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Abstract

Study Objectives: Inadequate sleep is pervasive among teens worldwide, resulting in daytime sleepiness and, in some cases,
depressive symptoms. In addition to their own behavioral choices, parent perceptions may also play a role in adolescent sleep. This
study conducted a preliminary evaluation of the antecedents and consequences of sleep factors among adolescents in the United
States and Taiwan.

Methods: Participants were adolescents with self-reported sleep concerns from academically similar schools in Taiwan (n = 548) and
northern California, United States (n = 128). Questionnaires on sleep and mood were administered to both the teens and parents.

Results: While Taiwanese students’ self-reported sleep behavior was generally better than U.S. students (p < .01), Taiwanese
students had higher overall self-reported sleepiness (p < .01). Furthermore, Taiwanese parents reported teen sleep durations of

6.53 + .827 hours per night during the week (with 45% perceiving this as sufficient), while U.S. parents reported teen sleep durations
of 7.22 +.930 hours (with 27% perceiving this as sufficient). Adolescents in both cohorts had high levels of symptoms consistent
with depression (Taiwan: 70%, United States: 62%), which was associated with shorter sleep times for both cohorts and evening
chronotype in the Taiwanese, but not U.S., adolescents.

Conclusions: Some differences exist between Taiwanese and U.S. adolescents, with generally better sleep and less sleepiness
reported among students in the United States, and Taiwanese students’ sleep influenced more strongly by chronotype. Furthermore,
Taiwanese parents reported less concern about their child’s insufficient sleep, despite the fact that inadequate sleep is strongly
associated with depressive symptoms for both cohorts.

Statement of Significance

While inadequate sleep is endemic among teens worldwide, there have been few direct comparisons among teens in different
countries. In comparing high academically achieving teens from the United States and Taiwan, we find that both groups sleep less
than recommended amounts, which is not surprising. Both groups also have elevated levels of depressive symptoms. Importantly,
however, despite reporting being aware of the inadequate sleep and its daytime sequelae (e.g. frequently falling asleep during
class), Taiwanese parents were less concerned about sleep insufficiency than their American counterparts. This points to the im-
portance of culture when attempting in evoke the social changes necessary to increase sleep time in teens.
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Introduction

There has been increased attention placed on the causes and
consequences of inadequate sleep [1-3]. One population in
whom inadequate sleep duration is endemic is that of high
school students, who have early rise times dictated by school
start times and late bed times that are likely due to reinforcing
biological and behavioral factors [4-6]. Biologically, changes
associated with adolescent development may contribute to a
delay in sleep onset secondary to a shift in chronotype (i.e.
circadian-based preference) to a later hour [7]. Behavioral fac-
tors include evening caffeine use, personal electronics (e.g.
computers, smartphones, and television) use, homework,
extracurricular activities and afterschool jobs, and evening
light exposure [8]. It is noteworthy that this transition to
eveningness is unlikely to be purely cultural as it has been
found in several countries beyond the United States, including
Italy, Germany, Japan, and Taiwan [9-13]. It is also important to
consider that an adolescent’s choice of bed timing and their
perception of the relative importance of sleep is shifting from
the parents’ responsibility to that of the child and still may
be influenced by a wide variety of factors including, to some
degree, parental opinions about sleep, parental enforcement
or suggestions of bed times, as well as parental sleep patterns
themselves [14-16].

This shift to a later chronotype in adolescents is associated
with behavioral/emotional problems, suicidality, and substance
use disorders [17]. Of particular note, later chronotypes report
more severe depressive symptoms in clinical and healthy sam-
ples [18, 19] and are more likely to develop depression [20]. The
association between late chronotype and depression could be
mediated or exacerbated by the association of late chronotype
with insufficient sleep, as short sleep duration is also associated
with increased depressive symptoms in adolescents [21].

The interplay of sleep, chronotype, and mood also could be
modified by the society in which people live. Chronotype, as de-
termined through self-report or monitoring of habitual sleep
patterns, may be highly influenced by requirements of work,
family, or school. For example, in Taiwan, where one study in-
dicated 21% of teens identified as evening type [22], nearly
half of all high school students receive after-school tutoring in
so-called “cram school” [23], which has been independently as-
sociated with insufficient sleep [24]. Attendance at cram school
pushes homework and then bedtime to later hours. The ele-
vated percent of so-called evening types in Taiwanese teens
may therefore be secondary to an enforced behavior rather than
innate [22].

In the current study, we aimed to examine differences in
chronotype, sleep, and mood in a cohort of Asian (Taiwan) and
U.S. (California Bay Area) teens who were matched for attend-
ance at high academically achieving schools. Specifically, the
intentions of this study are to evaluate whether there are dif-
ferences between Taiwanese and U.S. teens in their chronotype,
depressive symptoms, sleep behaviors, sleepiness, and their
parents’ impression of their sleep.

Methods
Participants

Data were collected throughout the academic year from stu-
dents enrolled full-time in public school systems in the United

States (2013-2016) and Taiwan (2017). Participants (United States,
n = 128; Taiwan, n = 548) were high school students, 14-18 years
of age. Recruitment was accomplished via ongoing partnerships
with local schools, pediatricians, the Stanford Sleep Clinic, the
Taiwan Society of Sleep Medicine, and posts to online bulletin
boards and high school electronic newsletters. Inclusion criteria
were enrollment full-time in grades 9-12 and expressing diffi-
culty going to bed earlier and waking up early enough. Exclusion
criteria included taking medication specifically for sleep dis-
orders. In both countries, participants were from heterogeneous
populations in terms of socioeconomic status and were from
high ranking schools (average Scholastic Aptitude Test scores
for the U.S. schools were in the 87th national percentile; stu-
dents in Taiwan achieved at least 90th percentile ranking on the
High School Entrance Exam). In the United States, participants
were recruited from 26 schools in California; whereas, in Taiwan,
participants were recruited from eight schools in northern, cen-
tral, and southern regions. All procedures were approved by the
Institutional Review Boards of Stanford University and National
Cheng Kung University. Assent was obtained from the adoles-
cent participant and consent was obtained from at least one
parent.

Measures

Morningness Eveningness Scale for Children (MESC)

English and Chinese versions of the 10-question MESC were ad-
ministered to determine chronotype, the measure of the degree
of morning or evening preference [17, 25]. This measure, initially
validated in 11-12 year olds, has frequently been used in ado-
lescent samples. A recent review of this instrument across 28
studies showed variable internal consistency (o = .63-.88) [26],
similar to our sample (United States a = .74; Taiwan a = .70).
Following Collado Mateo et al. [27], we used cutoff values at
the 25th and 75th percentile of the entire cohort to parse
chronotypes, which corresponds to values of 10-22 for evening
type, 23-27 for intermediate type, and 28-43 for morning type.

Center for Epidemiological Studies Depression Scale for Children
(CESDC)

English and Chinese versions of the 20-question CESDC were
administered to measure depressive symptoms [28, 29]. CESDC
scores range from O to 60, with higher scores indicating in-
creased levels of depressive symptoms; a cutoff score of 15 is
suggestive of depressive symptoms in children and adolescents.
Reliability in our sample was good (United States a = .89; Taiwan
o =.90) [30]. In addition to examining the CESDC as a continuous
measure, we also dichotomized the samples into those having,
or not, symptoms consistent with depression (CESDC >15) [28].

Adolescent Sleep Wake Scale (ASWS)

The English version of the 28-question ASWS was administered
to U.S. participants to measure self-reported sleep quality [31].
The scale is well-validated, and yields an overall score along
with five subscales: going to bed, falling asleep, maintaining
sleep, reinitiating sleep, and returning to wakefulness. The ori-
ginal validation data suggested good reliability for the overall
score (o = .80-.86) and poor to good reliability for the subscales
(a0 = .60-.82). For Taiwanese participants, we created a Chinese
version through multiple iterations of forward translation, back-
translation, expert committee, and pilot testing that showed a



similar internal consistency (U.S. overall score a = .86, subscale
scores o = .74-.81; Taiwan overall o = .83, subscale scores
o = .69-.80).

Cleveland Adolescent Sleepiness Questionnaire (CASQ)

The English version of the 16-question CASQ was administered
to U.S. participants to measure daytime sleepiness in adoles-
cents [32]. The questionnaire is well-validated, and yields an
overall score along with four subscales: sleepiness in school,
alertness in school, sleepiness during the evening, and sleepi-
ness during transport. The original validation data suggest good
reliability for the overall score (a = .89). For Taiwanese partici-
pants, a Chinese version of the CASQ was created through mul-
tiple iterations of forward translation, back-translation, expert
committee, and pilot testing. The CASQ is well-validated and
the internal consistency in our sample was good (United States
o = .88; Taiwan o = .86).

Child and Adolescent Sleep Checklist for parents (CASC-P)

The English version of the 24-question CASC-P was adminis-
tered to U.S. participants to measure one of the parent’s im-
pression of their teen’s sleep [33]. The questionnaire assesses
the overall parental-impression of sleep disturbance, including
bedtime problems, breathing during sleep, parasomnias, and
daytime problems. A Chinese version of the CASC-P was created
for Taiwanese participants through multiple iterations of for-
ward translation, back-translation, expert committee, and pilot
testing. Reliability in our sample was adequate (United States
o = .68; Taiwan a = .72).

Data analyses

Categorical data were compared with chi-square tests for
homogeneity, while continuous data were compared with in-
dependent samples t-tests. Effect sizes (partial eta-squared or
Hedges’ g or W) were reported for all comparisons. Effect sizes
can be categorized as weak (.01 < n? < .059; g = .2; W = .1), mod-
erate (.059 < n? < .138; g = .5; W ~ .3), or strong (y? > .138; g ~ .§;
W =~ .5) [34, 35]. Other statistical tests are indicated in the text.
All statistical analyses were performed by SPSS 20.0 (IBM, New
York). The statistical significance level was set at p < .05. Data are
presented as mean + SD.

Results
Demographics

Students were drawn from high achieving schools in the United
States (26 in the general area of the San Francisco Peninsula)
and Taiwan (8 schools in northern, southern, and central re-
gions). The cohorts from the United States and Taiwan were
similar in terms of distribution of grade, gender, and family in-
come (Table 1).

Chronotype

Students in the United States had lower scores on the MESC,
indicating a greater evening preference in the U.S. cohort
(Table 2). This was borne out in categorical examination of
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Table 1. Demographics of U.S. (n = 128) and Taiwanese students
(n =548)

United States Taiwan
% n % n
Grade*
9 31.0 39 26.8 147 %% =6.80
10 333 42 25.2 138 p=.08
11 18.3 23 22.5 123
12 17.5 22 25.6 140
Gender
Female 50.8 65 51.6 283 ¥?=0.03
Male 49.2 63 48.4 265 p=.86
Family income?
High 67.7 67 60.3 323 ¥?=3.88
Medium 27.3 27 28.6 153 p=.14
Low 5.1 5 11.2 60

*Missing data, n = 2 (United States).

fGrouped as <$50 000, $50 000-$150 000, >$150 000 annual income in the United
States and grouped based on self-reported income and education, employment
status, and occupation in Taiwan [45]; missing data, n = 29 (United States),

n =12 (Taiwan).

chronotypes as well. Of the students in the United States, 52%
were evening type, 14% morning type, and 34% neither type,
while of the students in Taiwan, 24% were evening type, 34%
morning type, and 42% neither type (y? = 43.5, p < .01, W = .25).
According to parental report (CASC-P), however, U.S. students,
went to sleep earlier than Taiwanese students on weekdays
(23:17 + 57 vs. 23:43 + 50 minutes; p < .01, t-test; g = .53), but
not weekends (24:10 + 69 vs. 24:02 + 52 minutes; p = .20, t-test;
g = .15). U.S. students also awoke later during weekdays (7:05 +
33 vs. 6:27 + 30 minutes; p < .01, t-test; g = 1.2) and weekends
(10:04 + 84 vs. 8:57 + 96 minutes; p < .01, t-test; g = .72).

Depressive symptoms

Students in Taiwan had higher scores on the CESDC, indicating a
greater amount of depressive symptomatology in the Taiwanese
cohort (Table 2). We dichotomized each cohort based on whether
scores on the CESDC were consistent with a likelihood of de-
pression. Of the students in the United States, 62% met this cri-
terion for depression and of the students in Taiwan, 70% met
this criterion for depression. There was no difference in the
rates of meeting depression criteria in the two cohorts (x> = 3.01,
p = .08, W = .07). Chronotype was associated with both degree
of depressive symptoms (CESDC score) as well as percentage of
individuals meeting criteria for likely depression, with evening
chronotype being associated with greater rates of depression
and higher average values on the CESDC (Table 3).

Sleep-related behavior

Students in Taiwan had higher scores on the ASWS, indicating
better sleep-related behavior in the Taiwanese cohort (Table 2).
The ASWS can be divided into five subscales of behavior: going
to bed, falling asleep, maintaining sleep, reinitiating sleep, and
returning to wakefulness. On each of these subscales, scores
in the Taiwanese cohort were greater than the U.S. cohort. On
the falling asleep subscale (i.e. how easy it is for individuals to
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fall asleep), the difference between the cohort from Taiwan and
United States was of a large effect size; other subscales were
either weak or moderate. We also observed chronotype differ-
ences in the ASWS, with worse sleep-related behavior in the
evening types in both cohorts (Table 3).

Sleepiness

Overall self-reported sleepiness scores on the CASQ were similar
between the cohorts (Table 2). The CASQ can be divided into
four subscales: sleepiness in school, alertness in school, sleepi-
ness in the evening, and sleepiness during transit. Taiwanese
students scored higher than U.S. students on sleepiness in
school. Taiwanese students also scored lower than U.S. students
on alertness in school and sleepiness in the evening; sleepi-
ness during transit was similar. Thus, while the overall CASQ
scores were statistically indistinguishable between the cohorts,

Table 2. Sleep-related questionnaires in U.S. and Taiwanese students

Taiwanese students were sleepier during the day while U.S. stu-
dents were sleepier in the evening. We also observed chronotype
differences in the CASQ, with greater sleepiness in the evening
types in both cohorts (Table 3).

Parent impression of adolescent sleep

Parents of adolescents in Taiwan had lower scores on the
CASC-P than parents of adolescents in the United States,
indicating that the parents in Taiwan reported that their ado-
lescent child had fewer problems with sleep (Table 2). On the
CASC-P subscale of presleep behaviors, parents from the United
States had more concerns regarding their adolescent’s presleep
behavior than parents from Taiwan. There were no differences
between the cohorts of parental concerns of adolescent be-
havior during the sleep period, sleep-related behavior during
the daytime, or parasomnia and sleep movement. Among the

United States Taiwan
Mean SD Mean SD t n?
MESC 22.65 4.48 25.52 4.38 6.63" .06
CESDC 19.23 9.71 21.49 10.05 2.31* .01
ASWS 18.32 2.94 22.05 2.75 13.62* .22
Going to bed 3.30 1.05 3.60 1.05 2.87* .01
Falling asleep 3.76 .94 4.87 79 13.80" 22
Maintaining sleep 4.44 .84 5.15 .66 10.31* .14
Reinitiating sleep 4.68 .87 5.23 .75 7.24* .07
Returning to wake 2.14 .80 3.19 1.09 10.38* .14
CASQ 40.05 9.39 41.29 9.67 1.31 .00
Sleep in school 8.19 3.70 11.16 4.14 7.44* .08
Awake in school 15.82 4.00 14.75 3.76 2.87* .01
Sleep in evening 8.87 2.47 8.27 2.66 2.30* .01
Sleep during transport 7.17 2.67 7.11 2.81 21 .00
CASC-P 17.02 5.84 15.13 6.05 3.16" .02
Bed time problems 6.12 2.10 4.53 2.15 7.49* .08
Sleep breathing/unstable sleep 2.72 2.22 2.92 2.15 .92 .00
Daytime problems 7.20 3.18 6.60 3.13 1.93 .01
Parasomnia/sleep movement 97 1.43 1.08 1.42 77 .00
*p < .05.
Table 3. Interaction of chronotype with sleep behavior and depressive symptoms in U.S. and Taiwanese students
Chronotype
Morning Intermediate Evening n?
CESDC-raw United States 17.4 +10.2 179+7.84 20.6 £ 10.6 0.02*
Taiwan 18.8 + 9.82 21.5+£8.90 253 +11.1
CESDC-criteria United States 56% 59% 65% n/a™
Taiwan 61% 71% 80%
ASWS United States 19.7 +2.83 19.1+2.86 17.4 +2.76 .09**
Taiwan 235+243 21.9 +2.48 20.2 +2.50
CASQ United States 36.8 + 10.0 38.4 +7.89 42.1+9.79 .06™*
Taiwan 36.6 + 8.96 42.1 + 8.65 46.6 +9.29
CASC-P United States 194 + 6.84 15.6 £ 5.88 17.3+£5.31 .02t
Taiwan 13.9+6.29 14.6 £5.59 17.7 £ 5.80

CESDC-raw, Center for Epidemiological Studies Depression Scale for Children, raw total scores; CESDC-criteria, percentage of individuals with CESDC scores con-
sistent with depression. Continuous data are presented as mean + SD with p-values derived from two-way analysis of variance. Categorical data are presented as

percentage with p-values derived from y? tests.
*p < .05, *p < .01, Tp < .05 for interaction.



six presleep behaviors captured on the CASC-P (except one
concerning leg movement), answers to each of the questions
were highly divergent between the cohorts. Parents felt that
students always or sometimes used caffeine before bed more
in Taiwan (22% vs. 10%, x? = 42.3, p < .0001), always or some-
times used electronics before bed more in the United States
(94% vs. 79%, x? = 31.0, p < .0001), always or sometimes avoided
bedtime more in the United States (70% vs. 23%, x> = 126, p <
.0001), always or sometimes had bedtime anxiety more in the
United States (9% vs. 4%, y* = 13.7.3, p < .01), and always or
sometimes had trouble falling asleep when alone more in the
United States (18% vs. 3%, x? = 46.1, p < .0001). The frequency
that caffeine or electronics was used prior to bed was not as-
sociated with parent-reported short (<20 minutes) or long (>20
minutes) sleep latency in either cohort (ps > .06, y? test).

We also observed chronotype differences in the CASC-P
(Table 3). A chronotype by cohort interaction was present such
that the parents of teens from Taiwan who were of morning or
intermediate chronotype had lower concerns about their teen’s
sleep, as compared with the parents of teens who were evening
type (from either cohort, ps < .02, Tukey post hoc) or the parents
of teens who were morning type (from the U.S. cohort, ps < .02,
Tukey post hoc).

The CASC-P also reports on parent impression of the
adolescent’s sleep quantity (Figure 1). Parents in Taiwan re-
ported that their children slept 6.53 + .827 hours per night
during the week and 8.75 + 1.37 hours per night on the week-
ends. Parents in the United States reported that their children
slept 7.22 + .930 hours per night during the week and 9.55 +
1.25 hours per night on the weekends. Both parent-reported
weekday (p < .001) and weekend (p < .001) sleep duration were
shorter in the adolescents in Taiwan (Figure 1). Only 7% of the
adolescents in Taiwan and 30% of the adolescents in the United
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States were reported to have the National Sleep Foundation re-
commended 8 or more hours in bed. Sleep onset latency in the
U.S. cohort was also greater, as 27% of parents reported their
child taking more than 40 minutes to fall asleep, as compared
with 5% of Taiwanese parents (x? = 99.4, p < .0001).

There was divergence on parental concern for sleep as well.
In the U.S. cohort, 27% of parents reported feeling that their teen
got enough or almost enough sleep, while in the Taiwan cohort,
45% of parents reported feeling that their teen got enough or
almost enough sleep (x? = 13.9, p < .001). In the parents who
reported feeling that their teen got enough or almost enough
sleep, the parents reported that the teen slept for 7.95 + .668
hours in the United States, but only 6.85 +.775 hours in Taiwan,
a difference of 66 minutes (p <.001).

Sleep, sleepiness, and depressive symptoms

In both cohorts, there was a moderate correlation between
sleepiness (CASQ total score) and depression (CESDC total score)
such that increased sleepiness was associated with increased
depressive symptoms (Table 4). In both cohorts, there was also
a weak correlation between parent-reported weekday sleep
length and depression such that shorter sleep was associated
with increased depressive symptoms (Table 4). We did not ob-
serve such an association between depressive symptoms and
parent-reported weekend sleep length (Table 4).

Discussion

Our data indicate that in both the United States and Taiwan,
adolescents from high achieving high schools who self-
identify as individuals with problematic sleep do indeed
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Figure 1. Parent-reported total sleep time (hours) of adolescents on weekdays (upper) and weekends (lower). The histogram for the distribution of responses from the
Taiwan cohort are shown with columns (diagonal lines, lower left to upper right) and normal curves in black. The histogram for the distribution of responses from the
U.S. cohort are shown with columns (diagonal lines, upper left to lower right), and normal curves in dark gray. Crosshatched columns are indicative of overlap between

the two populations.
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Table 4. Correlation among sleep, sleepiness, and depressive symp-
toms in U.S. and Taiwanese students

TSTweek TSTweekend CASQ
Taiwan CESDC -15" .07 35"
U.S. CESDC -.20° -.097 A1

Pearson r-values. TST,
a week night; TST
weekend night.
*p <.05,"p < .01.

weaw Parent estimated teen usual total sleep time on
parent estimated teen usual total sleep time on a

‘weekend’

exhibit insufficient sleep, with only, according to parent re-
port, 7% of the adolescents in Taiwan and 30% of the ado-
lescents in the United States achieving the National Sleep
Foundation-set minimum goal of at least 8 hours in bed
[36]. The greater proportion of Taiwanese teens having inad-
equate time in bed is likely secondary to a weekday bedtime
that is approximately 30 minutes later and a weekday wake
time that is approximately 30 minutes earlier as compared
with U.S. teens. Consistent with having inadequate sleep,
the Taiwanese adolescents, as compared with those from the
United States, were more readily able to go to sleep, from both
the adolescents’ and parents’ perspectives, and were sleepier
during the daytime. This difference in sleepiness was espe-
cially pronounced in adolescents who were of intermediate or
evening chronotype.

Nearly half of the parents from Taiwan felt that their teens’
sleep was adequate, despite reporting their teens were obtaining
fewer than 7 hours of sleep per night; conversely, only a quarter
of the parents from the United States felt that their teens’ sleep
was adequate, despite reporting their teens averaged around
8 hours per night. This suggests a difference in expectations
for normal sleep durations in teens between parents in the
Taiwanese and U.S. cohorts. Such a difference was observed pre-
viously in Asian-Australian and Caucasian-Australian parents
of younger children, where the former group indicated that chil-
dren needed less sleep than the latter group [37]. The current
study was not designed to specifically answer the question of
cultural expectations of sleep in teens, but future studies should
address whether such differences exist and whether changes in
parental expectations could help drive changes in sleep in teens
in Taiwan.

Despite their earlier bedtimes, U.S. adolescents self-reported
greater eveningness than the Taiwanese adolescents in this
study. This result is different than that of our previous study [22]
in which the rates of eveningness were greater than those typ-
ically reported for U.S. teens [38]. A possible reason for this dif-
ference is that the participants from Taiwan in this study were
from high ranking schools (at least 90th percentile ranking on
the High School Entrance Exam), while in the previous study,
the participants included all levels of academic achievement.
Morning-type students, who have been shown to have better
learning outcomes in Taiwan [39], may be enriched at the high
ranking schools due to the use of entrance exams. Future re-
search could examine whether helping Taiwanese adolescents
adjust or regulate their circadian rhythms to adapt to an earlier
hour, through either educational interventions or with the as-
sistance of technology such as smart lighting systems, would
improve educational outcomes.

U.S. adolescents also reported greater evening sleepiness.
Despite this increase in evening sleepiness, they also had an

increased difficulty initiating sleep, perhaps secondary to ei-
ther attempting to go to sleep at an inappropriate circadian
phase or presleep behavior that could be activating (e.g. use of
certain electronic media). The comparatively reduced sleepi-
ness in Taiwanese teens may have been secondary to their
greater use of caffeine before bedtime, which could have
masked their self-reported sleepiness. It is of further interest
to note that the increased use of caffeine before bedtime in
the Taiwanese adolescents was not correlated with increased
difficulties in initiating sleep, a finding that we have previ-
ously observed in U.S. college students [40], and which may
be secondary to their heavy sleep burden. This heavier sleep
burden may have also contributed to the parental report of
the Taiwanese teens having a relatively easier time initiating
sleep, though whether this was culturally influenced was not
explored in this study.

While this study recruited adolescents who were concerned
with their sleep, we incidentally found very high rates of de-
pressive symptomatology, with approximately two-thirds of
both the U.S. and Taiwanese teens reporting elevated symptoms
that are consistent with depression. A later chronotype was as-
sociated with increased depressive symptoms in the Taiwanese
teens, but not in the U.S. teens. Depressive symptoms in both
cohorts were associated with self-reported sleepiness and,
though less so, time allotted for sleep during the week, but not
the weekend. There is a substantial literature that shows an as-
sociation between disrupted or insufficient sleep and depres-
sion [41]. Insufficient sleep is also often found in teens who
exhibit suicidality or those who successfully complete suicide
[42]. Given the high degree of comorbidity, it would be important
to examine depression more directly in teens with concerns
about their sleep, especially as treatment of sleep disorders or
insufficient sleep may be a more palatable therapy than treat-
ment of depression for some teens. The relationship between
increasing sleepiness, decreasing parent-reported sleep dur-
ation, and increasing depressive symptomatology suggests that
sleep may be a modifiable treatment target on the pathway to
addressing the impact of adolescent depression.

The study sample in both Taiwan and the United States
was selected specifically because of their concern about their
sleep. We do not know whether the rates of insufficient sleep
that we observe would be found in teens who do not express
concern for their sleep, though we hypothesize they would be
lower. Similarly, the rates and association we observe between
sleep and depression cannot be extrapolated to a population
level. Another shortcoming of the study is that we did not have
either objective determination of sleep nor did we have direct
self-reported determination of sleep times in the teens. For
our analyses on sleep times, we relied on parent report, which
may be biased or inaccurate depending on a variety of factors.
In one study of Australian parents and their adolescent chil-
dren, Short et al. actually found that parental report tended
to idealize sleep which was actually far more curtailed than
parents reported [43]. If this were the case in our cohorts, then
the degree of sleep loss would be even greater than that which
we observed. Parental perception of their adolescent child’s
sleep patterns may, however, be culturally dependent. It will
be crucial for future studies to examine how a biased estima-
tion of a child’s sleep pattern might influence the opinion and
behavior of the parent.



We do, however, show that in cohorts of teens from both
Taiwan and the United States who are from high achieving
schools and are concerned about their sleep, their concerns
are an accurate reflection of curtailed total sleep time as
well as being associated with elevated depressive symptom-
atology. Starting with the assumption that most of the parents
of the teens who we studied were interested in the academic
outcomes of their children, especially as most were from high
achieving schools, it will be critical for future research to iden-
tify the trade-off between increased time spent on academics
(both in school and after school) and time allocated for sleep.
As insufficient sleep can lead to poor academic performance
in teens [44] through both direct (decreased memory improve-
ments in sleep) and indirect (sleepiness during the daytime
reducing attention and memory acquisition) mechanisms, a
greater understanding of the balance between sleep and aca-
demics may help to inform parents as well as public policy on
the importance of sleep for academics, as well as emotional
and physical well-being.

Funding

This study was supported by the National Institute of Child
Health and Human Development [grant #R21 HCD073095-01,
JMZ]; Lucille Packard Foundation for Children’s Health [grant
#UL1TRO01085, KAK], Stanford Child Health Research Institute
[KAK]; Foundation for Scholarly Exchange (Fulbright Taiwan)
[YTY]; Ministry of Science and Technology, Taiwan, R.O.C. [grant
#106-2918-1-006-002, YTY].

Disclosure Statement

None declared.

References

1. Goldstone A, et al. Sleep disturbance predicts depression
symptoms in early adolescence: initial findings from the
adolescent brain cognitive development study. J Adolesc
Health. 2020;66(5):567-574.

2. Owens JA, et al. Insufficient sleep in adolescents: causes
and consequences. Minerva Pediatr. 2017;69(4):326-336.

3. MedicG, et al. Short- and long-term health consequences of
sleep disruption. Nat Sci Sleep. 2017;9:151.

4. Minges KE, et al. Delayed school start times and adolescent
sleep: a systematic review of the experimental evidence.
Sleep Med Rev. 2016;28:86-95.

5. Lo JC, et al. Sustained benefits of delaying school start
time on adolescent sleep and well-being. Sleep. 2018;41(6).
doi:10.1093/sleep/zsy052

6. Lewin DS, et al. Variable school start times and middle
school student’s sleep health and academic performance.
J Adolesc Health. 2017;61(2):205-211.

7. Carskadon MA. Factors influencing sleep patterns of ado-
lescents. In: Carskadon MA, ed. Adolescent Sleep Patterns:
Biological, Social, and Psychological Influences. New York, NY:
Cambridge University Press; 2002: 4-26.

8. Moore M, et al. The sleepy adolescent: causes and con-
sequences of sleepiness in teens. Paediatr Respir Reuv.
2008;9(2):114-120; quiz 120.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Yangetal. | 7

Shinkoda H, et al. Sleep-wake habits of schoolchildren ac-
cording to grade. Psychiatry Clin Neurosci. 2000;54(3):287-289.
Gau SF, et al. The transition of sleep-wake patterns in
early adolescence. Sleep. 2003;26(4):449-454. doi:10.1093/
sleep/26.4.449

Russo PM, et al. Sleep habits and circadian prefer-
ence in Italian children and adolescents. ] Sleep Res.
2007;16(2):163-169.

Randler C,etal.Young people’s time-of-day preferences affect
their school performance. ] Youth Stud. 2009;12(6):653-667.
Kim S, et al. Children’s time of day preference: age, gender
and ethnic differences. Pers Individ Dif. 2002;33(7):1083-1090.
Dewald JF, et al. The influence of sleep quality, sleep dur-
ation and sleepiness on school performance in children
and adolescents: a meta-analytic review. Sleep Med Rev.
2010;14(3):179-189.

Meijer AM, et al. Parenting matters: a longitudinal
study into parenting and adolescent sleep. ] Sleep Res.
2016;25(5):556-564.

Fuligni AJ, et al. Daily concordance between parent and ado-
lescent sleep habits. ] Adolesc Health. 2015;56(2):244-250.
Gau SS, et al Association between morningness-
eveningness and behavioral/emotional problems among
adolescents. ] Biol Rhythms. 2007;22(3):268-274.

Hidalgo MP, et al. Relationship between depressive mood
and chronotype in healthy subjects. Psychiatry Clin Neurosci.
2009;63(3):283-290.

Gaspar-Barba E, et al. Depressive symptomatology is influ-
enced by chronotypes. ] Affect Disord. 2009;119(1-3):100-106.
Haraden DA, et al. The relationship between depression and
chronotype: a longitudinal assessment during childhood
and adolescence. Depress Anxiety. 2017;34(10):967-976.
Fredriksen K, et al. Sleepless in Chicago: tracking the effects
of adolescent sleep loss during the middle school years.
Child Dev. 2004;75(1):84-95.

Yang YTC, et al. The Refinement and Promotion of a Cloud-
Based Health Promotion and Self-Management Inquiry-Based
Curriculum. Taipei, Taiwan: Ministry of Science and
Technology ROC; 2015. Final Report of Ministry of Science
and Technology (No. MOST 104-2514-S006-001).

Taiwan Ministry of Education. Survey of Students’ Learning
and Living Conditions in Schools Below the High School in Taiwan.
Taipei, Taiwan: Ministry of Education ROC; 2002.

Chen T, et al. Sleep duration in Chinese adolescents: bio-
logical, environmental, and behavioral predictors. Sleep
Med. 2014;15(11):1345-1353.

Carskadon MA, et al. Association between puberty and
delayed phase preference. Sleep. 1993;16(3):258-262.
doi:10.1093/sleep/16.3.258

Tonetti L, et al. Association between circadian preference
and academic achievement: a systematic review and meta-
analysis. Chronobiol Int. 2015;32(6):792-801.

Collado Mateo MJ, et al. Morningness-eveningness and
sleep habits among adolescents: age and gender differ-
ences. Psicothema. 2012;24(3):410-415.

Weissman MM, et al. Children’s symptom and social func-
tioning self-report scales: comparison of mothers’ and
children’s reports. ] Nerv Ment Dis. 1980;168(12):736-740.

Li HC, et al. Center for epidemiologic studies depression
scale for children: psychometric testing of the Chinese ver-
sion. ] Adv Nurs. 2010;66(11):2582-2591.

Streiner DL. Starting at the beginning: an introduction to
coefficient alpha and internal consistency. J Pers Assess.
2003;80(1):99-103.


https://doi.org/10.1093/sleep/zsy052
https://doi.org/10.1093/sleep/26.4.449
https://doi.org/10.1093/sleep/26.4.449
https://doi.org/10.1093/sleep/16.3.258

31

32.

33.

34,

35.

36.

37.

38.

39.

8

| SLEEPO, 2020, Vol. 1, No. 1

LeBourgeois MK, et al. The relationship between reported
sleep quality and sleep hygiene in Italian and American
adolescents. Pediatrics. 2005;115(1 Suppl.):257-265.
Spilsbury JC, et al. The Cleveland Adolescent Sleepiness
Questionnaire: a new measure to assess excessive daytime
sleepiness in adolescents. J Clin Sleep Med. 2007;3(6):603-612.
Oka Y, et al. Development of a new sleep screening ques-
tionnaire: Child and Adolescent Sleep Checklist (CASC). Jap
] Sleep Med. 2009;3:404-408.

Cohen J. Power Analysis for the Behavioral Sciences. Hillsdale,
MI: L Erlbaum; 1988.

Cohen J. Statistical Power Analysis for the Behavioral Sciences.
New York: Taylor and Francis; 2013.

Hirshkowitz M, et al. National Sleep Foundation’s sleep time
duration recommendations: methodology and results sum-
mary. Sleep Health. 2015;1(1):40-43.

Lushington K, et al. Culture, extracurricular activity, sleep
habits, and mental health: a comparison of senior high
school Asian-Australian and Caucasian-Australian adoles-
cents. Int ] Mental Health. 2015;44(1-2):139-157.

Giannotti F, et al. Circadian preference, sleep and daytime
behaviour in adolescence. J Sleep Res. 2002;11(3):191-199.
Yang YTC, et al. Applying wearable technology, online
health promotion courses, and social networks to explore
the impact of chronotype, physical activity, and eating

40.

41.

42.

43.

44.

45.

behaviors on students’ sleep quality, concentration, and
creativity. 2018. Final Report of Ministry of Science and
Technology (No. MOST 105-2628-S-006-001-MY3). http://
ir.lib.ncku.edu.tw/handle/987654321/180057.  Accessed
June 5, 2020.

Nova P, et al. Modeling caffeine concentrations with the
Stanford Caffeine Questionnaire: preliminary evidence for
an interaction of chronotype with the effects of caffeine on
sleep. Sleep Med. 2012;13(4):362-367.

Owens J; Adolescent Sleep Working Group; Committee on
Adolescence. Insufficient sleep in adolescents and young
adults: an update on causes and consequences. Pediatrics.
2014;134(3):921-e932.

Chiu HY, et al. Associations between sleep duration and
suicidality in adolescents: a systematic review and dose-
response meta-analysis. Sleep Med Rev. 2018;42:119-126.
Short MA, et al. Estimating adolescent sleep patterns:
parent reports versus adolescent self-report surveys, sleep
diaries, and actigraphy. Nat Sci Sleep. 2013;5:23-26.

Wolfson AR, et al. Understanding adolescents’ sleep pat-
terns and school performance: a critical appraisal. Sleep
Med Rev. 2003;7(6):491-506.

Lin SC. Classification of socio-economic status. In: Lin SC,
ed. Sociology of Education. 4th ed. Taipei, Taiwan: Chuliu
Publisher; 2005: 48-50.


http://ir.lib.ncku.edu.tw/handle/987654321/180057
http://ir.lib.ncku.edu.tw/handle/987654321/180057

