnia compared to controls [35,39], while 
another study conducted in midlife women found increased SOL vari
ability in individuals with insomnia compared to those without 
insomnia [67]. The higher SOL variability observed in youths with 
insomnia may reflect their difficulties in achieving consistent timing in 
falling asleep. In addition, this variability may be associated with their 
perceptions of poor sleep quality and sleep loss [31,68]. While there 
have been limited experimental studies to explore the causal relation
ship between insomnia and sleep variability, behavioral treatments 
targeting insomnia have demonstrated associations between reductions 
in sleep variability and insomnia remission. For example, cognitive 
behavioral therapy for insomnia (CBT-I), the first-line treatment for 
insomnia, has been shown to effectively reduce sleep variability across 
various sleep variables as secondary outcomes (e.g., TST, SOL, WASO, 
BT, and RT) [28,69,70]. Further research is necessary to elucidate the 
causal mechanisms underlying the relationship between insomnia and 
sleep variability, as well as to test whether improving sleep stability 
could improve both insomnia and mood-related outcomes in youths.

4.3. Mood and circadian outcomes linked to sleep variability

The association between intrinsic circadian phase and sleep vari
ability appeared transdiagnostic: across the full sample, greater vari
ability in diary- and actigraphy-derived TIB and TST, as well as diary- 

Table 3 
Regression analysis of the association of circadian measures, depressive symp
toms, and clinical status with intraindividual sleep variability.

Unstandardized Standardized

b SE β t p

Intraindividual sleep variability of subjective parameters

vTIB
Group
DSWPD-C 0.02 0.18 0.03 0.09 0.932
ID-C − 0.07 0.17 − 0.14 − 0.43 0.670
DLMO 0.13 0.03 0.42 4.01 <0.001
BDI 0.02 0.01 0.18 1.73 0.086

vTST
Group
DSWPD-C 0.08 0.17 0.16 0.46 0.644
ID-C − 0.05 0.16 − 0.10 − 0.30 0.761
DLMO 0.11 0.03 0.39 3.64 <0.001
BDI 0.01 0.01 0.06 0.51 0.606

vSOL
Group
DSWPD-C 0.69 0.31 0.59 2.24 0.027
ID-C 0.33 0.29 0.28 1.14 0.256
DLMO 0.02 0.05 0.03 0.42 0.219
BDI − 0.02 0.02 − 0.10 − 1.23 0.227

vWASO
Group
DSWPD-C 0.36 0.30 0.31 1.19 0.236
ID-C 0.51 0.28 0.44 1.84 0.442
DLMO − 0.01 0.05 − 0.01 − 0.11 0.142
BDI 0.02 0.02 0.07 0.93 0.226

vSON
Group
DSWPD-C − 0.11 0.13 − 0.29 − 0.84 0.402
ID-C − 0.20 0.12 − 0.54 − 1.71 0.091
DLMO 0.00 0.03 0.00 0.03 0.980
BDI 0.00 0.01 0.04 0.40 0.690

vSOFF
Group
DSWPD-C − 0.14 0.10 − 0.47 − 1.39 0.169
ID-C − 0.09 0.10 − 0.28 − 0.89 0.376
DLMO 0.08 0.03 0.44 2.73 0.007
BDI 0.02 0.01 0.27 2.67 0.009

vBT
Group
DSWPD-C 0.09 0.13 0.25 0.69 0.491
ID-C − 0.09 0.12 − 0.24 − 0.73 0.468
DLMO 0.05 0.03 0.24 1.74 0.085
BDI 0.00 0.01 0.04 0.34 0.735

vRT
Group
DSWPD-C − 0.12 0.11 − 0.36 − 1.06 0.291
ID-C − 0.05 0.10 − 0.16 − 0.51 0.613
DLMO 0.06 0.03 0.31 1.88 0.062
BDI 0.02 0.01 0.31 3.01 0.003

Intraindividual sleep variability of objective parameters

vTIB
Group
DSWPD-C 0.12 0.19 0.22 0.61 0.546
ID-C 0.09 0.17 0.17 0.49 0.624
DLMO 0.11 0.03 0.36 3.32 0.001
BDI 0.01 0.01 0.07 0.64 0.523

vTST
Group
DSWPD-C 0.13 0.19 0.26 0.69 0.494
ID-C 0.05 0.17 0.10 0.30 0.582
DLMO 0.09 0.03 0.31 2.82 0.006
BDI 0.01 0.01 0.07 0.59 0.559

vSOL
Group
DSWPD-C 0.05 0.20 0.06 0.24 0.812
ID-C 0.04 0.18 0.05 0.22 0.823
DLMO 0.05 0.03 0.11 1.53 0.128
BDI − 0.02 0.01 − 0.16 − 2.19 0.031

vWASO
Group

Table 3 (continued )

Unstandardized Standardized

b SE β t p

DSWPD-C − 0.01 0.18 − 0.02 − 0.07 0.948
ID-C − 0.01 0.16 − 0.01 − 0.04 0.972
DLMO 0.00 0.03 0.01 0.12 0.901
BDI 0.03 0.01 0.23 2.49 0.015

vSON
Group
DSWPD-C − 0.09 0.12 − 0.28 − 0.77 0.442
ID-C − 0.16 0.11 − 0.48 − 1.44 0.181
DLMO 0.00 0.03 0.00 − 0.03 0.307
BDI 0.00 0.01 0.00 − 0.01 0.216

vSOFF
Group
DSWPD-C − 0.10 0.11 − 0.31 − 0.90 0.370
ID-C − 0.01 0.10 − 0.04 − 0.12 0.904
DLMO 0.04 0.03 0.23 1.49 0.139
BDI 0.01 0.01 0.18 2.10 0.039

Notes. Regression models adjusted for age, sex, Insomnia Severity Index (ISI) 
scores and respective mean of sleep parameters.
Abbreviations. DSWPD = delayed sleep-wake phase disorder; ID = insomnia 
disorder; C = control. vTIB = variability in time in bed; vTST = variability in 
total sleep time; vSOL = variability in sleep onset latency; vWASO = variability 
in wake after sleep onset; vSON = variability in sleep onset; vSOFF = variability 
in sleep offset; vBT = variability in bedtime; vRT = variability in risetime. 
DLMO = dim light melatonin onset; BDI = Beck Depression Inventory – Short 
Form.
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derived SOFF, were found to be associated with a delayed DLMO timing. 
This finding was consistent with previous studies that relied on subjec
tive circadian measures. For example, a study conducted in first-year 
college students found that a later chronotype (indicated by a lower 
MEQ score) correlated with greater variability in TST [41]. Another 
intervention study reported that increased evening preference, as 
measured by Morningness-Eveningness Composite Scale (MECS), was 
associated with greater variability in BT and TIB in adults with insomnia 
at baseline [28]. Additionally, genetic evidence supports that loci 
associated with chronotype affect sleep timing but not sleep quality or 
duration [71]. The current results further supported the relationship 
between sleep variability and circadian rhythm timing by using DLMO 
assessment, which is considered the gold standard for determining 
circadian phase [72]. However, further longitudinal studies are needed 
to clarify the directionality of this relationship (i.e., whether a delayed 
circadian phase at baseline predicts greater sleep variability at follow-up 
or vice versa).

Across the full sample, more severe depressive symptoms were 
associated with greater variability in sleep schedule (TIB, SOFF, RT) and 
in sleep parameters associated with insomnia symptoms (SOL, WASO). 
This observation was consistent with that of prior cross-sectional 
research conducted in adults [28,31,35]. Several factors may poten
tially contribute to this observed association. For example, irregular 
sleep patterns have been found to be linked to insomnia symptoms and 
stressful events (e.g., exams and heavy workload) [27,73], which are 
often accompanied by mood disturbances [73]. Longitudinal studies 
found that variability in total sleep time, wake time, and sleep timing 
prospectively predicted higher levels of depressive symptoms across 
diverse populations (e.g. adolescents, young adults, college students 
[29,32–34]), while the evidence supporting the reverse direction, i.e., 
depressive symptoms leading to greater sleep variability, has been less 
consistent [29,74]. An experimental study has further demonstrated that 
experimentally induced irregular sleep schedules over seven nights 
(time in bed alternating between 6 h and 9 h for the experimental group 
vs. fixed time in bed for 7.5 h in the control group) resulted in more 
negative mood in the evenings in the experimental group [75]. Future 
longitudinal studies may consider testing the directional nature of the 
relationship between depressive symptoms and sleep variability. In 
addition, investigating whether reducing sleep variability can alleviate 
depression or if improving mood decreases sleep variability may provide 
valuable insights for clinical practice and inform treatment strategies.

4.4. Study strengths and limitations

To the best of our knowledge, the present study was the first study to 
compare sleep variability in youths with DSWPD and insomnia disorder. 
The findings may enhance our understanding of sleep patterns and 
circadian features associated with DSWPD and insomnia disorder in 
youths. The present study utilized DLMO, a gold-standard marker of the 
central circadian clock [72], to objectively measure circadian rhythms. 
However, the following limitations should be considered when inter
preting the results of this study. First, the current sample consisted of 
more late adolescents, with most of them being university students. 
Although the sensitivity analyses did not reveal any substantial differ
ences, secondary school students or younger adolescents may face 
challenges distinct from those experienced by college or university 
students. Therefore, caution should be exercised when generalizing 
these findings to younger populations. Second, although significant 
group differences were found for anxiety disorders, we could not include 
this factor in the models due to the limited number of cases. Future 
studies should consider examining the effects of anxiety symptoms/
disorders. Third, some discrepancies in the findings of sleep variability 
based on sleep diary vs. actigraphy were noted. Nonetheless, the trends 
of the differences were consistent based on these two measures (e.g., 
highest variability in DSWPD group, lower variability in ID group or 
control group). Future research could incorporate additional objective 

sleep measures (e.g., under-mattress sleep sensors [76]), and further 
explore concordance between measures, as well as exploring sleep 
misperception in relation to sleep variability in DSWPD and ID. Lastly, 
the present study used a cross-sectional design and could not draw any 
bidirectional or causal conclusions. Future studies may consider using a 
longitudinal or experimental design to further explore the causal rela
tionship between sleep variability and its correlates.

4.5. Conclusion and clinical implications

The present study showed greater sleep variability in youths with 
DSWPD and insomnia disorder. These findings highlight the importance 
of considering sleep variability for assessing and managing sleep prob
lems in young people, emphasizing the need to consider circadian fac
tors and/or mood symptoms when treating youths with DSWPD or a 
delayed intrinsic circadian phase. Furthermore, the observed trans
diagnostic link between greater sleep variability and a higher level of 
depressive symptoms suggested the need to address sleep variability in 
the context of mood symptoms in young people.

CRediT authorship contribution statement

Yue Pan: Writing – original draft, Methodology, Investigation, 
Formal analysis, Data curation, Conceptualization. Forrest Tin Wai 
Cheung: Writing – review & editing, Project administration, Method
ology, Investigation, Data curation, Conceptualization. Joey Wing-Yan 
Chan: Writing – review & editing, Methodology, Conceptualization. 
Ngan Yin Chan: Writing – review & editing, Methodology, Conceptu
alization. Xiao Li: Writing – review & editing, Methodology, Concep
tualization. Amy Wing Yin Ho: Writing – review & editing, 
Methodology, Conceptualization. Chung Shun Ho: Writing – review & 
editing, Methodology, Conceptualization. Michael Gradisar: Writing – 
review & editing, Methodology, Conceptualization. Yun-Kwok Wing: 
Writing – review & editing, Methodology. Shirley Xin Li: Writing – 
review & editing, Validation, Supervision, Resources, Methodology, 
Investigation, Funding acquisition, Conceptualization.

Data availability statement

The data that support the findings of this study are available from the 
corresponding author, upon reasonable request and study protocol. The 
data are not publicly available due to privacy or ethical restrictions.

Disclosure statement

YKW received personal fees from Eisai Co. For lectures and travel 
support from Lundbeck HK Limited and Aculys Pharma, Japan. JWYC 
received personal fees from Eisai Co. MG received consulting fees from 
Sleep Cycle AB, Sweden, travel support from the Association for Sleep 
Disorders in Children and Adolescents, and is the CEO of WINK Sleep Pty 
Ltd. All other authors declare no financial or non-financial competing 
interests.

Declaration of competing interest

The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests: 
Shirley Xin Li reports financial support was provided by University 
Grants Committee Research Grants Council. Yun Kwok Wing reports a 
relationship with Eisai Co Ltd that includes: speaking and lecture fees. 
Yun Kwok Wing reports a relationship with Lundbeck HK Limited that 
includes: travel reimbursement. Yun Kwok Wing reports a relationship 
with Aculys Pharma, Japan that includes: travel reimbursement. Joey 
Wing-Yan Chan reports a relationship with Eisai Co Ltd that includes: 
travel reimbursement. Michael Gradisar reports a relationship with 
Sleep Cycle AB, Sweden that includes: consulting or advisory. Michael 

Y. Pan et al.                                                                                                                                                                                                                                     Sleep Medicine 142 (2026) 108859 

7 



Gradisar reports a relationship with Association for Sleep Disorders in 
Children and Adolescents that includes: travel reimbursement. Michael 
Gradisar reports a relationship with WINK Sleep Pty Ltd that includes: 
employment. Given her role as the Field Editor, Joey Wing-Yan Chan 
had no involvement in the peer review of this article and had no access 
to information regarding its peer review. Full responsibility for the 
editorial process for this article was delegated to another journal editor. 
If there are other authors, they declare that they have no known 
competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper.

Acknowledgments

This work was supported by the General Research Fund from the 
Hong Kong Research Grants Council awarded to SXL (Ref. 17615722) 
and the Seed Fund for Basic Research (University Research Committee, 
The University of Hong Kong) awarded to SXL. The funders had no roles 
in the study design or the collection, management, analysis, interpre
tation, or reporting of data.

The authors would like to thank the participants who took part in this 
study and the research staff at the Sleep Research Clinic & Laboratory, 
the University of Hong Kong, particularly Phoebe Kam and Nicole So, for 
their support with this project. The authors would also like to express 
their sincere appreciation to Dr. Bei Bei for her invaluable advice.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.sleep.2026.108859.

References

[1] Roenneberg T, Kuehnle T, Pramstaller PP, et al. A marker for the end of 
adolescence. Curr Biol 2004;14(24):R1038–9.

[2] Crowley SJ, Acebo C, Carskadon MA. Sleep, circadian rhythms, and delayed phase 
in adolescence. Sleep Med 2007;8(6):602–12.

[3] Gradisar M, Kahn M, Micic G, et al. Sleep's role in the development and resolution 
of adolescent depression. Nat Rev Psychol 2022;1(9):512–23.

[4] Sivertsen B, Pallesen S, Stormark KM, Bøe T, Lundervold AJ, Hysing M. Delayed 
sleep phase syndrome in adolescents: prevalence and correlates in a large 
population based study. BMC Public Health 2013;13:1–10.

[5] Sivertsen B, Harvey AG, Gradisar M, Pallesen S, Hysing M. Delayed sleep–wake 
phase disorder in young adults: prevalence and correlates from a national survey of 
Norwegian university students. Sleep Med 2021;77:184–91.

[6] Paine S-J, Fink J, Gander PH, Warman GR. Identifying advanced and delayed sleep 
phase disorders in the general population: a national survey of New Zealand adults. 
Chronobiol Int 2014;31(5):627–36.

[7] Wittmann M, Dinich J, Merrow M, Roenneberg T. Social jetlag: misalignment of 
biological and social time. Chronobiol Int 2006;23(1-2):497–509.

[8] Futenma K, Takaesu Y, Komada Y, et al. Delayed sleep–wake phase disorder and its 
related sleep behaviors in the young generation. Front Psychiatr 2023;14:1174719.

[9] Sateia MJ. International classification of sleep disorders-third edition: highlights 
and modifications. Chest Nov 2014;146(5):1387–94.

[10] Saxvig IW, Wilhelmsen-Langeland A, Pallesen S, et al. Objective measures of sleep 
and dim light melatonin onset in adolescents and young adults with delayed sleep 
phase disorder compared to healthy controls. J Sleep Res 2013;22(4):365–72.

[11] Richardson C, Micic G, Cain N, Bartel K, Maddock B, Gradisar M. Cognitive 
performance in adolescents with delayed sleep-wake phase disorder: treatment 
effects and a comparison with good sleepers. J Adolesc Jun 2018;65:72–84.

[12] Saxvig IW, Pallesen S, Wilhelmsen-Langeland A, Molde H, Bjorvatn B. Prevalence 
and correlates of delayed sleep phase in high school students. Sleep Med 2012;13 
(2):193–9.

[13] Cheung FTW, Li X, Hui TK, et al. Circadian preference and mental health outcomes 
in youth: a systematic review and meta-analysis. Sleep Med Rev 2023:101851.

[14] Reis C, Paiva T. Delayed sleep-wake phase disorder in a clinical population: gender 
and sub-population diferences. Sleep Science 2019;12(3):203.

[15] Chan NY, Au CT, Li SX, Wing YK. Sleep complaints among school children. Sleep 
Medicine Clinics 2022;17(1):53–65.

[16] Dohnt H, Gradisar M, Short MA. Insomnia and its symptoms in adolescents: 
comparing DSM-IV and ICSD-II diagnostic criteria. J Clin Sleep Med 2012;8(3): 
295–9.

[17] Hysing M, Pallesen S, Stormark KM, Lundervold AJ, Sivertsen B. Sleep patterns and 
insomnia among adolescents: a population-based study. J Sleep Res 2013;22(5): 
549–56.

[18] Johnson EO, Roth T, Schultz L, Breslau N. Epidemiology of DSM-IV insomnia in 
adolescence: lifetime prevalence, chronicity, and an emergent gender difference. 
Pediatrics 2006;117(2):e247–56.

[19] Zhang J, Chan NY, Lam SP, et al. Emergence of sex differences in insomnia 
symptoms in adolescents: a large-scale school-based study. Sleep 2016;39(8): 
1563–70.

[20] Roane BM, Taylor DJ. Adolescent insomnia as a risk factor for early adult 
depression and substance abuse. Sleep 2008;31(10):1351–6.

[21] Chen S-J, Zhang J-H, Li SX, et al. The trajectories and associations of eveningness 
and insomnia with daytime sleepiness, depression and suicidal ideation in 
adolescents: a 3-year longitudinal study. J Affect Disord 2021;294:533–42.

[22] Zhang L, Yang Y, Luo Y, Liu ZZ, Jia CX, Liu X. A longitudinal study of insomnia, 
daytime sleepiness, and academic performance in Chinese adolescents. Behav Sleep 
Med Nov-Dec 2022;20(6):798–808.

[23] Roberts RE, Roberts CR, Duong HT. Chronic insomnia and its negative 
consequences for health and functioning of adolescents: a 12-month prospective 
study. J Adolesc Health Mar 2008;42(3):294–302.

[24] Zhao K, Zhang J, Wu Z, Shen X, Tong S, Li S. The relationship between insomnia 
symptoms and school performance among 4966 adolescents in shanghai, China. 
Sleep Health Jun 2019;5(3):273–9.

[25] Fuligni AJ, Hardway C. Daily variation in adolescents' sleep, activities, and 
psychological well-being. J Res Adolesc 2006;16(3):353–78.

[26] Bei B, Wiley JF, Trinder J, Manber R. Beyond the mean: a systematic review on the 
correlates of daily intraindividual variability of sleep/wake patterns. Sleep Med 
Rev 2016;28:108–24.

[27] Messman BA, Wiley JF, Feldman E, Dietch JR, Taylor DJ, Slavish DC. Irregular 
sleep is linked to poorer mental health: a pooled analysis of eight studies. Sleep 
Health 2024;10(4):493–9.

[28] Suh S, Nowakowski S, Bernert RA, et al. Clinical significance of night-to-night sleep 
variability in insomnia. Sleep Med 2012;13(5):469–75.

[29] Fang Y, Forger DB, Frank E, Sen S, Goldstein C. Day-to-day variability in sleep 
parameters and depression risk: a prospective cohort study of training physicians. 
npj Digit Med 2021;4(1):28.

[30] Becker SP, Sidol CA, Van Dyk TR, Epstein JN, Beebe DW. Intraindividual 
variability of sleep/wake patterns in relation to child and adolescent functioning: a 
systematic review. Sleep Med Rev 2017;34:94–121.

[31] Lemola S, Ledermann T, Friedman EM. Variability of sleep duration is related to 
subjective sleep quality and subjective well-being: an actigraphy study. PLoS One 
2013;8(8):e71292.

[32] Rojo-Wissar DM, Parade SH, Barker DH, et al. Does sleep link child maltreatment to 
depressive symptoms among incoming first-year college students? Sleep Adv 2024; 
5(1). zpae041.

[33] Walsh RF, Maddox MA, Smith LT, et al. Sleep regularity in adolescents: 
associations with sleep, rest–activity indices, and prospective substance use and 
depression. J Sleep Res 2025:e14468.

[34] Castiglione-Fontanellaz CEG, Schaufler S, Wild S, Hamann C, Kaess M, Tarokh L. 
Sleep regularity in healthy adolescents: associations with sleep duration, sleep 
quality, and mental health. J Sleep Res 2023;32(4):e13865.

[35] Buysse DJ, Cheng Y, Germain A, et al. Night-to-night sleep variability in older 
adults with and without chronic insomnia. Sleep Med 2010;11(1):56–64.

[36] Paquet C, Lenker KP, Calhoun SL, Bixler EO, Vgontzas AN, Fernandez-Mendoza J. 
Short-term stability and night-to-night variability of sleep parameters in 
nightmares comorbid with chronic insomnia disorder across multiple nights of 
polysomnography. Sleep 2024;47(4). zsae032.

[37] Pu Z, Leong RL, Chee MW, Massar SA. Bedtime procrastination and chronotype 
differentially predict adolescent sleep on school nights and non-school nights. 
Sleep Health 2022;8(6):640–7.

[38] Burgess HJ, Park M, Wyatt JK, Rizvydeen M, Fogg LF. Sleep and circadian 
variability in people with delayed sleep–wake phase disorder versus healthy 
controls. Sleep Med 2017;34:33–9.

[39] Straus LD, Drummond SP, Nappi CM, Jenkins MM, Norman SB. Sleep variability in 
military-related PTSD: a comparison to primary insomnia and healthy controls. 
J Trauma Stress 2015;28(1):8–16.

[40] Cheung FTW, Chan JW, Chan NY, et al. Insomnia-related cognitive and 
behavioural factors in adolescents with delayed sleep-wake phase disorder. Sleep 
2021;44(Supplement_2):A229–30.

[41] Roane BM, Seifer R, Sharkey KM, et al. What role does sleep play in weight gain in 
the first semester of university? Behav Sleep Med 2015;13(6):491–505.

[42] Ong JC, Huang JS, Kuo TF, Manber R. Characteristics of insomniacs with self- 
reported morning and evening chronotypes. J Clin Sleep Med 2007;3(3):289–94.

[43] United Nations. General assembly, international youth year: participation, 
development, peace: report of the secretary-general. 1981. A/36/215.

[44] Merikangas KR, Zhang J, Emsellem H, et al. The structured diagnostic interview for 
sleep patterns and disorders: rationale and initial evaluation. Sleep Med May 2014; 
15(5):530–5.

[45] Sheehan DV, Lecrubier Y, Sheehan KH, et al. The mini-International 
Neuropsychiatric Interview (MINI): the development and validation of a structured 
diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry 1998;59 
(Suppl 20):22–33.

[46] Chung KF, Kan KK, Yeung WF. Assessing insomnia in adolescents: comparison of 
Insomnia Severity Index, Athens Insomnia Scale and Sleep Quality Index. Sleep 
Med May 2011;12(5):463–70.

[47] Li SX, Chan NY, Yu MWM, et al. Eveningness chronotype, insomnia symptoms, and 
emotional and behavioural problems in adolescents. Sleep Med 2018;47:93–9.

Y. Pan et al.                                                                                                                                                                                                                                     Sleep Medicine 142 (2026) 108859 

8 

https://doi.org/10.1016/j.sleep.2026.108859
https://doi.org/10.1016/j.sleep.2026.108859
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref1
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref1
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref2
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref2
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref3
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref3
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref4
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref4
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref4
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref5
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref5
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref5
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref6
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref6
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref6
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref7
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref7
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref8
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref8
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref9
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref9
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref10
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref10
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref10
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref11
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref11
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref11
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref12
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref12
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref12
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref13
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref13
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref14
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref14
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref15
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref15
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref16
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref16
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref16
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref17
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref17
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref17
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref18
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref18
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref18
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref19
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref19
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref19
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref20
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref20
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref21
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref21
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref21
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref22
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref22
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref22
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref23
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref23
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref23
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref24
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref24
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref24
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref25
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref25
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref26
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref26
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref26
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref27
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref27
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref27
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref28
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref28
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref29
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref29
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref29
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref30
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref30
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref30
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref31
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref31
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref31
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref32
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref32
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref32
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref33
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref33
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref33
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref34
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref34
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref34
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref35
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref35
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref36
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref36
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref36
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref36
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref37
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref37
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref37
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref38
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref38
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref38
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref39
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref39
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref39
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref40
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref40
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref40
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref41
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref41
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref42
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref42
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref43
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref43
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref44
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref44
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref44
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref45
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref45
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref45
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref45
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref46
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref46
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref46
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref47
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref47


[48] Edinger JD, Bonnet MH, Bootzin RR, et al. Derivation of research diagnostic 
criteria for insomnia: report of an American Academy of Sleep Medicine Work 
Group. Sleep 2004;27(8):1567–96.

[49] Bastien CH, Vallières A, Morin CM. Validation of the Insomnia Severity Index as an 
outcome measure for insomnia research. Sleep Med 2001;2(4):297–307.

[50] Carney CE, Buysse DJ, Ancoli-Israel S, et al. The consensus sleep diary: 
standardizing prospective sleep self-monitoring. Sleep 2012;35(2):287–302.

[51] Knutson KL, Rathouz PJ, Yan LL, Liu K, Lauderdale DS. Intra-individual daily and 
yearly variability in actigraphically recorded sleep measures: the CARDIA study. 
Sleep 2007;30(6):793–6.

[52] Patel SR, Weng J, Rueschman M, et al. Reproducibility of a standardized 
actigraphy scoring algorithm for sleep in a US Hispanic/Latino population. Sleep 
2015;38(9):1497–503.

[53] Horne JA, Ostberg O. A self-assessment questionnaire to determine morningness- 
eveningness in human circadian rhythms. Int J Chronobiol 1976;4(2):97–110.

[54] Cheung FTW, Ho AWY, Chan JWY, et al. Validation of the Chinese version of the 
Munich chronotype questionnaire (MCTQHK) in Hong Kong Chinese youths. 
Chronobiol Int 2022;39(5):678–89.

[55] Chen CX, Wang R, Cheung FTW, et al. A modified at-home methodology for 
measuring dim light melatonin onset timing in healthy adults. Chronobiol Int May 
2025;42(5):653–63.

[56] Crowley SJ, Suh C, Molina TA, Fogg LF, Sharkey KM, Carskadon MA. Estimating 
the dim light melatonin onset of adolescents within a 6-h sampling window: the 
impact of sampling rate and threshold method. Sleep Med 2016;20:59–66.

[57] Beck AT, Beck RW. Screening depressed patients in family practice: a rapid technic. 
PGM (Postgrad Med) 1972;52(6):81–5.

[58] Wiley JF, Bei B, Trinder J, Manber R. Variability as a predictor: a Bayesian 
variability model for small samples and few repeated measures. arXiv preprint 
arXiv:14112961 2014.

[59] Von Neumann J, Kent R, Bellinson H, Hart B. The mean square successive 
difference. Ann Math Stat 1941;12(2):153–62.

[60] Aili K, Åström-Paulsson S, Stoetzer U, Svartengren M, Hillert L. Reliability of 
actigraphy and subjective sleep measurements in adults: the design of sleep 
assessments. J Clin Sleep Med 2017;13(1):39–47.

[61] Saxvig IW, Wilhelmsen-Langeland A, Pallesen S, Nordhus IH, Vedaa Ø, Bjorvatn B. 
Habitual sleep, social jetlag, and reaction time in youths with delayed sleep–wake 
phase disorder. A case–control study. Front Psychol 2019;10:2569.

[62] Micic G, Lovato N, Gradisar M, et al. Nocturnal melatonin profiles in patients with 
delayed sleep-wake phase disorder and control sleepers. J Biol Rhythm 2015;30(5): 
437–48.

[63] Saxvig IW, Evanger LN, Pallesen S, et al. Circadian typology and implications for 
adolescent sleep health. Results from a large, cross-sectional, school-based study. 
Sleep Med 2021/07/01/2021;83:63–70.

[64] Yu DJ, Wing YK, Li TMH, Chan NY. The impact of social media use on sleep and 
mental health in youth: a scoping review. Curr Psychiatry Rep Mar 2024;26(3): 
104–19.

[65] Auger RR, Burgess HJ, Emens JS, Deriy LV, Thomas SM, Sharkey KM. Clinical 
practice guideline for the treatment of intrinsic circadian rhythm sleep-wake 
disorders: advanced sleep-wake phase disorder (ASWPD), delayed sleep-wake 
phase disorder (DSWPD), non-24-hour sleep-wake rhythm disorder (N24SWD), and 
irregular sleep-wake rhythm disorder (ISWRD). An update for 2015: an American 
academy of sleep medicine clinical practice guideline. J Clin Sleep Med 2015;11 
(10):1199–236.

[66] Chan JW, Lam S, Li SX, et al. Adjunctive bright light treatment with gradual 
advance in unipolar major depressive disorder with evening chronotype–A 
randomized controlled trial. Psychol Med 2022;52(8):1448–57.

[67] Cheek RE, Shaver JL, Lentz MJ. Lifestyle practices and nocturnal sleep in midlife 
women with and without insomnia. Biol Res Nurs Jul 2004;6(1):46–58.

[68] Bei B, Manber R, Allen NB, Trinder J, Wiley JF. Too long, too short, or too 
variable? Sleep intraindividual variability and its associations with perceived sleep 
quality and mood in adolescents during naturalistically unconstrained sleep. Sleep 
2017;40(2). zsw067.

[69] Vestergaard CL, Vedaa O, Simpson MR, et al. The effect of sleep-wake 
intraindividual variability in digital cognitive behavioral therapy for insomnia: a 
mediation analysis of a large-scale RCT. Sleep 2021;44(10). zsab118.

[70] Shaffer KM, Hedeker D, Morin CM, Ingersoll K, Thorndike F, Ritterband LM. 
Intraindividual variability in sleep schedule: effects of an internet-based cognitive- 
behavioral therapy for insomnia program and its relation with symptom remission. 
Sleep 2020;43(12). zsaa115.

[71] Jones SE, Lane JM, Wood AR, et al. Genome-wide association analyses of 
chronotype in 697,828 individuals provides insights into circadian rhythms. Nat 
Commun 2019;10(1):343.

[72] Benloucif S, Burgess HJ, Klerman EB, et al. Measuring melatonin in humans. J Clin 
Sleep Med 2008;4(1):66–9.

[73] Vidal Bustamante CM, Rodman AM, Dennison MJ, Flournoy JC, Mair P, 
McLaughlin KA. Within-person fluctuations in stressful life events, sleep, and 
anxiety and depression symptoms during adolescence: a multiwave prospective 
study. JCPP (J Child Psychol Psychiatry) 2020;61(10):1116–25.

[74] Zuidersma M, Lugtenburg A, van Zelst W, et al. Temporal dynamics of depression, 
cognitive performance and sleep in older persons with depressive symptoms and 
cognitive impairments: a series of eight single-subject studies. Int Psychogeriatr 
2022;34(1):47–59.

[75] Sun W, Cheung FTW, Chan NY, et al. The impacts of intra-individual daily sleep 
variability on daytime functioning and sleep architecture in healthy young adults: 
an experimental study. J Sleep Res 2024;33(3):e13967.

[76] Manners J, Kemps E, Lechat B, Catcheside P, Eckert DJ, Scott H. Performance 
evaluation of an under-mattress sleep sensor versus polysomnography in > 400 
nights with healthy and unhealthy sleep. J Sleep Res 2025:e14480.

Y. Pan et al.                                                                                                                                                                                                                                     Sleep Medicine 142 (2026) 108859 

9 

http://refhub.elsevier.com/S1389-9457(26)00098-5/sref48
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref48
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref48
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref49
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref49
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref50
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref50
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref51
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref51
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref51
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref52
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref52
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref52
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref53
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref53
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref54
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref54
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref54
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref55
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref55
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref55
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref56
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref56
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref56
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref57
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref57
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref58
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref58
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref58
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref59
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref59
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref60
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref60
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref60
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref61
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref61
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref61
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref62
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref62
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref62
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref63
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref63
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref63
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref64
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref64
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref64
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref65
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref65
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref65
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref65
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref65
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref65
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref65
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref66
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref66
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref66
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref67
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref67
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref68
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref68
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref68
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref68
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref69
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref69
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref69
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref70
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref70
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref70
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref70
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref71
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref71
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref71
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref72
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref72
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref73
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref73
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref73
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref73
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref74
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref74
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref74
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref74
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref75
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref75
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref75
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref76
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref76
http://refhub.elsevier.com/S1389-9457(26)00098-5/sref76

	Sleep variability in delayed sleep-wake phase disorder and insomnia disorder in youth: A case-control study
	1 Introduction
	2 Methods
	2.1 Study procedure
	2.2 Participants
	2.3 Measures
	2.3.1 Subjective sleep measures
	2.3.2 Objective sleep measures
	2.3.3 Subjective circadian measures
	2.3.4 Objective circadian measures
	2.3.5 Mood-related measures

	2.4 Statistical analysis

	3 Results
	3.1 Sample characteristics
	3.2 Comparison of sleep variability across the groups
	3.3 Sleep variability in relation to circadian measures and depressive symptoms across the full sample

	4 Discussion
	4.1 Sleep variability in DSWPD
	4.2 Sleep variability in insomnia
	4.3 Mood and circadian outcomes linked to sleep variability
	4.4 Study strengths and limitations
	4.5 Conclusion and clinical implications

	CRediT authorship contribution statement
	Data availability statement
	Disclosure statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


