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Study Objectives: School terms and vacations represent naturally occurring periods of restricted and extended sleep opportunities. A cognitive
model of the relationships among objective sleep, subjective sleep, and negative mood was tested across these periods, with sleep-specific (i.e.,
dysfunctional beliefs and attitudes about sleep) and global (i.e., dysfunctional attitudes) cognitive vulnerabilities as moderators.

Design: Longitudinal study over the last week of a school term (Time-E), the following 2-w vacation (Time-V), and the first week of the next term
(Time-S).

Setting: General community.

Participants: 146 adolescents, 47.3% male, mean age = 16.2 years (standard deviation + 1 year).

Interventions: N/A.

Measurements and Results: Objective sleep was measured continuously by actigraphy. Sociodemographics and cognitive vulnerabilities were
assessed at Time-E; subjective sleep, negative mood (anxiety and depressive symptoms), and academic stress were measured at each time
point. Controlling for academic stress and sex, subjective sleep quality mediated the relationship between objective sleep and negative mood
at all time points. During extended (Time-V), but not restricted (Time-E and Time-S) sleep opportunity, this mediation was moderated by global
cognitive vulnerability, with the indirect effects stronger with higher vulnerability. Further, at Time-E and Time-V, but not Time-S, greater sleep-
specific and global cognitive vulnerabilities were associated with poorer subjective sleep quality and mood, respectively.

Conclusions: Results highlighted the importance of subjective sleep perception in the development of sleep related mood problems, and
supported the role of cognitive vulnerabilities as potential mechanisms in the relationships between objective sleep, subjective sleep, and negative
mood. Adolescents with higher cognitive vulnerability are more susceptible to perceived poor sleep and sleep related mood problems. These

findings have practical implications for interventions.
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INTRODUCTION

There is growing recognition that a significant number of ad-
olescents obtain insufficient and poor quality sleep,"? especially
during school weekdays.* Major contributing factors include
maturational processes that produce a progressive delay in the
circadian timing of sleep and a reduction in homeostatic drive
across adolescence,* early school start times,* and psychosocial
factors such as less parental control over bedtime and the emer-
gence of cultural social interests and obligations.** Insufficient
and poor sleep has been linked to psychosocial and physical
consequences such as impaired cognitive performance,® obe-
sity,” and increased risks for mood problems® in adolescents.

The Sleep-Mood Relationship in Adolescents

The adolescent literature on the bidirectional relationship
between sleep and negative mood has focused on two areas:
sleep differences among adolescents with and without a mood/
anxiety disorder, and whether sleep restriction/deprivation
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affects mood. Sleep can be assessed objectively using poly-
somnography (PSG) or actigraphy, and subjectively using
self-report questionnaires or sleep diary. Depressive’ or anx-
iety '*!" disorders have typically been associated with longer
sleep onset latency (SOL), more awakenings, and shorter rapid
eye movement latency. In adolescents, lower subjective sleep
quality and quantity are cross-sectionally associated with
negative mood,” ™ and longitudinally with increased risk
of mood problems."*'® Studies that have integrated objective
with subjective measurements of sleep are rare, and results
are somewhat inconsistent. For example, among community
adolescents, subjective sleepiness, but not actigraphy-mea-
sured sleep duration or its variability, was related to anxiety/
depressive symptoms.® Nevertheless, longer PSG-measured
SOL during childhood/adolescence predicted adulthood de-
pression,'” and experimentally restricting sleep in adolescents
worsened mood and emotional regulation,'®?' suggesting an
etiological role for sleep in negative mood.

A Cognitive Vulnerability Model of the Sleep-Mood Relationship

From a neurocognitive perspective the prefrontal cortex
(PFC), which is important for cognitive control and affect regu-
lation,?? undergoes ongoing development during adolescence.*
The negative effects of sleep deprivation on the functioning
of the PFC ** has been proposed as a potential neurocognitive
mechanism underlying the affective consequences of inad-
equate sleep.?%
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However, few studies have explored the mechanisms under-
lying the relationship between sleep and negative mood from a
psychological perspective. The stronger relationship between
subjective sleep and mood when compared to that between
objective sleep and mood®*?* suggests that psychological
factors that contribute to personal experiences of sleep might
play important roles in the sleep-mood relationship. One such
psychological factor is cognitive vulnerability—erroneous be-
liefs, cognitive biases, or patterns of thought that predispose
individuals to a higher likelihood of psychopathology.”® The
importance of these cognitive processes in the development
and maintenance of mood problems is supported by strong em-
pirical evidence in both adults*® and adolescents®=* yet they
are rarely applied to understand the sleep-mood relationship.

Sleep-Specific Cognitive Vulnerability

When dysfunctional beliefs and attitudes are related to sleep,
they are sleep specific, and are most commonly assessed using
the Dysfunctional Beliefs and Attitudes about Sleep (DBAS)
Scale.*® The contribution of DBAS as a sleep-specific cognitive
vulnerability to sleep complaints is elegantly illustrated in Har-
vey’s cognitive model of insomnia,* which proposes that indi-
viduals with insomnia tend to be preoccupied by sleep and the
daytime consequences of poor sleep. This excessive, negatively
toned, cognitive activity triggers selective attention and moni-
toring of sleep related threat cues, and can lead to overestimation
of sleep deficit. Few studies have assessed DBAS among ado-
lescents; however, those that did have found that higher DBAS
scores were associated with longer actigraphy-assessed SOL,*’
as well as shorter subjectively assessed nighttime sleep and more
regular napping.*® These findings suggest a link between DBAS
and poor sleep in adolescents, and a potential role of DBAS in
sleep perception and sleep safety behaviors (e.g., napping).

Global Cognitive Vulnerability

When dysfunctional beliefs and attitudes are not focused on
a specific behavioral or experiential domain, they are global.
Based on Beck’s widely studied cognitive model,* early adverse
events foster negative attitudes and biases about self, world, and
future, that are integrated into the cognitive organization in the
form of schemas, which become activated by later life stressors
that impinge on the specific cognitive vulnerability, leading to
systematic negative biases at the core of depression.*

There is some evidence that global cognitive vulnerabilities
might play a role in the association between sleep complaints
and negative mood. For example, in adolescents, sleep prob-
lems have been associated with cognitive factors (cognitive
errors and control beliefs) that were closely linked to anxiety
and depression.* Among young female adults,* insufficient
sleep has been shown to be correlated with melancholic symp-
toms such as “I thought my life had been a failure” rather than

“poor concentration” or “difficulty to get going”. Also, a recent

study in older adults showed that hopelessness, an aspect of
global cognitive vulnerability, partially mediated the effect of
insomnia on depressive symptoms.*

Restricted and Extended Sleep Opportunities
In adolescents, school days are associated with restricted
sleep opportunities'** and vacation periods with extended
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sleep opportunities.® It is important to study the roles of cogni-
tive vulnerability in the sleep-mood relationship during both
school and vacation periods because (1) they represent two dis-
tinctive sleep-wake patterns common to most adolescents, (2)
naturalistic changes in sleep opportunity over school terms and
vacation are associated with changes in sleep quality such as
SOL? that are relevant to mood,"” and (3) this allows examina-
tion of cognitive vulnerabilities under two conditions in which
school schedule, an exogenous nonpsychological factor, is the
main contributing factor to differences in sleep opportunity.

The Current Study

In this study, a cognitive vulnerability model of the relation-
ships between objective sleep, subjective sleep, and negative
mood (see Figure 1) was proposed and tested in a single model
during both school terms and vacations. It was hypothesized
that:

1. Subjective sleep perception would mediate the
relationship between objective sleep and negative mood.

2.Based on the cognitive model of insomnia,*® higher
sleep-specific cognitive vulnerability would be
associated with worse subjective sleep, and that the
relationship between objective sleep and subjective
sleep would be moderated by sleep-specific cognitive
vulnerability.

3. Based on the general cognitive model of depression,*
higher global cognitive vulnerability would be
associated with worse mood, and that the relationship
between subjective sleep and negative mood would
be moderated by global cognitive vulnerability. This
part of the model proposes that perceived poor sleep
functions as a form of life stress and interacts with
biased cognitions in vulnerable individuals to lead to
negative mood.

Academic stress and sex were included as covariates as
the prior literature has shown that higher academic stress*«¢
and being female*** were associated with mood problems in
adolescents. Academic stress was controlled because it was
theorized that it is a major non-sleep related contributor to the
mood differences between the school and vacation periods.

METHODS

Participants

Participants were 146 adolescents (47.26% males, age
mean + standard deviation = 16.18 + 1.00 y) enrolled in y
10—12 of Australian secondary colleges, and were primarily
of Australian (59.6%) or Asian (26.7%) descent. One female
was excluded because the presence of multiple sleep disorders
with daily naps, and data from the first week were excluded
from one female because of physical illness. A small number
of participants reported having a depressive, anxiety, or atten-
tion deficit hyperactivity disorder (6.16%), or sleep conditions
(11.64%) such as insomnia and bruxism at the time of recruit-
ment (see Bei et al.? for details). No significant differences in
model fit or parameter estimates were found when the hypoth-
esized model was estimated with or without these participants.
Therefore, they were not excluded to retain the representative-
ness of a community sample.
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Procedures

Procedures were approved by
the Human Research Ethics Com-
mittee of the University of Mel-

Sleep-Specific
Cognitive
Vulnerability > o Vulnerability

Global
Cognitive

bourne. Participants were recruited
via flyers in community centers
and school e-newsletters with two
movie vouchers as incentives. In-
formed consent was obtained from
participants and guardians.

Data were collected over school

X Negative

Subjective

Objective Sleep

terms and vacations (typically 2 w
in Australia), excluding summer
vacations, using an actigraph and
online surveys. Participants were
asked to register bedtimes and rise
times using the actigraph’s Event
Marker and wear the actigraph on
the non-dominant hand continu-
ously for 4 w: the last school term
week (Time-E [End]), through the
2-w vacation (Time-V [Vacation]),
and the first week of the following
term (Time-S [Start]). The mea-
sures of subjective sleep, negative
mood, and academic stress referred

effects on mood.

Figure 1—Analytic model of the relationships among objective sleep, subjective sleep, and cognitive
vulnerabilities. Gray boxes indicate dependent variables, white boxes indicate independent variables,
black dots represent the interaction of variables, lines with arrows represent directional regression paths
from one variable to another, dotted lines represent paths that were not specifically hypothesized but were
necessary to allow the possibility that effects were not mediated by subjective sleep but rather were direct

A 4

Mood

Sleep

Covariates

to the preceding week, and were

collected over Time-E, Time-V (within the second week of
vacation), and Time-S. Demographics and cognitive vulner-
ability were assessed at Time-E.

Equipment and Materials

Actigraphy

Actigraphy is widely used to study sleep patterns in adoles-
cents,* and provides estimates of sleep duration and quality
close to that of PSG.*® Actiwatch 2 and Actiwatch-64 (Mini
Mitter, Bend, OR, USA) with comparable sleep statistics® were
used with data collected at 1-min epochs and analysed based
on “medium” threshold for sleep/wake detection in Actiware
5.5. The following variables were generated using Actiware
software (details on data processing see Bei et al.%): total sleep
time (TST,,), sleep onset latency (SOL,.,), sleep efficiency
(SE,.;), and percentage of wake after sleep onset (%WASO,).
For Time-E and Time-S with restricted sleep opportunity, data
from Monday to Thursday (24-h cycles that started and ended
on a school day) were averaged; weekend days with extended
sleep opportunity were not included. Data from the Saturdays
at the start to the end of the vacation were averaged for Time-V
variables.

acti

Questionnaires

Subjective Sleep: The Pittsburgh Sleep Quality Index*
(PSQI) is well validated® and has been applied in the ado-
lescent population to assess sleep problems with good reli-
ability."** In this study, two subjective component scores were
derived using PSQI raw values. First, TST,,; (min) was used
as the subjective sleep duration variable. Second, raw values
for SOL ; (min), SE ; (%), SD_; (sleep disturbance; sum of

psqi psqi psqi
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items 5b-5j), SQ,,; (sleep quality; item 9), and DD, (sleep
related daytime dysfunction; item 7) were standardized and
summed to be the subjective sleep quality (SSQ) variable. Item
8, “how much of a problem was it for you to keep up enthu-
siasm to get things done?” was not included to reduce overlap
with negative mood.

Negative Mood: Negative mood was assessed using two
well-validated scales for depressive (Center for Epidemiolog-
ical Studies Depression Scale; CES-D%) and anxiety (Spence
Children’s Anxiety Scale; SCAS*) symptoms. The CES-D
has 20 items, and has been validated for use in adolescents™’;
the 44-item SCAS was designed for assessing various aspects
of anxiety in children and adolescents. To reduce overlap be-
tween sleep and negative mood, scores on the item “my sleep
was restless” was removed from the total score of CES-D. Both
scales had excellent internal consistency reliability across all
time points (all Cronbach a > 0.89). Correlations between
the total scores of CES-D and SCAS were high across time
(r ranged 0.59-0.66). This is consistent with the notion that
although depression and anxiety can be reliably distinguished,
they have substantial overlap.® In this study, overall negative
mood was of interest, and scales of depression and anxiety
were standardized and summed within each time point to
make a composite score (MOOD) where higher values indicate
greater negative mood.

Cognitive Vulnerability: Sleep-specific cognitive vulner-
ability was assessed using the Dysfunctional Beliefs and At-
titudes about Sleep Scale-16 (DBAS-16), an abbreviated form
of the DBAS Scale that is well validated.” Global cognitive
vulnerability was assessed using the Dysfunctional Attitude
Scale (DAS), a 40-item questionnaire that assesses assump-
tions and beliefs based on Beck’s cognitive model,®*¢' and is
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Table 1—Means (standard deviations) of objective sleep, subjective sleep,
mood, academic stress, and cognitive vulnerability variables.
Variable Time-V Time-S Time-E
Objective sleep
BT, 00:39 (81.42) 23:22 (71.65) 23:14 (61.96)
TST,y 430.15(48.32)  389.35(52.75)  398.01 (46.07)
SOL, 20.33 (12.49) 19.97 (15.71) 15.80 (11.82)
SE, 79.70 (5.37) 81.11(5.72) 81.92 (5.14)
%WASO, 13.70 (4.84) 12.38 (4.57) 12.52 (4.31)
Subjective sleep
TST 499.38 (88.02)  439.71(72.15)  443.19 (66.51)
SOL, 24.03 (21.54) 27.54 (24.82) 24.40 (20.29)
SE, 86.76 (10.84) 89.46 (9.17) 89.29 (8.49)
SD g 3.53 (2.81) 3.36 (2.63) 3.26 (2.64)
DD, 0.45 (0.58) 0.77 (0.72) 0.72 (0.68)
SQq 1.15(0.77) 1.30 (0.70) 1.24 (0.66)
PSQI Global® 5.62 (2.94) 6.26 (3.29) 5.91(2.63)
Mood
CES-D 11.23 (8.40) 12.55 (8.67) 13.21(9.29)
SCAS 19.08 (13.56) 17.59 (14.00) 23.50 (14.84)
Academic stress  32.51 (10.87) 35.68 (10.66) 39.65 (10.54)
Vulnerabilities
DBAS 72.02 (26.24)
DAS 125.82 (32.43)
2 Global PSQI scores were provided for reference only, and were not used for
any analysis. All variables followed with “acti” in subscript were derived from
actigraphy, and all variables followed with “psqi” in subscript were derived from
the Pittsburgh Sleep Quality Index (PSQI). n ranged from 136-145 for each
variable because of a small amount of missing data. BT, bedtime, CES-D, Center
for Epidemiologic Studies Depression Scale; DAS, dysfunctional attitudes
scale; DBAS, dysfunctional beliefs and attitudes about sleep; DD, daytime
dysfunction; SE, sleep efficiency; SCAS, Spence Children’s Anxiety Scale;
SD, sleep disturbance; SOL, sleep onset latency; SQ, sleep quality; Time-E, end
of term; Time-S, start of term; Time-V, vacation period; TST, total sleep time;
%WASO, % wake after sleep onset.

using a series of linear regression analyses to determine
the specific objective and subjective sleep variables
that best represented the objective and subjective con-
cepts. Second, primary model analyses were conducted
at all three time points to test the hypothesized model
in Figure 1. Sex and academic stress were included as co-
variates. Age was considered as a covariate, but was ex-
cluded after preliminary analyses showed that it shared
minimal correlations at all time points (all 7’s < 0.11, all
P > 0.05) with all variables included in the model.

Statistical Methods

Primary analyses were estimated in a Bayesian path
analysis framework,*¢ which performs excellently for me-
diation analysis,* using R 3.0 and Mplus 7.0 via Mplus-
Automation 0.6-2.% Missing data were handled by using all
available data, which is more efficient than listwise dele-
tion. Outliers and normality were assessed and one outlier
was removed from SOL,.; and SOL,; at Time-V. Further,
the Bayesian inference is robust to non-normality. To facili-
tate interpretation, continuous variables were standardized
to have a mean of zero and standard deviation of one.

Minimally informative priors were used for all param-
eters and convergence was determined using the Gelman
scale reduction factor < 1.05 from two independent chains™
with at least 5,000 iterations. Model fit was assessed using
posterior predictive checks,” which give a P value for the
difference between the estimated and observed covariance
matrix. A non-significant value indicates good fit. Param-
eter estimates are reported as the posterior medians and
95% credible intervals. Two-tailed significance tests were
used and P < 0.05 was considered statistically significant.

acti

RESULTS

Descriptive Statistics
Descriptive statistics are shown in Table 1. Differences

validated for use in adolescents.®* Higher total scores on both

the DBAS-16 and the DAS indicate higher endorsement of
dysfunctional beliefs. In this study, Cronbach a was 0.86 for
DBAS and 0.92 for DAS.

Academic Stress: Academic stress was measured using 18
academic-specific items (e.g., “struggling to meet your own
standards of performance at school”) from the 41-item Inven-
tory of High-School Students’ Recent Life Experiences.*® Par-
ticipants were asked to rate from 1 to 4 how each experience
had been a part of his/her life, and the 18 items were summed
to create a composite where higher total scores reflect greater
academic stress. The academic stress composite had excellent
internal consistency reliability across time points (all Cron-
bach a > 0.90).

Statistical Analysis

Analytic Plan
The hypothesized model in Figure 1 was tested as a single
model in two steps. First, preliminary analyses were conducted
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in objective sleep variables between time points have
been reported previously.’ The data indicate that com-
pared to Time-V with extended sleep opportunity, Time-S and
Time-E were associated with substantial sleep restriction with
significantly shorter sleep duration, shorter SOL, and more
consolidated sleep as measured by actigraphy. Linear mixed
models showed that compared to school term, Time-V was as-
sociated with significantly shorter TST,,;, higher DD, and
lower SE ;; however, SD,; and SOL,; were not significantly
different across time points. Depressive symptoms increased
significantly from Time-V to Time-E, whereas anxiety symp-
toms decreased from Time-V to Time-S, but were highest at
Time-E. Overall the sample was healthy, with 90.41%, 89.04%,
and 84.25% scoring under the clinical cutoff on the CES-D,”
and 91.78%, 90.41%, and 81.51% within the normal range on
the SCAS>® at Time-V, Time-S, and Time-E respectively.

The rate of missing data on actigraphy was low (91.40%
of all daily data were available) and was caused by technical
faults, inconvenience of wearing the actigraph during certain
activities, potential participant noncompliance, and a lost acti-
graph. Objective sleep variables based on averaged actigraphy
daily values had < 6.20% missing at any time point. The rate
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Table 2—Results of the cognitive vulnerability model tested at Time-V, Time-S, and Time-E.
Time-V Time-S Time-E
B (SE) 95% CI B (SE) 95% CI B (SE) 95% CI
MOOD
SOL, -0.07 (0.08) -0.21,0.08 -0.04 (0.07) -0.18,0.10 -0.01 (0.06) -0.12,0.11
SSQ 0.29 (0.08)¢ 0.14,0.43 0.42(0.07)¢ 0.29,0.57 0.31(0.06)° 0.20,0.43
DBAS 0.14 (0.07)2 0.00, 0.27 0.15(0.07)® 0.02,0.29 0.18 (0.06)® 0.06, 0.30
DAS 0.21(0.07)® 0.06, 0.35 0.04 (0.06) -0.08, 0.17 0.24 (0.06)° 0.12,0.36
SSQ x DAS 0.12 (0.06)® 0.00, 0.24 nonsignificant, dropped from model nonsignificant, dropped from model
Female 0.44 (0.13)® 0.18,0.70 0.26 (0.13)® 0.00, 0.51 0.28 (0.11)2 0.05, 0.50
Academic stress 0.28(0.07)° 0.13,0.42 0.29 (0.07)° 0.15,0.43 0.33(0.07)° 0.21,0.46
SSQ
SOL, 0.36(0.08)°¢ 0.22,0.52 0.21(0.07)° 0.06, 0.36 0.21(0.08)® 0.06, 0.36
DBAS 0.16 (0.07)° 0.02,0.32 0.09 (0.08) -0.06, 0.24 0.30(0.08)° 0.15, 0.46
Female 0.18 (0.15) -0.11,0.47 0.29 (0.16) -0.03, 0.59 0.23 (0.15) -0.07,0.53
Academic stress 0.20 (0.07)® 0.05,0.35 0.32 (0.08)¢ 0.15,0.47 0.18 (0.08)® 0.02,0.34
Indirect effect significant indirect effect was 0.09 (0.04)° 0.02,0.17 0.06 (0.03)® 0.02,0.12
moderated, see Figure 2
Model fit P value 0.347 0.311 0.215
MOOD and SSQ are dependent variables, other variables are predictors. Standardized estimates and standard errors are reported, with 95% confidence
intervals (Cl). 2P < 0.05. °P < 0.01. °P < 0.001. DAS, dysfunctional attitudes scale; DBAS, dysfunctional attitudes about sleep; MOOD, a composite score
based on standardized Center for Epidemiological Studies Depression Scale and Spence Children’s Anxiety Scale; SOL,;, actigraphy-assessed sleep
onset latency; SSQ, subjective sleep quality (higher is worse), a composite score based on sleep quality subscales of Pittsburgh Sleep Quality Index;
Time-E, end of term; Time-S, start of term; Time-V, vacation period.

of missing data for questionnaires was similarly low (< 4.14%)
across all time points.

Preliminary Analyses

To identify which sleep variables uniquely explained nega-
tive mood at each time point, MOOD was simultaneously re-
gressed on SSQ and TST,;, and on BT,;, TST,;, SOL,;, SE
and %WASO,;, controlling for sex and academic stress. SSQ
was the only statistically significant subjective sleep variable
(all P < 0.001), whereas no actigraphy variable was significant
(all P> 0.08). Next, SSQ was simultaneously regressed on BT, ,;,
TST,.;, SOL,;, SE,.;, and %WASO,,; to examine whether ob-
jective sleep variables uniquely explained SSQ. Across all time
points, SOL, ; was the only significant explanatory variable
(all P < 0.05), with higher SOL,; being associated with worse
SSQ. Therefore, SOL,,; was used for objective sleep and SSQ
for subjective sleep.

acti> acti>

acti

Primary Model Analyses

The full model shown in Figure 1 was tested at all three time
points with good model fit (see results in Table 2). The interac-
tion of SOL,.; with DBAS was not a significant predictor of
SSQ or MOOD at any time point (all P > 0.05) and was there-
fore dropped in the final models. The interaction of SSQ with
DAS did not significantly predict MOOD at Time-S or Time-
E, and this path was dropped from the model at Time-S and
Time-E. No other paths from the model were dropped.

The Mediating Role of Subjective Sleep (Hypothesis 1)
Across all time points after controlling for academic stress
and sex, SOL, ; was significantly associated with SSQ, such

acti
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that if SOL,; was longer by one standard deviation, SSQ was
worse by 0.21 to 0.36 standard deviations (all P < 0.01). Al-
though SOL,.; was not significantly associated with MOOD,
worse SSQ was significantly associated with more negative
MOOD across all time points (all P < 0.001).

There was a significant indirect effect of SOL,.; on MOOD
via SSQ at Time-S (B = 0.09, P = 0.002) and Time-E ($ = 0.06,
P =0.008), such that longer SOL,,; was associated with higher
SSQ, which in turn was associated with more negative MOOD.
The indirect effect was also significant at Time-V; as this sig-
nificant mediation effect was qualified by moderation, it is
discussed under Hypothesis 3. Therefore, Hypothesis 1, that
subjective sleep mediates the relationship between objective
sleep and negative mood, was supported at all three time points.

The Role of DBAS (Hypothesis 2)

The direct effect of DBAS on SSQ was significant at Time-V
(P = 0.028) and Time-E (P < 0.001), and higher DBAS was
associated with worse SSQ. The direct effect of DBAS on
SSQ was not significant at Time-S (P = 0.23). The interaction
of DBAS and SOL,; on SSQ was not significant at all time
points. These results suggest that DBAS did not moderate the
relationship between objective and subjective sleep, but made
significant direct contributions to subjective sleep at Time-V
and Time-E. This partially confirms Hypothesis 2.

The Role of DAS (Hypothesis 3)

The direct effect of DAS on MOOD was significant at
Time-V and Time-E (P <0.01), and higher DAS was associated
with more negative mood. The direct effect of DAS on MOOD
was not significant at Time-S (P > 0.05).

Cognitive Vulnerability Model of Sleep and Mood—Bei et al.
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Figure 2—Line represents the indirect effect of SOL,,; on MOOD via
SSQ at each value of DAS. The shaded region represents 95% credible
intervals. When the interval does not include 0, the indirect effect is
statistically significant at P < 0.05. DAS, dysfunctional attitudes scale;
MOOD, a composite score; SOL,, actigraphy-assessed sleep onset
latency; SSQ, subjective sleep quality.

At Time-V (but not Time-V or Time-E), there was a signif-
icant SSQ by DAS interaction, such that the association be-
tween SSQ and MOOD was stronger with higher DAS scores
(more vulnerable). Also at Time-V, the significant mediating
effect of SSQ between SOL,.; and MOOD was moderated by
DAS, such that the indirect effect was stronger for individuals
with higher vulnerability (higher DAS scores). The indirect
effects of SOL,.; on MOOD via SSQ across a range of DAS
values are shown in Figure 2. The indirect effect is statistically
significant for DAS raw scores > 98.22, when the 95% confi-
dence interval does not include zero. In this sample, the range
of DAS was from 60 to 221, with 115 participants falling above
the 98.22 cutoff on DAS where the indirect effect is significant.

Thus, the hypothesis that global cognitive vulnerability (i.e.,
DAS) moderates the relationship between sleep perception and
negative mood was supported for extended but not restricted
sleep opportunity. DAS also made significant direct contribu-
tions to negative mood at Time-V and Time-E.

Covariates

At all time points, higher academic stress was significantly
associated with worse SSQ (all P < 0.05), whereas the effect
of sex on SSQ was not significant. Sex and academic stress
had moderate and significant effects on MOOD across all time
points, such that being female (all P < 0.05) and having higher
academic stress (all P < 0.001) were associated with more neg-
ative MOOD.

DISCUSSION

Findings suggest that the cognitive vulnerability model pro-
posed in Figure 1 can be useful in understanding the relation-
ship between sleep and negative mood in adolescents over both
restricted and extended sleep opportunities.

Subjective Sleep, Objective Sleep, and Mood
At all time points, actigraphy-measured SOL was the only
objective variable that made significant, unique contributions
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to SSQ. This suggests that the presleep period and ease of
sleep onset are key aspects of sleep experience upon which
adolescents base their sleep perception, and are critical to their
evaluation of overall sleep quality. The finding from the pre-
liminary analysis that SSQ, but not objective sleep, was sig-
nificantly associated with negative mood at all time points is
consistent with the current understanding in both adolescent®
and adult?” literature. The finding that during both restricted
and extended sleep opportunities, SSQ mediated the relation-
ship between objective sleep and negative mood highlighted an
important mechanistic role of perceived sleep quality in sleep
related mood problems among adolescents.

Sleep-Specific Cognitive Vulnerability

In this study, DBAS as a sleep-specific cognitive vulner-
ability was not found to be a moderator between objective and
subjective sleep, but a direct contributor to SSQ after control-
ling for academic stress and sex. The significant association
between higher DBAS and worse SSQ at Time-E and Time-V
is consistent with findings in adults that individuals with higher
DBAS tend to have more sleep complaints.’*” Findings in this
study suggested that sleep-specific cognitive vulnerability
might predispose adolescents to perceive poorer sleep quality
during both restricted and extended sleep opportunities.

The effect of DBAS on SSQ was stronger at Time-E com-
pared to Time-V. It is possible that although the effects of
academic stress on SSQ was controlled, concerns regarding
school-related sleep restriction and its daytime consequences
at the end of a school term might have contributed to a stronger
effect of DBAS compared to during vacation periods. The ab-
sence of a significant effect of DBAS on SSQ at Time-S can be
interpreted in light of substantial changes in sleep-wake pat-
terns at the start of a new school term: attitudes and beliefs
might play a more important role at Time-V and Time-E when
sleep-wake schedules were more stably established, compared
to at Time-S when there was an abrupt advance in sleep timing
and significant sleep restriction as adolescents transitioned
from extended to restricted sleep opportunity.® Thus, sleep pa-
rameters might be more strongly affected by changes in exter-
nally imposed sleep schedules.

Global Cognitive Vulnerability

Consistent with Beck’s cognitive model,* after controlling
for SSQ and covariates, higher dysfunctional attitudes were
associated with more negative mood at Time-E and Time-V.
Similar to the findings for DBAS and SSQ, the absence of a
significant effect of DAS on MOOD at Time-S might be caused
by other factors associated with the transition from extended
to restricted sleep opportunity having greater effect on mood
than dysfunctional beliefs.

During extended (Time-V) but not restricted (Time-S or
Time-E) sleep opportunity, DAS moderated the relationship
between SSQ and negative mood. In addition, DAS moderated
the significant indirect effects of SOL,,; on negative mood via
SSQ, such that greater endorsement on dysfunctional attitudes
was associated with a significantly stronger relationship be-
tween SSQ and negative mood, as well as a stronger mediating
effect of SSQ. In other words, when sleep opportunity is uncon-
strained, subjective sleep perception is of particular relevance
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to negative mood among cognitively vulnerable adolescents,
and they were more likely to experience negative mood upon
perceiving poor sleep. Adolescents with higher global cog-
nitive vulnerability were more likely to engage in unhelpful
thinking processes. Extended sleep opportunity may be per-
missive of these processes during time in bed, leading to per-
ceived poor sleep, as well as facilitating associations amongst
bedtime, poor sleep, and negative emotional experiences; in
contrast, restricted sleep opportunity and subsequently short-
ened SOL during the school term?® might mitigate the effect of
DAS on the sleep-mood association.

In this study, SSQ mediated the relationship between objec-
tive sleep and negative mood in nearly 80% of the sample with
higher DAS, suggesting that for the majority of adolescents,
global cognitive vulnerability might play a role in the etiology
of sleep related mood problems.

Covariates

Consistent with the existing literature, at all time points
higher academic stress*#¢ and being female**® were asso-
ciated with negative mood after controlling for SSQ; higher
academic stress was also associated with poorer SSQ. These
results highlight that multiple factors, including both sleep and
non-sleep related factors, collectively contribute to adolescents’
psychological well-being during school terms and vacations.

Limitations

First, the relations among variables within each time point
were cross-sectional, limiting the strength of causal inference.
Second, potential overestimation of wakefulness by actig-
raphy has recently been noted in adolescents.” However, if this
were to be present, it would contribute to the absolute values
of some actigraphy variables, and be less likely to affect their
association with other measures. Third, the lack of normative
data in adolescents impeded the computation of a global score
for PSQI that represented overall sleep quality. This was over-
come by using self-report TST in minutes, and summing stan-
dardized raw subscale scores to quantify overall sleep quality.
Fourth, only one aspect of global cognitive vulnerability, dys-
functional attitudes, was assessed, and other factors, such as
attributional style” and coping strategies™ were not examined.
In addition, other psychological factors that might be relevant
to adolescents’ sleep and mood, such as positive affect’” and
presleep arousal’ were not examined. Fifth, participants being
older adolescents who are relatively healthy raises the caveat
that results might not be generalizable to younger adolescents
or a clinical population.

Strengths

This is, to the best of our knowledge, the first study to have
tested a cognitive vulnerability model of the relationships
among objective sleep, subjective sleep, and negative mood
in adolescents under both restricted and extended sleep condi-
tions. Conceptually, the integration of theories and empirical
evidence from both sleep and psychological sciences helped
examine not just the association between sleep and negative
mood, but also its underlying mechanisms. Methodologically,
a naturalistic design and an unselected community sample sug-
gest that findings in this study are likely to reflect adolescents’
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everyday experiences with good generalizability. Repeated
measures conducted across school terms and vacations al-
lowed for the examination of the cognitive vulnerability model
in two main parts of an academic year with distinct sleep-wake
patterns. Appropriate statistical modelling also strengthened
testing of the hypothesized model.

Implications

By examining cognitive vulnerabilities as important mod-
erators of the links between sleep and negative mood, this
study helped better understand the psychological processes
underlying sleep related mood problems. Findings raise the
possibility that cognitive vulnerability might be a shared risk
factor for the development of both sleep problems and emo-
tional disorders.

There are several practical implications: (1) Compared to
actual sleep duration, perceived sleep quality played a more
important role in sleep related mood problems. A balanced
attitude toward sleep, integrating the importance of adequate
sleep, as well as normalizing some degrees of sleep restric-
tion without depicting sleep loss as necessarily being a threat
to well-being, might be helpful and appropriate in adolescents,
particularly those who have sleep onset difficulties. (2) The
mediating role of perceived sleep quality provides support to
the notion that sleep complaints may be a risk factor,” as well
as play a maintaining role®® in the development of emotional
disorders. Interventions that aim to improve sleep, particularly
the subjective experience of sleep, might have beneficial ef-
fects on existing mood symptoms,'*8! as well as preventive ef-
fects on the development of future mood problems. (3) This
study provides empirical support for therapeutically targeting
cognitive vulnerability as a risk factor for sleep complaints
and sleep related mood problems. Identifying and targeting in-
dividuals who are vulnerable to sleep related mood problems
(e.g., existing sleep onset difficulties, high cognitive vulner-
ability) might enhance effectiveness of sleep interventions in
adolescents.

ABBREVIATIONS

BT, bedtime

CES-D, Center for Epidemiologic Studies Depression Scale

DAS, dysfunctional attitudes scale

DBAS, Dysfunctional Beliefs and Attitudes about Sleep

DD, daytime dysfunction

MOOD, a composite score based on standardized Center
for Epidemiological Studies Depression Scale and
Spence Children’s Anxiety Scale

PFC, prefrontal cortex

PSG, polysomnography

PSQI, Pittsburgh Sleep Quality Index

SCAS, Spence Children’s Anxiety Scale

SD, sleep disturbance

SE, sleep efficiency

SOL, sleep onset latency

SQ, sleep quality

SSQ, subjective sleep quality

Time-E, end of term

Time-S, start of term

Time-V, vacation period
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TST, total sleep time
WASO, wake after sleep onset
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