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Sleep and Academic Performance in Korean High School Students

Jun Seok Lee, MD, Keun Tae Kim, MD, Yong Won Cho, MD

Department of Neurology, Dongsan Medical Center, Keimyung University School of Medicine, Daegu, Korea

Background: The objective of this study was to quantify the sleep behavior of Korean high-school students and its
relationship with academic performance.

Methods: Sleep surveys were completed by high-school students in Daegu, South Korea during September 2017. The
questionnaires investigated factors such as sleep quality, sleep and wake schedules, nighttime smartphone use, and scores on
a five-level grading scale pertaining to academic performance (A, 1-20%; B, 21-40%; C, 41-60%; D, 61-80%; E, 81-100%).
The chi-squared test, independent #-test, analysis of variance, and regression analysis were used to analyze the results.
Results: The questionnaires were completed by 691 high-school students consisting of 279 (40.4%) boys and 412 (59.6%) gitls.
Poor sleep quality (Pittsburgh Sleep Quality Index [PSQI] >8.5) was identified in 111 (16.1%) students, and depressed mood
(Hospital Depression Scale score >8) was identified in 254 (36.8%). Students with better academic performance tended to have
lower PSQIs (A, 5.29+2.58; B, 5.41£2.98; C, 6.00£2.65; and D/E, 6.15+2.97), and the morningness-eveningness questionnaire
scores were significantly higher in A-level students than in D- and E-level students. Regression analysis showed that leaving school
early each day and greater nighttime smartphone use were significantly associated with worse academic performance in
high-school students.

Conclusions: This study found a close relationship between the sleep behavior of students and their academic performance.
Students with better sleep quality, morningness, and less nighttime smartphone use tended to perform better academically.
Lifestyle modification should be considered as an important factor for improving academic performance.
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vs. 7.82+5.03; p=0.005), HAS (4.58+3.37 vs. 7.7124.72; p=0.001),

Table 1. Demographic and clinical characteristics of total surveyed students

Total (n=691) Man (n=279) Woman (n=412) p-value

Age 16.03+0.66 15.85+0.62 16.15+0.66 <0.001
BMI 21.04+3.09 22.40+3.44 20.03+2.36 <0.001
School arrival, h:m 7:31+0:17 7:30+0:13 7:33+£0:20 0.016
School departure, h:m 20:08+2:11 21:19+2:11 19:19+1:47 <0.001
Caffeine (yes) 386 (58.0) 145 (54.1) 241 (60.7) 0.091
Exercise (yes) 374 (56.8) 215 (78.5) 159 (41.4) <0.001
Total sleep time during weekdays, h:m 5:24+1:08 5:35+0:57 5:17+1:14 <0.001
Total sleep time during weekend, h:m 7:36%1:38 7:29+1:37 7:41£1:39 0.096
PSQI score 5.68+2.76 5.08+2.70 6.10+2.74 <0.001

Poor sleeper 111 (16.1) 34 (12.2) 77 (18.7) 0.022
ISI score 4.56+4.16 4.18+4.19 4.824+4.12 0.046

Insomniacs 17 (2.5) 6(2.2) 14 (3.4) 0.337
ESS score 6.29+3.63 5.47+3.91 6.82+3.34 <0.001

ESS abnormal 89 (12.8) 29 (10.9) 60 (14.7) 0.152
HAS score 5.23£3.51 4.95+3.69 5.41+3.38 0.104

HAS abnormal 166 (24.0) 63 (24.1) 103 (25.4) 0.720
HDS score 6.52+3.62 6.14+3.73 6.77+3.54 0.029

HDS abnormal 254 (36.6) 92 (35.2) 162 (39.9) 0.227
MEQ

Morningness 14(2.2) 11 (4.4) 3(0.8)

Intermediate 438 (69) 195 (78.3) 243 (63) <0.001

Eveningness 183 (28.8) 43 (17.3) 140 (36.3)

Values are presented as mean+standard deviation or n (%).

BMI; body mass index, PSQI; Pittsburgh sleep quality index, ISI; insomnia severity index, ESS; Epworth sleepiness scale, HAS; hospital anxiety scale,
HDS; hospital depression scale, MEQ; morningness-eveningness questionnaire.
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Good sleeper (n=580) Poor sleeper (n=111) p-value
Year (1st grade) 383 (66.0) 62 (55.9) 0.040
Gender (female) 335 (57.8) 77 (69.4) 0.022
BMI 21.03+3.07 21.04+3.23 0.980
Caffeine (yes) 321(57.7) 65 (59.6) 0.713
Exercise (yes) 318 (57.5) 56 (53.3) 0.429
School arrival, h:m 7:32+0:15 7:27+0:26 0.070
School departure, h:m 20:13+2:11 19:37+£2:06 0.009
Academic performance 2.38+1.10 2.62+1.12 0.043
PSQI 4.82+2.01 10.22+1.40 <0.001
ISI score 3.66+3.28 9.31+4.98 <0.001
MEQ score 45.58+6.65 42.90+6.40 <0.001
ESS score 5.96+3.42 7.95+4.24 <0.001
HAS score 4.83+3.27 7.38+3.95 <0.001
HDS score 6.2543.51 7.9843.90 <0.001

Values are presented as mean+tstandard deviation or n (%).

BMI; body mass index, PSQI; Pittsburgh sleep quality index, ISI; insomnia severity index, MEQ; morningness-eveningness questionnaire, ESS;
Epworth sleepiness scale, HAS; hospital anxiety scale, HDS; hospital depression scale.

Table 3. Analysis based on morningness-eveningness questionnaire

Eveningness (A) (n=183) Intermediate (B) (n=438) Morningness (C) (n=14) p-value  Post-hoc (Scheffe)
MEQ score 37.24+3.18 47.96+4.29 60.71+1.54
Year (1styear) 110 (60.1) 290 (66.2) 11 (78.6) 0.191
Gender (female) 140 (76.5) 243 (55.5) 3(21.4) <0.001
BMI 20.58+2.76 21.18+3.20 21.55+2.60 0.077
Caffeine (yes) 108 (61) 243 (57.7) 6(42.9) 0.374
Exercise (yes) 85 (49.1) 245 (58.6) 9 (64.3) 0.088
School arrival, h:m 7:33+0:14 7:31+0:18 7:36+0:22 0.255
School departure, h:m 19:37£1:58 20:1542:14 21:07+2:17 0.001 A<B, C
PSQI 6.36+2.71 5.39+2.72 5.00+2.18 <0.001 A>B
ISI 5.04+3.98 4.36+4.11 3.29+3.89 0.087
ESS 6.91+3.65 6.11£3.59 3.71+3.41 0.001 A, B>C
HAS 5.1243.37 5.32+3.54 4.924+4.92 0.774
HDS 6.17+3.46 6.71£3.69 6.23+4.49 0.230

Values are presented as mean+standard deviation or n (%).

MEQ); morningness-eveningness questionnaire, BMI; body mass index, PSQI; Pittsburgh sleep quality index, ISI; insomnia severity index, ESS;
Epworth sleepiness scale, HAS; hospital anxiety scale, HDS; hospital depression scale.
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Table 4. Analysis based on the student academic performance
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Year (1styear) 123 (68.3) 91 (62.8) 134 (58.0) 73 (70.2) 0.076
Gender (female) 72 (40) 94 (64.8) 156 (67.5) 70 (67.3) <0.001
BMI 21.37+2.93 21.06+3.19 20.70+2.98 21.27+3.42 0.157
Caffeine (yes) 96 (56.5) 83 (59.7) 134 (59) 57 (56.4) 0.912
Exercise (yes) 103 (58.5) 83 (58) 106 (50.2) 65 (64.4) 0.096
School arrival, h:m 7:31+0:14 7:32+0:16 7:33+0.16 7:28+0:26 0.083
School departure, h:m 21:3442:04 20:13£2:09 19:24+1:54 19:16+1:43 <0.001 A>B>C,D
PSQI 5.2942.58 5.41+2.98 6.00+2.65 6.15+2.97 0.011
ISI 4.27+4.32 4.06+4.18 5.07+3.97 4.98+4.30 0.061
MEQ 46.70+6.29 45.27+6.30 44.96+6.80 43.02+6.98 <0.001 A>D
ESS 6.31+3.66 6.39+3.71 6.35+3.65 6.22+3.62 0.985
HAS 5.26+3.57 4.99+3.67 5.2143.43 5.700+3.51 0.492
HDS 6.43+3.79 6.35+3.56 6.57+3.54 6.90+3.67 0.669

Values are presented as mean+tstandard deviation or n (%).

BMI; body mass index, PSQI; Pittsburgh sleep quality index, ISI; insomnia severity index, MEQ; morningness-eveningness questionnaire, ESS;
Epworth sleepiness scale, HAS; hospital anxiety scale, HDS; hospital depression scale.

Table 5. Multiple regression analysis

Regression B Standardized B p-value P
Low Upper
For academic performance”
Constant 4917 <0.001 4.059 5.775
School departure -0.150 -0.315 <0.001 -0.189 -0.112
Nighttime smartphone use 0.141 0.221 <0.001 0.090 0.192
For sleep qualityb
Constant 14.843 <0.001 8.730 20.956
HAS 0.226 0.288 <0.001 0.165 0.287
MEQ -0.065 -0.157 <0.001 -0.098 -0.032
ESS 0.124 0.165 <0.001 0.066 0.182
Nighttime Smartphone use 0.172 0.102 0.016 0.032 0.312
School departure -0.128 -0.101 0.015 -0.231 -0.025
School arrival -0.828 -0.090 0.020 -1.527 -0.129

CI; confidence interval, HAS; hospital anxiety scale, MEQ; morningness-eveningness questionnaire, ESS; Epworth sleepiness scale.

*Adjusted R>=0.196, p<0.001; "Adjusted R*=0.212, p<0.001.
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