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Study Objectives: The present study investigated academic 
performance among adolescents with behaviorally induced 
insuffi cient sleep syndrome (BISS) and attempted to identify 
independent predictors of academic performance among 
BISS-related factors.
Methods: A total of 51 students with BISS and 50 without BISS 
were recruited from high schools in South Korea based on self-
reported weekday sleep durations, weekend oversleep, and 
the Epworth Sleepiness Scale (ESS). Participants reported 
their academic performance in the form of class quartile 
ranking. The Korean version of the Composite Scale (KtCS) 
for morningness/eveningness, the Beck Depression Inventory 
(BDI) for depression, and the Barratt Impulsiveness Scale-II 
(BIS-II) for impulsivity were administered.
Results: Adolescents with BISS reported poorer academic 
performance than adolescents without BISS (p = 0.02). 
Adolescents with BISS also exhibited greater levels of 

eveningness (p < 0.001), depressive symptoms (p < 0.001), 
and impulsiveness (p < 0.01). Longer weekend oversleep 
predicted poorer academic performance among adolescents 
with BISS even after controlling for ESS, KtCS, BDI, and BIS-II 
(β = 0.42, p < 0.01). 
Conclusions: BISS among adolescents is associated with poor 
academic performance and that sleep debt, as represented by 
weekend oversleep, predicts poorer academic performance 
independent of depression, impulsiveness, weekday sleep 
duration, daytime sleepiness, and morningness/eveningness 
among adolescents with BISS.
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Sleep plays a crucial role in cognitive and emotional func-
tioning, especially during the period of adolescence when 

the biological sleep-wake cycle changes rapidly. Lifestyle 
changes during adolescence also may be accompanied by pro-
found alterations in the timing and duration of sleep. These 
days, many adolescents do not get enough sleep and may suffer 
adverse effects of insuffi cient sleep.

The academic performance of adolescents is important for 
their psychosocial development and to prepare them for adult-
hood. The learning capacity and academic performance of ado-
lescents may be affected by sleep quality or quantity because 
sleep plays important roles in attention and memory. Several 
studies have reported an association between academic per-
formance and sleep duration in adolescence.1 However, others 
have found no signifi cant association between academic perfor-
mances and sleep duration in adolescents or in medical college 
students.2,3 This discrepancy may be explained by the fact that 
sleep duration cannot exactly represent the unmet sleep need 
for each individual.

Short sleep duration during adolescence may occur for vari-
ous reasons. Adolescents experiencing insomnia4 or depres-
sion5,6 may be unable to get suffi cient sleep despite efforts to 
do. Because there are large individual variations in sleep need, 
a typically short sleeper can sleep less without sleep debt or 
sleepiness than ordinary people. However, the most common 
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cause of short sleep duration in adolescents is self-induced wake 
extension or sleep restriction,7 which can result in behaviorally 
induced insuffi cient sleep syndrome (BISS). BISS is a sleep 
disorder characterized by increased sleepiness and sleep debt 
and decreased sleep time due to chronic partial sleep depriva-
tion. Individuals with BISS fail to obtain the sleep required for 
normal alertness because they curtail sleep voluntarily, albeit 
unintentionally. Although short sleep duration is one of primary 
symptoms of BISS, it cannot precisely indicate the occurrence 
of BISS. Insomnia or individual variations in sleep need can 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Although previous studies have 
reported an association between academic performance and short sleep 
duration in adolescence, the independent association between behavior-
ally induced insuffi cient sleep syndrome (BISS) and academic perfor-
mance among adolescents has not been addressed. The present study 
investigated academic performance among adolescents with BISS and 
attempted to identify independent predictors of academic performance 
among BISS-related factors.
Study Impact: The current study reports that BISS among adolescents 
is associated with poor academic performance, suggesting that harsh 
sleep restrictions to allot extra time for studying could hamper academic 
performance. In addition, the current study suggests that sleep debt, as 
represented by weekend oversleep, is the most important factor associ-
ated with poor academic performance among adolescents with BISS.
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affect sleep duration independent of BISS. Unlike insomnia or 
naturally short-duration sleeping, the ability to induce or main-
tain sleep is preserved in BISS, but excessive daytime sleepi-
ness is common. However, to our knowledge, the association 
between BISS and academic performance among adolescents 
has not been addressed.

Insufficient sleep is associated with emotional problems, 
such as depression and impulsiveness.6,8 Poor academic per-
formance among adolescents has also been associated with 
depression or impulsiveness.9,10 Therefore, the relationship be-
tween insufficient sleep and poor academic performance dur-
ing adolescence may be caused or moderated by depression 
or impulsiveness. It remains unclear whether the relationship 
between insufficient sleep and poor academic performance is 
independent of emotional problems.

Adolescents in South Korea reported shorter sleep duration 
and longer weekend oversleeps than their peers in other coun-
tries.6,11 High school students in Korea attend lectures from ap-
proximately 07:00–08:30 to 16:00–18:30. Nearly all Korean 
high school students also attend private after-school institutions 
that may continue until 21:00–00:00. Under strong sociocul-
tural, familial, and psychological influences emphasizing the 
importance of college entrance examinations, Korean high 
school students further curtail their sleep to increase studying 
time. In a national survey, the average sleep duration of 12th 
grade high school students in Korea was only 5.4 hours. Due 
to this unusual situation, BISS is a common and serious health 
problem among adolescents in South Korea.6

The aims of the current study were to compare metrics of ac-
ademic performance between adolescent with BISS and those 
without BISS. Depression, impulsiveness, and interpersonal 
relationships also were assessed in adolescents with or without 
BISS. Finally, independent predictors of academic performance 
were evaluated in terms of BISS-related factors. The primary 
hypothesis of the current study was that adolescents with BISS 
would exhibit poorer academic performance than adolescents 
without BISS. The secondary hypothesis was that BISS-related 
factors (weekday sleep duration, daytime sleepiness, weekend 
oversleep) would predict poorer academic performance among 
adolescents with BISS.

METHODS

Sampling and Classification of Study Subjects
Study subjects were recruited from among participants of a 

2009–2011 research project, “Sleep, suicide and early psycho-
sis of adolescents,” which included 8,530 students (3,431 males, 
5,099 females, 16.73 ± 1.09 years old, grades 7–11) from 18 
high schools and 5 middle schools in South Korea.6,12,13 After 
reviewing self-reports of the participants, adolescents who 
were suspected to have BISS (n = 691) and adolescents without 
BISS (n = 1,606) were initially sampled from among students 
in 11th or 12th grade. Among these adolescents, 51 adolescents 
with BISS and 53 without BISS were randomly sampled and 
agreed to participate in the current study. After face-to-face in-
terviews, 3 subjects were excluded from the analysis because 
they could not be classified as adolescents with or without 
BISS. In total, 50 adolescents with BISS (10 males, 40 females, 

17.56 ± 0.47 years old) and 51 adolescents without BISS (16 
males, 35 females, 17.66 ± 0.54 years old) participated in the 
current study. There were more female students who completed 
questionnaires in original population. Therefore, more female 
students were recruited by random sampling in the current study, 
although gender differences in psychiatric problem have been 
reported in adolescents.14 There were no significant differences 
in age or sex between participants and excluded subjects. The 
study protocol was approved by the Institutional Review Board 
of Gachon University of Medicine and Science, South Korea.

The presence or absence of BISS was operationally defined 
using previous reports.6,15,16 Adolescents were considered to 
have BISS if they reported (1) sleep duration on weekdays ≤ 7 h 
(2) weekend oversleeps ≥ 3 h, (3) severe daytime sleepiness 
(Epworth Sleepiness Scale [ESS] ≥ 10), and (4) the absence 
of significant insomnia. Adolescents without BISS were those 
who reported (1) sleep duration on weekdays ≥ 5 h, (2) weekend 
oversleep ≤ 2 h, (3) no significant daytime sleepiness (ESS ≤ 7), 
and (4) the absence of significant insomnia.

Sleep Duration and Schedule
Sleep schedules and sleep duration were assessed using a 

self-report questionnaire6,12 that included the following items: 
(1) “On average, how many hours do you sleep on week-
days?” (2) “On average, when do you go to bed on weekdays?” 
(3) “On average, when do you rise from bed on weekdays?” 
(4) “On average, how many hours do you sleep on weekends?” 
(5) “On average, when do you go to bed on weekends?” and 
(6) “On average, when do you rise from bed on weekends?” 
Because sleep duration and time spent in bed can differ, par-
ticipants were asked to exclude from sleep duration the time 
spent awake in bed, but to include the time napping. Week-
end oversleep was determined by subtracting weekday sleep 
duration from weekend sleep duration. Bedtime advancement 
and rising time delay on weekends also were calculated. In 
addition to sleep-wake schedules, the time attending school, 
time upon returning home, and nocturnal working duration 
also were investigated to assess the effects of daily schedule 
on BISS or insufficient sleep.

Daytime Sleepiness
A 7-item modified version of the ESS was used in the current 

study to assess daytime sleepiness. A higher score corresponds 
to more daytime sleepiness. A score ≥ 8 indicates potentially 
pathological daytime sleepiness. Because adolescents < 20 
years of age are not permitted to drive in Korea, the last item ad-
dressing driving was deleted from the original 8-item version.17

Other Sleep-Related Factors
To assess sleep insufficiency owing to the sleep environment, 

sleep-disturbing factors in bed also were investigated. Study 
participants were asked about the presence/absence of noise, 
heat, cold, light, pain, or other physical discomforts in the bed-
room. Subjects with insomnia were identified and excluded 
from the study based on reports during the previous month of 
(1) difficulty initiating sleep, (2) difficulty maintaining sleep, 
and (3) early awakening with difficulty resuming sleep. This 
is in line with diagnostic criteria described in The International 
Classification of Diseases, 10th Revision, which characterizes 
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significant insomnia as the occurrence of at least one of the 3 
types of insomnia (initial, maintenance, and terminal) at a fre-
quency of ≥ 3/week.

Academic Performance
Schools in South Korea are prohibited from releasing stu-

dent records, so academic performance was assessed based 
on self-reporting. Participants were asked their average aca-
demic class rankings in terms of quartiles (< 25%, 25%–50%, 
50%–75%, > 75%).

Circadian Preference
Circadian preferences of study participants were measured 

by the Korean Version of the Composite Scale (KtCS).18 The 
KtCS consists of 13 items to assess morningness (a morning 
preference for activity) or eveningness (an evening or night-
time preference for activity). A higher KtCS indicates morning-
ness, whereas a lower KtCS indicates eveningness.

Perceived Stress
Perceived stress was assessed in terms of academic pressure, 

conflicts with classmates or boy/girl friends, and conflicts with 
family because these are common stressors during adolescence. 
Specifically, perceived stress was determined by responses to 
the following: “How stressed do you feel because of your stud-
ies?” “How stressed do you feel because of your classmates 
or boy/girl friend?” and “How stressed do you feel because of 
your family?” Perceived stress was scored using a 4-point Lik-
ert scale (1: not, 2: mildly, 3: considerably, 4: seriously).

Depression
Depressive symptomatology was assessed for all partici-

pants using the Korean version of the Beck Depression Inven-
tory (BDI).19 The BDI is a 4-point Likert-type scale with 21 
items, most of which describe symptoms related to depressive 
disorder. Higher BDI scores indicate more severe depressive 
symptomatology.

Impulsiveness
Impulsiveness was assessed by the Korean version of the 

Barratt Impulsiveness Scale, II (BIS-II).20 The BIS-II consists 
of 23 items in the following 3 sub-dimensions: attentional im-
pulsiveness (6 items), motor impulsiveness (8 items), and non-
planning impulsiveness (9 items). The Korean version of the 
BIS-II is a 4-point Likert scale, in which a higher score indi-
cates more impulsiveness.

Statistical Analysis
Differences between adolescents with and without BISS re-

garding continuous variables were explored using independent 
t-tests. Between-group comparisons of categorical variables 
were performed using the χ2 test. Simple correlations between 
academic performance, BISS-related factors, and psychological 
variables were assessed using Pearson correlation coefficients. 
To identify predictors of academic performance among sleep-
related or psychological variables, multiple regression analysis 
was performed (dependent variable: class quartile ranking, in-
dependent variables: age, sex, weekday sleep duration, week-
end oversleep, ESS score, KtCS score, BDI score, and BIS-II 

score). Statistical significance was defined at p < 0.05 (two-
tailed). SPSS version 15.0 was used for all computations.

RESULTS

Demographic Data
There were no significant differences in age or sex between 

adolescents with or without BISS. Adolescents with BISS 
were shorter than those without BISS (163.02 ± 7.2 cm vs 
166.14 ± 7.59 cm, t = 2.11, p = 0.04), whereas weight did not 
differ between groups. Subjective reports of socioeconomic 
status were not significantly different between groups (Table 1).

Academic Performance
Among 51 adolescents without BISS, 28 (54.9%) reported 

their academic class ranking in the first quartile, 10 (19.6%) re-
ported second quartile rankings, 11 (21.6%) third quartile, and 2 
(3.9%) fourth quartile. Adolescents without BISS reported a mean 
class quartile rank of 1.75 ± 0.93. Among 50 adolescents with 
BISS, 13 (26.0%) reported their class ranking as first quartile, 18 
(36.0%) second quartile, 16 (32.0%) third quartile, and 3 (6.0%) 
fourth quartile, for a mean class quartile rank of 2.18 ± 0.90. Ado-
lescents with BISS reported poorer academic performance than 
those without BISS (t = 2.39, p = 0.02; Table 1).

Psychological Characteristics
A comparison of psychological characteristics between ado-

lescents with and without BISS is presented in Table 1. Adoles-
cents with BISS perceived higher academic and familial stress 
than adolescents without BISS (t = 2.67, p < 0.01; t = 2.87, 
p < 0.01 for academic and familial stress, respectively). There 
was no difference in perceived interpersonal stress between 
groups. Adolescents with BISS had higher BDI scores than 
those without BISS (t = 4.23, p < 0.001). In addition, the total 
BIS-II scores of adolescents with BISS were higher than those 
without BISS (t = 2.70, p < 0.01). Among 3 factors assessed 
in the BIS-II, attentional and non-planning impulsiveness mea-
sures were higher in adolescents with BISS (t = 3.04, p < 0.01, 
t = 2.70, p < 0.01, respectively). Motor impulsiveness among 
adolescents with BISS tended to be higher but did not reach 
statistical significance (t = 1.74, p = 0.08).

Sleep-Wake Times and Daily Schedules
Sleep-wake times and daily schedules of the study participants 

are presented in Table 2. As expected, the mean weekday sleep 
duration of adolescents with BISS was shorter than that of adoles-
cents without BISS (5 h 20 min vs 6 h 27 min, t = 5.27, p < 0.001). 
On average, adolescents with BISS go to bed at 12:40 and rise at 
06:29 on weekdays, whereas students without BISS go to bed at 
00:08 and rise at 06:36 on weekdays. The mean weekday bed-
time of adolescents with BISS was significantly later than their 
counterparts without BISS (t = 2.47, p = 0.02), but there was no 
significant difference in weekday rise times between the 2 groups.

Contrary to weekdays, adolescents with BISS slept longer on 
weekends compared to those without BISS (9 h 45 min vs 7 h 
39 min, t = 7.23, p < 0.001). Adolescents with BISS reported a 
mean weekend bedtime of 01:00 and awoke at 10:41 on aver-
age. Students without BISS reported a bedtime of 12:50 and 
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awoke at 08:38. The mean weekend rise time among adoles-
cents with BISS was significantly later than their counterparts 
without BISS (t = 5.85, p < 0.001), but weekends bedtimes 
were similar between groups. Weekend oversleep was longer 
among adolescents with BISS compared with those without 
BISS (4 h 25 min vs 1 h 13 min, t = 13.46, p < 0.001). The rise 
time delay was significant longer among adolescents with BISS 
(t = 6.38, p < 0.001), whereas the bedtime advancement was not 
significantly different between groups.

There were no significant between-group differences regard-
ing time attending school and time upon returning home. In 
addition, there were no between-group differences in the pro-
portions of adolescents reporting nocturnal working.

Sleepiness, Diurnal Preferences, and Sleep-Disturbing 
Environments

As expected, adolescents with BISS showed higher ESS 
scores than those without BISS (t = 18.79, p < 0.001). Adoles-
cents with BISS reported lower KtCS scores than participants 
without BISS, indicating an evening preference for activity 
(t = 5.79, p < 0.001). The proportions of students reporting 
sleep-disturbing environments at bedtime were not signifi-
cantly different between those with and without BISS.

Relationship between BISS-Related Variables and 
Psychological Variables

Three variables (sleep duration on weekdays, weekend 
oversleep, and ESS) were used to identify BISS in the study 
participants. Potential correlations between these variables 
and psychological variables were explored. For all study par-
ticipants, a shorter weekday sleep duration correlated with 
higher academic stress (r = −0.21, p = 0.03). Weekday sleep 

duration did not significantly correlate with interpersonal or 
familial stress, impulsiveness, or depression. Longer week-
end oversleep correlated with higher academic stress (r = 0.24, 
p = 0.01), higher familial stress (r = 0.18, p < 0.05), and a higher 
BDI score (r = 0.30, p < 0.01). Daytime sleepiness, measured 
by the ESS, correlated with higher academic stress (r = 0.22, 
p = 0.02), higher familial stress (r = 0.22, p = 0.03), higher 
BIS-II score (r = 0.34, p < 0.01), and higher BDI score (r = 0.41, 
p < 0.001). A lower KtCS score correlated with all 3 BISS-
related variables: shorter sleep duration (r = 0.36, p < 0.001), 
longer weekend oversleep (r = −0.44, p < 0.001), and a higher 
ESS score (r = −0.51, p < 0.001). When subjects were stratified 
by BISS status, the relationship between KtCS score and ESS 
score among those without BISS (r = −0.35, p = 0.01) remained 
significant. Other correlations between psychological variables 
and BISS-related variables were not significant in either group.

Predictors of Academic Performance
For all study participants, class quartile ranking, the measure 

of academic performance, correlated positively with BIS-II score 
(r = 0.22, p = 0.02) and negatively with KtCS (r = −0.26, p < 0.01). 
Class quartile ranking also was positively correlated with ESS 
score (r = 0.24, p = 0.01) and with weekend oversleep (r = 0.33, 
p = 0.01). Class ranking was not significantly correlated with per-
ceived stress or BDI score. Among adolescents with BISS, only 
weekend oversleep was positively correlated with class quartile 
ranking (r = 0.38, p < 0.01). No other variables were correlated 
with class quartile ranking among adolescents with BISS. No 
psychological or BISS-related variables were correlated with 
class quartile ranking among students without BISS.

Multiple regression analysis was performed to identify pre-
dictors of academic performance (Table 3). Longer weekend 

Table 1—Demographic and psychological characteristics of adolescents with and without BISS.
Adolescents with BISS

mean ± SD or n (%)
Adolescents without BISS

mean ± SD or n (%)
Age (years) 17.56 ± 0.47 17.66 ± 0.54 0.96 0.34
Sex

Male 10 (20.00) 16 (31.37) chi = 1.16 0.28
Female 40 (80.00) 35 (69.63)

Height (cm) * 163.02 ± 7.2 166.14 ± 7.59 2.11 0.04
Weight (kg) 58.82 ± 10.63 59.35 ± 11.35 0.24 0.81
Socioeconomic status (quintile) 3.5 ± 0.71 3.33 ± 0.71 1.18 0.24
Academic Performance (quartile) * 2.18 ± 0.9 1.75 ± 0.93 2.39 0.02
Perceived Stress

Academic stress ** 2.62 ± 0.67 2.27 ± 0.63 2.67  < 0.01
Interpersonal stress 1.98 ± 0.68 1.78 ± 0.67 1.45 0.15
Familial Stress ** 2.24 ± 0.62 1.86 ± 0.69 2.87  < 0.01

Depressive mood
BDI*** 13.74 ± 6.5 8.51 ± 5.92 4.23  < 0.001

Impulsiveness
BIS-II: Attentional ** 20.06 ± 2.92 18.22 ± 3.17 3.04  < 0.01
BIS-II: Motor 22.32 ± 4.94 20.69 ± 4.47 1.74 0.08
BIS-II: Non-planning * 26.56 ± 5.22 24.25 ± 4.52 2.37 0.02
BIS-II: Total ** 68.94 ± 11.36 63.16 ± 10.11 2.70  < 0.01

* p < 0.05, ** p < 0.01, *** p < 0.001. BISS, behaviorally induced insufficient sleep syndrome; BDI, Beck depression inventory; BIS, Barratt Impulsiveness Scale.
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oversleep predicted poorer academic performance in the group 
of all participants even after controlling for age, sex, ESS score, 
KtCS score, BDI score, and BIS-II score (β = 0.39, p = 0.01). 
Longer weekend oversleep predicted poorer academic per-
formance in the group of adolescents with BISS (β = 0.42, 
p < 0.01). However, weekend oversleep did not predict aca-
demic performance among adolescents without BISS.

DISCUSSION

In the current study, adolescents with BISS performed less 
well academically than their peers without BISS. Adolescents 
with BISS also exhibited diverse problems, such as shorter 

height, more severe depressive symptoms, and more impul-
siveness. Longer weekend oversleep, which indicates a sleep 
debt, predicted poorer academic performance independent of 
depression, impulsivity, subjective sleepiness, and eveningness. 
Although other studies have described various influences on 
adolescent sleep quality or quantity, to the best our knowledge, 
the present study is the first to report an association between 
BISS and academic performance among adolescents.

In line with the first hypothesis of the current study, ado-
lescents with BISS showed poorer academic performance than 
those without BISS. This result supports the notion that BISS 
is a cause of poor academic performance among adolescents. 
Sleep is crucial for brain development during adolescence. 

Table 2—Sleep-related variables and daily schedules of adolescents with and without BISS.
Adolescents with BISS

mean ± SD or n (%) [range]
Adolescents without BISS
mean ± SD or n (%) [range]

Sleep Time
Weekday

Sleep duration *** 5h 20m ± 58m [3h – 7h] 6h 27m ± 1h 12m [5h – 11h] −5.07  < 0.001
Bed time * 00:40 ± 1h 11m [21:00 – 03:30] 00:08 ± 57m [21:00 – 02:00] 2.47 0.02
Rise time 06:29 ± 24m [05:42 – 07:18] 06:36 ± 29m [05:30 – 07:30] −1.22 0.22

Weekend 
Sleep duration *** 9h 45m ± 1h 30m [6h – 12h] 7h 39m ± 1h 25m [4h 30m – 12h] 7.23  < 0.001
Bed time 01:00 ± 1h 20m [6h – 12h] 00:50 ± 1h 28m [4h 30m – 12h] 0.60 0.55
Rise time *** 10:41 ± 1h 42m [6h – 12h] 08:38 ± 1h 25m [4h 30m – 12h] 5.85  < 0.001

Weekday-Weekend Difference
Weekend oversleep *** 4h 25m ± 1h 19m [3h – 8h] 1h 13 m ± 1h 4m [−2h – 2h] 13.46  < 0.001
Bed time advancement 20m ± 1h 17m [−3h – 3h 30m] 40m ± 1h 2m [−1h 30m – 4h] 1.36 0.18
Rise time delay *** 3h 57m ± 1h 39m [0m – 8h 48m] 2h 3m ± 1h 16m [−18m – 5h] 6.38  < 0.001

Daily Schedule
Time Attending School 07:33 ± 33m [06:30 – 09:00] 07:30 ± 25m [06:30 – 08:30] 0.44 0.66
Time upon Returning Home 22:25 ± 1h 40m [17:20 – 01:00] 22:51 ± 1h 27m [18:00 – 02:00] −1.39 0.17
Nocturnal working 3 (6.00) 3 (5.88) chi = 0.16 0.69

Sleepiness 
ESS *** 11.62 ± 1.95 [10 – 20] 5.21 ± 1.45 [2 – 7] 18.79  < 0.001

Circadian Preference
KtCS *** 28.54 ± 5.75 [16 – 41] 35.16 ± 5.40 [24 – 46] 5.97  < 0.001

Environment Disturbing Sleep 29 (58.00) 29 (56.86) chi = 0.01 0.93

* p < 0.05, ** p < 0.01, *** p < 0.001. BISS, behaviorally induced insufficient sleep syndrome; ESS, Epworth Sleepiness Scale; KtCS, Korean Translation of 
the Composite Scale.

Table 3—Predictors of academic performance among psychological and sleep variables in adolescents without BISS.
Total Adolescents with BISS Adolescents without BISS

β p β p β p
Sleep duration in weekday 0.10 0.42 0.08 0.58 0.15 0.37
Weekend oversleep 0.39 0.01 0.42  < 0.01 0.11 0.51
ESS −0.08 0.57 0.07 0.63 0.00 0.98
KtCS −0.06 0.66 −0.19 0.30 0.01 0.97
BDI 0.00 0.97 −0.11 0.52 0.03 0.87
BIS 0.22 0.08 0.15 0.41 0.24 0.18

Multiple regression model 1: dependent variable: Academic performance (quartile); independent variables: age, sex, sleep duration in weekday, weekend 
oversleep, ESS, KtCS, BDI, BIS. BISS, behaviorally induced insufficient sleep syndrome; BDI, Beck depression inventory; ESS, Epworth Sleepiness Scale; 
KtCS, Korean Translation of the Composite Scale; BIS, Barratt Impulsiveness Scale.
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Insufficient sleep in BISS may impair cognitive functions, such 
as memory and attention, which are essential for good academic 
performance. Affective problems related to BISS, such as de-
pression or impulsivity, may worsen academic performance. 
However, it remains unclear how BISS decreases academic 
performance among adolescents.

Depression and impulsiveness were increased among ado-
lescents with BISS. Although increased depression among 
adolescents with BISS has been reported previously,6 the cur-
rent study was the first to investigate impulsiveness in BISS. 
Several previous studies have associated insufficient sleep and 
impulsiveness.8,21 Attention deficits in adolescents correlated 
with weekend oversleep,12 supporting the presence of increased 
attentional impulsiveness in BISS. In addition to cognitive im-
pulsivity, studies have suggested a relationship between emo-
tional impulsivity and insufficient sleep. Short sleep duration, 
long weekend oversleep, sleepiness, and sleep deprivation in-
crease impulsivity, aggression, and risk-taking behaviors, and 
diminish affective control.8,21–23 These findings are consistent 
with increased non-planning impulsiveness identified among 
adolescents with BISS in the current study.

Consistent with the second hypothesis, poor academic 
performance was associated with longer weekend oversleep 
among adolescents with BISS. This finding is in accordance 
with a previous report associating weekend oversleep with 
academic performance, although 76% of the participants in 
that study reported sleeping more than 7 hours per night.24 On 
the contrary, sleep duration and subjective sleepiness did not 
correlate with academic performance. Several studies have 
associated academic performance and short sleep duration25 
or subjective sleepiness26 in adolescents, whereas other stud-
ies failed to detect these relationships.3,27 These discrepancies 
may be due to the diverse causes of short sleep duration and 
the inaccuracies associated with subjective measurements of 
sleepiness. Although short sleep duration can be voluntarily 
induced as in BISS, sleep duration may also be shortened de-
spite efforts to sleep as in adolescent insomnia or depression.4,5 
A “natural” short sleeper without BISS may sleep less with-
out voluntary effort to curtail sleep. In addition, the correlation 
between subjective measurement of sleepiness as ESS and ob-
jective of sleepiness as multiple sleep latency test (MSLT) has 
been reported not to be as high as expected.28 The current study 
suggests that weekend oversleep, as an indicator of sleep debt, 
could provide more reliable information regarding the severity 
of BISS than habitual sleep duration or subjective sleepiness. 
However, the weekend oversleep was not correlated with aca-
demic performance in adolescents without BISS. Therefore, our 
finding suggests that the longer weekend oversleep might be 
crucial for adolescent academic performance only when it is 
combined with the sleepiness and the shorter sleep.

In the current study, weekend oversleep was an independent 
predictor of poor academic performance after adjusting for de-
pression, impulsivity, and morningness/eveningness, which all 
were closely related to BISS and academic performance. The 
regression model indicated that depression, impulsivity, and 
morningness/eveningness were not independent predictors of 
academic performance among adolescents with BISS. We re-
port that sleep debt is the most important factor associated with 
poor academic performance among high school students with 

BISS. The associations between poor academic performance 
and depression, impulsivity, and circadian preference might be 
mediated by BISS, at least among adolescents having BISS.

The current study found that adolescents with BISS are sig-
nificantly shorter than their peers without BISS. No difference 
in weight was detected between groups in this study, but others 
recently have associated short sleep duration with adolescent 
obesity.29 Although speculative, this association may be partly 
mediated by BISS.

Adolescents with BISS perceived higher stress from their 
academic burden. Higher academic stress was not the result 
of poor academic grades or rankings because stress from ac-
ademic burden did not correlate with academic performance. 
Because there were no differences between adolescents with 
and without BISS in terms of sleep-disturbing environments, 
insomnia, or nocturnal working, we suggest that academic bur-
den could be the main cause of BISS in our study group. Anxi-
ety over low academic scores and strong aspirations for high 
academic achievements could mask adolescents’ perceptions 
of their individual sleep needs and cause them to restrict their 
sleep voluntarily.

Academic performance can be affected also by motivation 
besides cognition or affect. The motivation of students to study 
more usually improves their academic performance. However, 
too strong aspirations for higher academic grades may induce 
harsh sleep restrictions. The current study suggested that harsh 
sleep restrictions to allot extra time for studying could hamper 
academic performance. Hence, sleep restriction for academic 
purposes does not produce the desired results, especially in 
situations of extensive weekend oversleep or severe daytime 
sleepiness. Adolescents and their parents should be informed 
regarding the true consequences of habitually diminished sleep 
quality. Future study may be needed to assess the interrelation 
among motivation to study, motivation to cut off sleep, and real 
academic performance.

In the current study, eveningness among adolescents was as-
sociated with BISS and poor academic performance. Previous 
studies have reported an association between later sleep-wake 
schedules and poor academic performance among adoles-
cents.25 BISS might result from a mismatch between a stu-
dent’s intrinsic circadian rhythm (more eveningness) and the 
school’s extrinsic schedule (early morning start).30 Adolescents 
having an evening preference for activity may more easily de-
velop BISS compared to those with morning preferences. BISS 
induced by this mismatch might mediate the relationship be-
tween eveningness and academic performance. Similarly, the 
relationships between eveningness and impulsivity, inattention, 
or depression reported in previous studies6,31,32 may partly be 
moderated by BISS.

Because subjects were recruited from only 10 schools and 
because academic performance was assessed by intraclass 
ranking, the attending time to school was not related to BISS, 
sleep-wake schedules, or academic performance in the cur-
rent study. Sleep duration also was not correlated with time in 
school, unlike in Greece, where time sleeping was dependent 
on time in school among adolescents.30 However, BISS may 
develop or be exacerbated among evening-type adolescents in 
cases of earlier school start times, as early school time has been 
reported to induce shorter sleep duration and more sleepiness.33
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Although depression, impulsivity, perceived stress, and sleep-

related variables showed significant correlation with academic 
performance in the present study, the correlation coefficients 
were not so high. The modest correlations indicated that sleep/
psychological variables in the current study are not sole or most 
decisive determinants of academic performance. As academic 
performance can be affected by many other factors such as in-
telligence, motivation, interest, or study environments, BISS is 
more likely to only partially affect academic performance.

The present study has several limitations. The sleep dura-
tion of adolescents without BISS was approximately 6.5 hours, 
which is shorter than the recommended sleep duration (8.5 h) for 
adolescents.34 Adolescents without BISS also may suffer from 
suboptimal sleep durations. However, considering the unique 
university-bound culture in South Korean high schools, stu-
dents who slept 8.5 hours per day would not be representative 
of average students in this study population. The characteristics 
of BISS that we observed might have been more pronounced if 
adolescents with BISS had been compared to those who slept 
sufficiently. The cross-sectional nature of the study may also 
have been a limitation. The results of the current study shed no 
light on the causal pathway linking BISS to poor academic per-
formance; a longitudinal study is warranted to confirm this rela-
tionship. Since only small number of subjects (51 BISS and 50 
non-BISS subjects) was randomly sampled from 691 BISS and 
1,606 non-BISS subjects, there could be sampling bias which 
could hamper the representativeness of each group. Finally, 
self-reporting was used to measure academic performance be-
cause high schools in South Korea are prohibited from releas-
ing academic records. Subjective assessment of adolescents can 
overestimate or underestimate their real academic performance. 
The subjective self-rating for academic performance may be 
imperfect to represent real academic performance.

In conclusion, the current study found that BISS among 
Korean adolescents was associated with poor academic perfor-
mance. Sleep debt, as represented by weekend oversleep, pre-
dicted poor academic performance independent of depression, 
impulsiveness, weekday sleep duration, daytime sleepiness, 
and morningness/eveningness. Therefore, BISS may interfere 
with academic performance among adolescents.
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