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Study Objectives: The aim of this study was to examine the correlates
associated with short nocturnal sleep duration and subjective insomnia,
including individual factors, family factors, peer factors, school factors,
and the problematic use of high-tech devices among a large-scale rep-
resentative population of Taiwanese adolescents.

Design: Cross-sectional study.

Setting: A total of 23 junior high and 29 senior high/vocational schools
were randomly selected across southern Taiwan.

Participants: Eight thousand four adolescent students.

Interventions: N/A.

Measurements and Results: The multidimensional correlates associ-
ated with short nocturnal sleep duration and subjective insomnia were
examined using x? automatic interaction detection analysis and logistic
regression analysis models. The results indicated that an older age,
self-reported depression, being in the third year of school, drinking
coffee at night, and problematic Internet use were significantly associ-

ated with short nocturnal sleep duration in adolescents. Furthermore,
self-reported depression, low school affinity, high family conflict, low
connectedness to their peer group, and problematic Internet use were
associated with subjective insomnia in adolescents.

Conclusions: The results of this study indicate that a variety of in-
dividual, family, peer, and school factors were associated with short
nocturnal sleep duration and subjective insomnia in adolescents. Fur-
thermore, the correlates of short sleep duration were not identical to
those of subjective insomnia. Parents and health professionals should
be wary of sleep patterns among adolescents who have the identified
correlates of short nocturnal sleep duration and subjective insomnia.
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RESEARCH HAS FOUND THAT ADOLESCENTS FRE-
QUENTLY OBTAIN INSUFFICIENT SLEEP.! SHORT
SLEEP DURATION AND INSOMNIA HAVE BEEN FOUND
to impair youths’ daytime memory, to reduce cognitive and be-
havioral functioning,? to be associated with poor health status,?
and to increase the risk of motor vehicle accident,* suicide,’
substance use,® and behavior problems.” Despite the inher-
ent importance of sleep, there is limited information avail-
able on the epidemiology of sleep behavior and sleep distur-
bance among youths.® Adolescent development is the result of
multisystem interactions,” and, therefore, investigation of the
multidimensional correlates associated with short sleep dura-
tion and insomnia among adolescents is a fundamental step to-
ward identifying risk groups, which will allow prevention and
intervention.

Among the individual correlates of sleep in adolescents,
increased age has been found to be associated with decreased
total sleep duration'®"" and increased sleep complaints.!> Low
socioeconomic status (SES) has also found to be associated
with short sleep duration and insomnia in children.''*"* How-
ever, the association of other individual factors with short sleep
duration and insomnia needs further study. For example, the
results of studies on sex differences in sleep duration®''>1¢ and
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sleep quality'®'® among adolescents are still inconclusive. Up to
the present, very limited studies on the influence of residential
background on adolescent sleep exist.?

Depressed mood,' employment,'" and drinking coffee'® have
been found to be associated with short sleep duration or prefer-
ring an evening type of sleep in adolescents. Meanwhile, several
studies on children have found that short sleep duration increas-
es the risk for being overweight or obese.”” However, compared
with studies on children, fewer studies have examined the as-
sociation between sleep and weight status in adolescents, and
the findings are inconsistent.>?"** Further studies are needed to
examine whether increased body weight is a consistent indica-
tor of short sleep duration and insomnia in adolescents.

Of the constellation of forces that influence adolescent
health, the most fundamental are the social context in which
adolescents are embedded;? specifically the family, peer and
school contexts are among the most critical. Most adolescents
live in a family environment. Recent studies indicate that later
bedtimes among teenagers may result from decreased parental
enforcement,*'* which indicate that failing to set limits on an ad-
olescent’s bedtime may put them at risk of sleep phase delay and
its consequences.' Family adversity, such as high family con-
flict and family member substance use, have been suggested as
potential causes related to the development of psychopathology
amongst adolescents.”* However, their associations with short
sleep duration and insomnia in adolescents have not been
systemically examined.

Peers also serve as important and influential figures for ado-
lescents.”® Engagement in social activities with their peer group
has been hypothesized to partially account for the association
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between increased age and short sleep duration.' It seems rea-
sonable to hypothesize that adolescents who have high connect-
edness to peers and spend more time with peers may be more
likely to report short sleep duration. However, to our knowl-
edge, no empirical study has examined this hypothesis.

School is another important environment for adolescents.
Previous studies have revealed that adolescents in higher grade
levels are more likely than those in lower grade levels to be
classified as the “evening type” with respect to sleep-wake
patterns.'*? In Taiwan, compulsory fundamental education
currently comprises 6 years of elementary school and 3 years
of junior-high education. Upon completion of these 9 years,
nearly all students take a national entrance examination for a
senior high or vocational school. Then they take another na-
tional entrance examination for university after completion of 3
years of study in senior high school.?” Thus, students in both the
third year of junior high and the third year of senior high school
are involved in a highly stressful period of study. Whether ado-
lescents in the third year of junior or senior high school have
shorter sleep duration and more severe insomnia than those in
other grades needs further study. At the same time, short sleep
duration and insomnia are known to have a bidirectional re-
lationships with low school achievement and high rates of
absenteeism.!'®?® However, it has not been ascertained whether
the relationship remains significant when a variety of individual
and psychosocial contexts are examined together.

Computer use and cellular phone use are 2 of the most
popular high-tech devices used by adolescents.” The Internet
provides opportunities for the user to chat with others, to par-
ticipate in Internet activities, to compete with others in online
gaming, and to search for the information that people want and,
compared with general computer use, has very few limitations.
These characteristics of the Internet make Internet use one of
the central themes of computer use among adolescents. Prob-
lematic Internet use is a maladaptive pattern of Internet use that
can result in a negative impact on Internet users, which includes
problems related to daily routine, school performance, and fam-
ily relationships.*® A previous study in Taiwan has found that
19.8% of adolescents have problematic Internet use.’® It has
been hypothesized that increased computer and cell phone use
may be associated with short sleep duration and sleep distur-
bance.>! However, although some studies have found excessive
computer use to be associated with shortened sleep duration''!
and sleep disturbance in adolescents,*? other studies have not
found such an association® or found that the association exists
only in males.** Very few studies have examined the associa-
tion between intensive computer use and sleep problems in
adolescents.”” Previous studies have measured the duration or
frequency of computer use, which may not represent the real
severity of the negative influences of problematic computer use
on adolescents’ lives.

The aim of this study was to examine the multidimensional
correlates related to short nocturnal sleep duration and subjec-
tive insomnia in a large-scale representative population of Tai-
wanese adolescents. The correlations of the individual (socio-
demographic characteristics, self-reported depression, part-time
job, drinking coffee, and body weight), family (family conflict,
family monitoring, and substance use of family members), peer
(connectedness to peer group and time spent with friends),
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school factors (grade, school affinity, and academic achieve-
ment) and problematic use of high-tech devices (problematic
Internet and cell phone use) with short nocturnal sleep duration
and subjective insomnia were examined.

METHODS

The current investigation was based on data from the Project
for the Health of Adolescents in Southern Taiwan, which was
composed of data collected from 3 metropolitan cities and 4
counties. In 2004, there were 257,873 adolescent students in
209 junior high schools and 202,456 adolescent students in 140
senior high/vocational schools in this area. Based on the defini-
tions of urban and rural districts in the Taiwan Demographic
Fact Book* together with school and grade characteristics, a
stratified random sampling strategy was used with the final goal
of ensuring that there was proportional representation of dis-
tricts, schools, and grades. Twelve junior high and 19 senior
high/vocational schools were randomly selected from urban
districts; likewise, 11 junior high and 10 senior high/vocational
schools were randomly selected from rural districts. The class-
es of these schools were further stratified into 3 levels based
on grades in both the junior high and senior high/vocational
schools. Then, 207 classes that contained a total of 12,210 ado-
lescent students were randomly selected based on the ratio of
students in each grade.

Research assistants explained the purpose and procedure of
this study to the students in class, emphasizing respect for their
privacy, and encouraged them to participate. Written informed
consents were obtained from the adolescents before the study
started, and the participants were then invited to complete the
research questionnaires anonymously in the classrooms. The
protocol was approved by the Institutional Review Board of Ka-
ohsiung Medical University. We also recruited 76 adolescents
(40 junior high school students and 36 senior high school stu-
dents) and their parents into a pilot study to examine the 2-week
test-retest reliability of all research instruments (except for the
questionnaire on problematic Internet use) and the validity of
sleep duration and problematic cell phone use assessments.

Assessment

Sleep Duration and Insomnia

In this study, we collected self-reported data on sleep dura-
tion at night and the severity of insomnia problems. The partici-
pants were asked: “How many hours of sleep on average have
you usually obtained every night over the last month?”” which
would represent their habitual nocturnal sleep duration. The
2-week test-retest reliability (Pearson correlation ») was 0.72,
and correlation between the self-report and the parents’ report
for the duration of nocturnal sleep (Pearson correlations r) was
0.69 (P <0.001). Considering 1 standard deviation (SD) below
the mean of sleep duration in all participants, we defined total
nocturnal sleep duration below the 15" percentile of all partici-
pants in this study as short nocturnal sleep duration. We also
used the 8-item Athens Insomnia Scale (AIS-8) to assess the
severity of subjective insomnia over the last month.** The first 5
items of the AIS-8 assess difficulty with sleep induction, awak-
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ening during the night, early morning awakening, total sleep
time, and overall quality of sleep. The last 3 items assessed the
next-day consequences of any insomnia, including problems
with sense of well-being, functioning, and sleepiness during the
day. The items of the AIS-8 correspond with the taxonomies for
the diagnosis of insomnia according to International Classifica-
tion of Diseases-10.*¢ Each item of the AIS-8 can be rated from
0 to 3, and higher total scores indicate more severe insomnia.
The Cronbach a in the present study was 0.67, and the 2-week
test-retest reliability was 0.72 (P < 0.001). There is a lack of a
cutoff point for diagnosing adolescent insomnia, and, therefore,
we defined adolescents whose total AIS-8 score was above the
85™ percentile of the population in this study as those with sub-
jective insomnia.

Depression

We used the 20-item Mandarin-Chinese version®’ of the Cen-
ter for Epidemiological Studies’ Depression Scale (CES-D)* to
assess the frequency of depressive symptoms in the preceding
week. The Cronbach a for the CES-D in the present study was
0.93, and the 2-week test-retest reliability was 0.78. Based on
the result of a previous study using the CES-D in a 2-phase
survey for depressive disorders among nonreferred adolescents
in Taiwan,* we defined those participants whose total CES-D
score was higher than 28 as having self-reported depression.
One item in the CES-D inquired about the participants’ sleep
disturbance; we excluded this item and summed the scores
of the other 19 items for analysis. Using the method of linear
equating,*® we established a cutoff of 27.11 for the 19-item
CES-D on self-reported depression linked to the original cutoff
of 28 on the 20-item CES-D. The consistency between the cut-
offs on the 19-item and 20-item CES-D was high (k = 0.961).

Adolescent Family and Social Life Questionnaire

We adapted subscales of the Adolescent Family and Social
Life Questionnaire (AFSLQ) to assess the levels of family con-
flict (3 items), family monitoring (4 items), and subjective per-
ception with respect to the peer group (4 items).*' For example,
the family conflict subscale contains 3 items, namely “I con-
flict with my family members frequently,” “My family mem-
bers conflict with each other frequently,” and “It is distressing
to be home.” Participants scored the items on a 4-point Likert
scale, with a higher score indicating more agreement with the
statements. The Cronbach o ranged from 0.68 to 0.74, and the
2-week test-retest reliability ranged from 0.64 to 0.71. Higher
scores on these 3 items of the AFSLQ indicate greater family
conflict, low family monitoring, and low connectedness to the
peer group. The AFSLQ also assessed habitual alcohol con-
sumption (alcohol consumption 3 or more times per week) and
illicit drug use among parents and siblings, as well as the total
hours that the adolescents spent keeping company with friends
after school during a week.

Characteristics of School Life

Participants’ level of connectedness to school was assessed
by 4 questions, namely “I do not enjoy my school life,” “I do not
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get along well with my teachers,” “I do not get along well with
my schoolmates,” and “I skip my classes as much as possible.”
Participants scored the items on a 4-point Likert scale, with a
higher score indicating more agreement with the statements.
The Cronbach a was 0.62, and the 2-week test-retest reliability
was 0.69. A high total score indicates low school affinity. The
participants’ grade (in the first and second years compared with
in the third year of the junior or senior high school) and aca-
demic achievement (the first two-thirds vs last one-third ranked
against their classmates according to the academic performance
of the recent semester) were also collected.

High-Tech Device Use

In this study, we collected data on problematic Internet and
cell phone use. We used the Chen Internet Addiction Scale
(CIAS) to assess the level of problematic Internet use.** The
CIAS contains 26 items on a 4-point Likert scale that assesses
Internet-related problems, including symptoms of compulsive
use, withdrawal, tolerance, problems in interpersonal relation-
ships, and problems in health and time management.** The
internal reliability of the scale and the subscales ranges from
0.79 to 0.93.*> We developed a diagnostic criterion for Internet
addiction that was defined as a subject having 6 or more symp-
toms of the 9 criteria, including preoccupation, uncontrolled
impulse, usage more than intended, tolerance, withdrawal,
impairment of control, excessive time and effort spent on the
Internet, impairment of decision-making ability, and impaired
function.*® According to the diagnostic criteria of Internet ad-
diction, we found the 63/64 cutoft point of the CIAS to have the
highest diagnostic accuracy, sensitivity, and specificity.*® Fur-
thermore, we developed a self-administered 12-item Problem-
atic Cellular Phone Use Questionnaire (PCPU-Q) based on the
same structure as the substance use dependence subscale found
in the DSM-IV-TR* to determine the occurrence of symptoms
of problematic cell phone use. The first 7 questions inquired
of participants whether they had the symptoms of problematic
cell phone use in the preceding year including increasing the
frequency and duration of cell phone use to achieve satisfac-
tion; feeling uncomfortable if no cellular phone can be used;
using the cellular phone for a period of time longer or more
frequently than intended; persistent desire and/or unsuccess-
ful attempts to cut down or reduce cell phone use; excessive
time or effort spent on using or gaining a cellular phone; giv-
ing up or reducing important social, academic or recreation-
al activities because of cell phone use; and continuing heavy
cell phone use despite knowledge of physical or psychologi-
cal problems caused by cell phone use. The last 5 questions
ascertained participants’ subjective functional impairment in
the preceding year caused by cell phone use, including com-
promised academic performance, relationships with classmates
and friends, relationships with parents and siblings, physical or
psychological health, and having legal problems. An answer of
“yes” to the question indicated that participants reported that
they had that symptom of problematic cell phone use or a func-
tional impairment caused by cell phone use. The Cronbach a
for the 7 symptoms was 0.85, the 2-week test-retest reliability
(x) ranged from 0.41 to 0.78 (P < 0.001), and the « between
participants’ self-reports and their parents’ reports ranged from
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0.26 (P < 0.05) to 0.44 (P <0.001). The Cohen « value of 3/4
cutoff point was 0.463, which was higher than that of cutoff 2/3
(0.446) and 4/5 (0.456). It indicated that 3/4 cutoff point had
the highest potential to differentiate adolescents with functional
impairment caused by problematic cell phone use from those
not so affected.

Individual Characteristics

Participants’ sex, age (< 15 years old vs > 15 years old), resi-
dential background (urban vs rural), and SES were collected.
In this study, we used parental education level to represent
adolescents’ high SES (parental education level > 9 years of
compulsory fundamental education) and low SES (parental ed-
ucation level <9 years of compulsory fundamental education).
Participants’ body mass index (weight in kilograms/height in
meters squared) was calculated from their self-reported weight
and height measurements. We also inquired as to whether the
participants had a part-time job and whether they drank coffee
to reinvigorate themselves at night.

Procedure and Statistical Analysis

The adolescents were asked to anonymously complete the
questionnaire after the explanation by the research assistants
and under their direction. All students received a gift that was
worth 33 NT dollars (1 US dollar) at the end of the assessment.
Two different statistical methods were used to analyze the dis-
criminating factors of short nocturnal sleep duration and subjec-
tive insomnia in adolescents. First, CHAID analysis using the
Answer Tree 3.1 software* was used to detect mutually exclu-
sive subgroups of the sample that differed markedly in regard
to short nocturnal sleep duration and subjective insomnia. The
analysis selected the best predictors of the outcome and divided
the sample into subgroups based on that variable while merg-
ing nonsignificant categories. This process was repeated within
each subgroup until no further predictors could significantly
contribute to the analysis. Compared with logistic regression
analysis, CHAID analysis directly considers the interaction
between variables. The continuous variables were transformed
into dichotomous variables by their median scores. Since this is
an exploratory procedure, we investigated the replicability of
the resulting subgroup categories by conducting the analysis on
half of the sample (calibration sample) and then examining the
reproducibility using the remaining half of the sample (cross-
validation sample).*® Second, we used fully entered logistic re-
gression analysis models to confirm the significant correlates
identified by the CHAID analysis, the effects of interactions
between the significant correlates, and possible discriminating
factors that were not identified in the CHAID analysis in the
cross-validation sample.*® A 2-tailed P value of less than 0.05
was considered statistically significant. In addition, we used the
odds ratio (OR) to estimate the effect of size on the logistic
regression analysis. According to Chinn,*” we defined OR val-
ues higher than 1.5, 2.5, and 4 or lower than 0.667, 0.4, and
0.25 as having small, medium, and large effects, respectively.
An OR that was between 0.667 and 1.5 was not considered to
be significant.
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Table 1—Adolescent Self-Reported Sleep Pattern, Individual
Factors, Family Factors, Peer Factors, School Factors, and Levels
of High-Tech Device Use
No. (%) Mean (SD)
Sleep characteristics
Short sleep duration (sleep
duration < 6 hours) 1047 (13.1)
Subjective insomnia
(AIS-8 score>10) 943 (11.8)
Individual characteristics
Male 3829 (47.8)
Age > 15 years 4132 (51.6)
Living in a rural area 3230 (40.4)
Paternal education <9 years 2634 (32.9)
Maternal education <9 years 3136 (39.2)
Self-reported depression
(CES-D score > 27.11) 979 (12.2)
Having a part-time job 1544 (19.3)
Drinking coffee 1288 (16.1)
BMI 20.8 (3.9)
Family characteristics
High family conflict 1.9 (0.5)
Low family monitoring 1.7 (0.6)
Substance use by
family members 2018 (25.2)
Peer characteristics
Low connectedness to peer group 1.8 (0.5)
Time spent with friends (hours) 10.9 (18.2)
School characteristics
Low school affinity 1.8 (0.4)
In the third year of junior
or senior high school 1981 (24.8)
Low academic achievement 1865 (23.3)
High-tech device use
Problematic Internet use
(CIAS score > 64) 889 (11.1)
Problematic cellular phone use
(symptoms of cellular phone
use on the PCPUQ > 4) 989 (12.4)
Abbreviations: AIS-8 refers to the Athens Insomnia Scale;
CES-D, the Center for Epidemiological Studies-Depression Scale;
CIAS, the Chen Internet Addiction Scale; PCPUQ, the Problem-
atic Cellular Phone Use Questionnaire.

RESULTS

A total of 11,111 (91.0%) adolescents returned their written
informed consents. Of them, 8004 (72.0%) participants com-
pleted all research questionnaires without omission. Those who
had missing data in the questionnaires were more likely to be
male (¥*= 54.039, P < 0.001) and from junior high schools ()*
= 95.487, P < 0.001). The characteristics of sleep, individual,
family, peer and school life, depression, and high-tech device
use of the 8004 participants who completed all the research
questionnaires are shown in Table 1. The mean age was 14.7
years (SD: 1.7 years, range: 12 to 18 years). Their mean noc-
turnal sleep duration at night was 6.8 hours (SD: 1.3 hours),
and the 15" percentile of nocturnal sleep duration was 6 hours.
According to the definitions described above, 1047 participants
(13.1%) were classified as short nocturnal sleepers. Meanwhile,
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Sleep duration < 6 hours

CA: n= 511 (12.65%)
CR: n= 536 (13.52%)

T
Age
CA: x’=98.837, df = 1, P<0.0001

CR: X*=111.374, dfI =1,P<0.0001

Age<15

|
CA: n =142 (7.27%)
CR: n =146 (7.60%)

I
Self-reported depression
CA: x*=22.123, df = 1, P<0.0001
CR: x*=36.856, Idf= 1, P<0.0001

[ |
No Yes

| |
CA:n =110 (6.31%) CA: n = 32 (15.24%)
CR: n = 111 (6.40%) CR: n = 35 (18.82%)

T
Being in the third year of school
CA: x*=4.792, df = 1, P<0.05
CR: x’=8.517, df = 1, P<0.01

No Yes
| |

Age 215
|

CA: n = 369 (17.68%)
CR: n = 390 (19.07%)

I
Self-reported depression
CA: x*=35.393, df = 1, P<0.0001
CR: x’=53.561, Idf =1, P<0.0001

[ |
No Yes

CA: n = 286 (15.76%) CA: n = 83 (30.51%)
CR: n = 284 (16.38%) CR: n = 106 (34.08%)

T
Drinking coffee at night
CA: x*=24.950, df = 1, P<0.0001
CR: x’=17 051 df =1 P<0 0001

No Yes
| |

CA: n=17 (11.64%) CA: n=15 (23.44%)
CR: n=16 (12.90%) CR: n=19 (30.65%)

CA: n=207(13.80%) CA: n=79 (25.08%)
CR: n=213(14.69%)  |CR: n=71 (25.00%)

Problematic Internet use
CA: x*=9.697, df = 1, P<0.01
CR: x’=12.586, df = 1, P<0.001

l—l—l

No Yes
| |
CA: n=177(12.94%)| CA: n=30 (22.73%)|
ICR: n=182(13.69%)| CR: n=31 (25.62%)

Figure 1—Discriminating factors of sleep duration CA: calibration sample; CR: cross-validation sample

the mean total score of the AIS-8 was 6.9 (SD: 3.2), and the 85*
percentile of the AIS-8 scores was 10. A total of 943 partici-
pants (11.8%) were classified as having subjective insomnia.
For the purpose of conducting the stepwise CHAID analy-
sis, 4039 participants were randomly selected as the calibration
sample and 3965 participants as the cross-validation sample.
The results of the stepwise CHAID analysis for the correlates
of short nocturnal sleep duration in the calibration and cross-
validation samples are shown in Figure 1. In the calibration
sample, the first and the most significant variable selected was
age. Altogether, 17.68% of the older adolescents (> 15 years
old) had short nocturnal sleep duration, whereas only 7.27%
of the younger adolescents (< 15 years old) had short noc-
turnal sleep duration (> (df = 1) = 98.837, P < 0.0001). For
both the older and younger adolescents, the severity of self-
reported depression was another discriminating factor: 30.51%
of older adolescents who had self-reported depression (total
CES-D score > 27.11) had short nocturnal sleep duration ver-
sus 15.76% of older adolescents who had no self-reported de-
pression (total CES-D score < 27.11) (¥*(df = 1) =35.393, P <
0.0001); 15.24% of younger adolescents who had self-reported
depression had short nocturnal sleep duration versus 6.31% of
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younger adolescents who had no self-reported depression (y?
(df = 1) = 22.123, P < 0.0001). Drinking coffee at night was
another discriminating factor in the older adolescents without
self-reported depression. Among the older nondepressed ado-
lescents, 25.08% of those who drank coffee at night had short
nocturnal sleep duration versus 13.80% of those who did not
drink coffee at night (y*(df = 1) = 24.950, P < 0.0001). Among
the older nondepressed adolescents who did not drink coffee
at night, problematic Internet use had a further discriminating
effect: 22.73% of those who had problematic Internet use had
short nocturnal sleep duration versus 12.94% of those who had
no problematic Internet use (y*(df = 1) =9.697, P < 0.01). On
the other hand, among the younger depressed adolescents, be-
ing in the third year of school had a further discriminating ef-
fect: 23.44% of those who were in the third year of school had
short nocturnal sleep duration versus 11.64% of those who were
not in the third year (¥*(df = 1) =4.792, P <0.05). Results in the
cross-validation sample are also shown in Figure 1. This indi-
cated that the results of the CHAID analysis were replicable.
The results of the stepwise CHAID analysis for correlates of
subjective insomnia in the calibration and the cross-validation
samples are shown in Figure 2. In the calibration sample, the
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Table 2—The Correlates of Short Sleep Duration in the Cross-Validation Sample Examined by the Logistic Regression (N = 3965)
Variables SE Wald OR 95% CI of OR
Lower Upper
Older age 1.054 0.162 42.153¢ 2.871 2,088  3.946
Self-reported depression 1.104 0.267 17.100* 3.016 1.787 5.089
Being in the third year of school 0.610 0.204 8.942° 1.840 1.234 2.743
Drinking coffee 0.541 0.251 4.632¢ 1.718 1.050 2.813
Problematic Internet use 0.851 0.276 9.488° 2.342 1.363 4.025
Older age x Self-reported depression -0.220 0.264 0.693 0.802 0.478 1.347
Older age x Being in the third year of school -0.151 0.229 0.435 0.860 0.549 1.346
Older age x Drinking coffee 0.077 0.257 0.088 1.080 0.652 1.788
Older age x Problematic Internet use -0.213 0.284 0.562 0.808 0.463 1.411
Self-reported depression x Being in the third year of school -0.193 0.271 0.507 0.825 0.485 1.402
Self-reported depression x Drinking coffee 0.127 0.272 0.217 1.135 0.666 1.936
Self-reported depression x Problematic Internet use -0.761 0.293 6.737° 0.467 0.263 0.830
Being in the third year of school x Drinking coffee -0.013 0.253 0.003 0.987 0.601 1.620
Being in the third year of school x Problematic Internet use -0.153 0.299 0.263 0.858 0.477 1.541
Drink coffee x Problematic Internet use -0.245 0.326 0.567 0.783 0.413 1.482
Male -0.139 0.105 1.759 0.870 0.708 1.069
Living in a rural area -0.153 0.103 2.210 0.859 0.702 1.050
Low paternal education -0.277 0.122 5.167¢ 0.758 0.598 0.963
Low maternal education -0.125 0.115 1.192 0.882 0.705 1.105
Having a part-time job 0.230 0.117 3.885¢ 1.259 1.001 1.583
BMI 0.002 0.013 0.018 1.002 0.976 1.028
High family conflict 0.265 0.100 7.035° 1.303 1.072 1.584
Low family monitoring 0.051 0.093 0.299 1.052 0.876 1.264
Substance use by family members -0.037 0.114 0.103 0.964 0.771 1.206
Low connectedness to peer group -0.113 0.105 1.162 0.893 0.727 1.097
Time spent with friends -0.004 0.003 1.862 0.996 0.991 1.002
Low connectedness to school 0.240 0.138 3.027 1.271 0.970 1.666
Low academic achievement 0.041 0.115 0.128 1.042 0.832 1.306
Problematic cellular phone use 0.258 0.137 3.557 1.295 0.990 1.694
ip:<0.001; °p: <0.01; p: <0.05
OR refers to odds ratio; CI, confidence interval; BMI, body mass index.

first and the most significant variable selected was the severity
of self-reported depression. Altogether, 43.15% of the adoles-
cents with self-reported depression had subjective insomnia,
whereas only 8.10% of the adolescents without self-reported
depression had subjective insomnia (y* (df = 1) = 484.280, P <
0.0001). The level of connectedness to school was another dis-
criminating factor. Among the depressed adolescents, 48.96%
of those who had low connectedness to school (median > 1.8)
had subjective insomnia versus 34.54% of those who had high
connectedness to school (median < 1.8) (y*(df=1)=9.829, P<
0.005). Among the non-depressed adolescents, 14.05% of those
who had low connectedness to school had subjective insomnia
versus 5.21% of those who had high connectedness to school
(x*(df=1)=82.035, P <0.0001). For the nondepressed adoles-
cents who had high connectedness to school, the level of family
conflict was a further discriminating factor: 7.19% of those who
had high family conflict (median > 2.5) had subjective insom-
nia versus 3.46% of those who had low family conflict (median
<2.5) (y*(df = 1) =16.821, P < 0.0001). Results in the cross-
validation sample are also shown in Figure 2. This indicated
that the results of the CHAID analysis were replicable.

The results of the logistic regression analysis model on the
correlates of short nocturnal sleep duration are shown in Table
2. Adolescents who were older, had self-reported depression,
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were in the third year of school, drank coffee at night, and had
problematic Internet use were more likely to have short noctur-
nal sleep duration, which confirmed the findings of the CHAID
analysis. We also found that the interaction between self-report-
ed depression and problematic Internet use was negatively as-
sociated with short nocturnal sleep duration. Further analysis
found that problematic Internet use increased the risk of short
nocturnal sleep duration only in the nondepressed adolescents
but not in the depressed ones. Although the Wald y? values indi-
cated that low paternal education and high family conflict were
associated with short nocturnal sleep duration, the OR indicated
that the size of their effect on short nocturnal sleep duration was
too small to be practically significant.

The results of the logistic regression analysis model on the
correlates of subjective insomnia are shown in Table 3. The
adolescents who had self-reported depression, low connected-
ness to school, and high family conflict were more likely to
have subjective insomnia, which confirmed the findings of the
CHALID analysis. The results of the logistic regression analysis
model further found that low connectedness to peer group (OR
= 1.558) and problematic Internet use (OR = 1.656) had a small
effect on subjective insomnia. Although the Wald x* values in-
dicated that the adolescents who were female, were older, had
a part-time job, and had family members with substance use
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Figure 2—The discriminating factors of subjective insomnia CA: calibration sample; CR: cross-validation sample

were more likely to have subjective insomnia, the OR indicated
that the size of the effect on subjective insomnia was too small
to be significant.

DISCUSSION

This study examined the individual, family, peer, and school
correlates of short nocturnal sleep duration and subjective in-
somnia among a large-scale and representative population of
Taiwanese adolescents. We found that older age, self-reported
depression, being in the third year of school, drinking coffee at
night, and problematic Internet use were significantly associat-
ed with short nocturnal sleep duration in adolescents. In paral-
lel, self-reported depression, low connectedness to school, high
family conflict, low connectedness to peer group, and problem-
atic Internet use were associated with subjective insomnia in
adolescents. The OR of these correlated factors indicated that
they had effects ranging from small to large on short nocturnal
sleep duration or subjective insomnia. The first interesting find-
ing of the present study was that the factors associated with
short nocturnal sleep duration were not completely the same
as those associated with subjective insomnia. The results indi-
cated that while older age, being in the third year of school, and
drinking coffee might shorten the duration of nocturnal sleep,
they were not powerfully discriminating factors for subjective
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insomnia. On the other hand, several social contexts, including
low connectedness to school, high family conflict, and low con-
nectedness to peer group were associated with the subjective
insomnia but not with the impaired quantity of nocturnal sleep
in adolescents.

In this study, self-reported depression was 1 of the 2 factors
that were associated with both short nocturnal sleep duration
and subjective insomnia in adolescents. Although the changes
of sleep duration and insomnia are the components of depres-
sive symptoms in the DSM-IV-TR,* they can also predict the
development of depression in the future.*® A longitudinal study
on adolescents even found that sleep problems could predict
persistent depressive symptoms over a 4-year follow-up peri-
0d.” From the results of this study, we suggest that interven-
tion to control sleep problems and depression are necessary.
Previous studies have found that cognitive behavior therapy
and short-term medication treatment for insomnia can relieve
depressive symptoms.>® On the other hand, effective treatment
of depression can also be a critical aspect of improving sleep
problems.'

Problematic Internet use was another factor that was asso-
ciated with both short nocturnal sleep duration and subjective
insomnia in adolescents. Our previous study found that adoles-
cents with problematic Internet use had more severe psychopa-
thology than those without problematic Internet use, and this
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Table 3—The Correlates of Subjective Insomnia in the Cross-Validation Sample Examined by the Logistic Regression (N = 3965)
Variables B SE Wald OR 95% CI of OR
Lower Upper
Self-reported depression 2.368 0.744 10.128>  10.681 2484 45929
Low connectedness to school 0.996 0.180 30.567° 2.706 1.901 3.852
High family conflict 0.616 0.142 18.939° 1.852 1.403 2.445
Self-reported depression x Low connectedness to school -0.369 0.299 1.528 0.691 0.385 1.241
Self-reported depression x High family conflict -0.133 0.211 0.398 0.875 0.579 1.324
Low connectedness to school x High family conflict -0.356 0.201 3.125 0.701 0.472 1.039
Male -0.277 0.120 5.308¢ 0.758 0.599 0.960
Older age 0.287 0.120 5.731¢ 1.332 1.053 1.684
Living in a rural area -0.166 0.116 2.062 0.847 0.675 1.062
BMI -0.018 0.015 1.380 0.983 0.954 1.012
Having a part-time job 0.307 0.131 5.531¢ 1.360 1.053 1.757
Drinking coffee 0.201 0.140 2.057 1.223 0.929 1.609
Low paternal education -0.025 0.131 0.035 0.976 0.754 1.262
Low maternal education 0.139 0.127 1.187 1.149 0.895 1.475
Low family monitoring 0.140 0.100 1.938 1.150 0.945 1.399
Substance use of family members 0.265 0.121 4.753¢ 1.303 1.027 1.653
Being in the third year of school -0.054 0.132 0.165 0.948 0.732 1.228
Low academic achievement 0.466 0.113 17.080° 1.593 1.277 1.987
Time spent with friends 0.160 0.124 1.659 1.173 0.920 1.496
Low connectedness to peer group 0.003 0.003 0.826 1.003 0.997 1.008
Problematic cellular phone use 0.287 0.150 3.677 1.332 0.994 1.786
Problematic Internet use 0.529 0.150 12.530° 1.698 1.266 2.276
P <0.001; °P < 0.01; P < 0.05
OR refers to odds ratio; CI, confidence interval; BMI, body mass index.

included depression.’® In this study, problematic Internet use
had an independent role that affected short nocturnal sleep du-
ration and subjective insomnia after adjusting for the effect of
self-reported depression. A number of explanations for the rela-
tionship between problematic computer use and sleep patterns
have been put forward.?! First, problematic computer use leads
directly to a reduction in total sleep time by substituting for it.5
Playing online games and online chatting are the 2 most com-
mon Internet activities for adolescents®'; these are characterized
as being without predefined stopping points and, as such, are
more likely to bring about time displacements.>* Second, it may
be the content of Internet use that provokes sleep problems.
Late playing of online games and online chatting can cause
high arousal and alertness in the brain, thus interfering with
the calming effect that is necessary to bring about sleep,* and
this might delay the onset of sleep.'® Third, intensive computer
use may also contribute to health-related problems, particularly
neck, shoulder, and low back pain, which may have a nega-
tive effect on sleep. The results of this study indicate that, with
regard to adequate sleep quality and quantity, it is necessary
to help adolescents develop control over Internet-use behavior
and prevent the development of problematic Internet use.

In this study, older age was the first factor that discriminat-
ed adolescents with short nocturnal sleep duration from those
with ordinary sleep duration. The result supported the findings
of previous studies that total nocturnal sleep time considerably
decreases during adolescence.>!*!" The association may be ac-
counted for by the multidimensionality of the developmental
changes during adolescence, which include a modification of
sleep/wake regulation and sleep patterns, transition to an earlier
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school start time and a desire to stay up late at night to en-
gage in adult-like social activities, self-determined bed times,
and easy access to a vast range of stimulating and arousing ac-
tivities.! This study also found that adolescents who were in
the third year of junior or senior high school were more likely
to report short nocturnal sleep duration than were those who
were in the first or second year. This finding may be attributable
to the upcoming entrance examination that increased academic
workloads and social demands related to school grade levels;
this may lead to a delayed bedtime and an earlier rising time
among students in higher grades.'” This study found that drink-
ing coffee was associated with short nocturnal sleep duration in
adolescents. A previous study also found that drinking coffee
was associated with preferring an evening type of sleep in ado-
lescents."”” Adolescents may drink coffee to keep up their spirits
during studying or while carrying out entertaining activities.
Given the importance of adequate sleep on healthy adolescent
development, parents and health professionals should be aware
of'adolescents’ sleep patterns and this correlation between short
nocturnal sleep duration and various activities; they may need
to intervene to improve the adolescents’ sleep behavior.

One of the unique contributions of this study was an exami-
nation of the association of psychosocial contexts with sleep
in adolescents. We found that a variety of psychosocial con-
texts, including high family conflict, low connectedness to
school, and low connectedness to their peer group were asso-
ciated with subjective insomnia in adolescents. Although the
causal relationships between subjective insomnia and these
adverse psychosocial experiences could not be determined in
this cross-sectional study, we hypothesized that there might be
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bidirectional relationships between these 2 factor clusters. For
example, although escalating conflict in troubled parent-youth,
teacher-student, and intrapeer group relationships may lead to
poor mental health and sleep disturbance,*®*’ disturbed sleep
patterns may increase the risk of behavior or emotional prob-
lems, such as aggression and delinquent behavior. These lead to
social problems,”*® which may further exacerbate the conflicts
between youth and their families, school teachers, peers, and
classmates. Both insomnia and adverse psychosocial contexts
need intervention to interrupt the vicious circle and improve the
adolescents’ mental health and psychosocial experiences.

Several individual (sex, residential background, SES, having
a part-time job, and body mass index), family (family monitor-
ing and family members’ substance use), peer (time spent with
friends), school characteristics (academic achievement), and
problematic cellular phone use were not significantly associated
with short nocturnal sleep duration or insomnia in adolescents
when a variety of individual and psychosocial contexts were
examined together in this large-scale of adolescent population.
However, these factors might be significantly associated with
short nocturnal sleep duration and subjective insomnia among
some adolescents, and individual differences need to be taken
into account. The associations between nocturnal sleep duration
and subjective insomnia and these factors need to be examined
further in future studies.

Methodologic Considerations

The first strength of this study is that it is one of the few
studies to examine and compare the correlates of sleep quan-
tity and quality at the same time. Second, it is the first one to
examine the association of short nocturnal sleep duration and
subjective insomnia with a variety of individual factors, fam-
ily factors, peer factors, school factors, and high-tech device
use in a large-scale population of adolescents. Third, selection
bias is minimized by sampling the participants in a nonreferred
representative school-based sample. Fourth, we used 2 statisti-
cal methods (CHAID analysis and logistic regression analysis)
to examine the correlates of short nocturnal sleep duration and
subjective insomnia in adolescents.

However, some limitations of this study need to be brought
forward. Firstly, the cross-sectional research design of this study
limited our ability to draw conclusions regarding the causal re-
lationships between sleep patterns and correlates. Secondly, the
data were provided by the adolescents themselves, and the au-
thenticity vis-a-vis validity of some data such as the severity
of subjective insomnia cannot be easily quantified. Although a
previous study found that self-reported sleep-duration estimates
are similar to those obtained through wrist actigraphy,®® another
study found that the correlation between time-diary sleep and
self-reported sleep was weak.® The validity of the AIS-8 and the
Problematic Cellular Phone Use Questionnaire when used on
an adolescent population need further study. Thirdly, this study
investigated the duration of nocturnal sleep but did not include
diurnal sleep; at the same time, this study did not separately as-
sess weekday and weekend sleep. Fourthly, this study recruited
adolescent students as the research population; however, ado-
lescents who had dropped out of school and those who were
the students at a night school were not recruited into this study.
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Although, in Taiwan, this proportion of the adolescent popula-
tion is small, they may have different patterns of sleep, and the
correlates may vary compared with the adolescents recruited
in this study. Fifthly, the analytical approach using CHAID is
exploratory, and the models presented are simply descriptive.
Although we used standard processes, including a cross-vali-
dation sample and logistic regression analysis to confirm the
results from the calibration sample,* there might be alterna-
tive models that fit the data in a statistically or theoretically
acceptable manner. Sixthly, those who had missing data were
more likely to be male and from junior high schools. This needs
further study to examine whether the adolescents with missing
data showed different sleep patterns and correlates, compared
with those who completed the questionnaires. The results of this
study support the idea that the association between sleep and a
range of multidimensional factors among adolescents warrants
further investigation, and we suggest that future studies should
incorporate objective measures of sleep, should be longitudi-
nal, and should be designed to address causal direction. Further
studies also need to be carried out on adolescents who have
dropped out of school and who are studying at night school.

Implications

This study found that a variety of individual, family, peer,
and school factors were associated with short sleep duration
and subjective insomnia in adolescents. Given the importance
of adequate sleep quantity and quality on healthy adolescent
development, we suggest that parents and health professionals
should show awareness with regard to sleep duration and quali-
ty among adolescents, and this is especially true for adolescents
who exhibit the correlates of short sleep duration and subjective
insomnia as identified in this study.
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