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Objectives: Anxiety disorder is among the most prevalent mental ilinesses among adolescents. Early detection and proper treatment
are important for preventing sequelae such as suicide and substance use disorder. Studies have suggested that sleep duration is asso-
ciated with anxiety disorder in adolescents. In the present study, we investigated the association between sleep quality and anxiety in
a nationally representative sample of Korean adolescents.

Methods: This cross-sectional study was conducted using data from the 2020 Korea Youth Risk Behavior Web-based Survey. The Gen-
eralized Anxiety Disorder-7 questionnaire was used to evaluate anxiety. The chi-square test was used to investigate and compare the
general characteristics of the study population, and multiple logistic regression analysis was used to analyze the relationship between
sleep quality and anxiety.

Results: In both sexes, anxiety was highly prevalent in participants with poor sleep quality (adjusted odds ratio [aOR], 1.56; 95% con-
fidence interval [Cl], 1.43 to 1.71 in boys; aOR, 1.30; 95% Cl, 1.19 to 1.42 in girls). Regardless of sleep duration, participants with poor
sleep quality showed a high aOR for anxiety.

Conclusions: This study identified a consistent relationship between sleep quality and anxiety in Korean adolescents regardless of
sleep duration.
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INTRODUCTION

Anxiety disorder is among the most prevalent mental ill-
nesses among adolescents, with a lifetime prevalence of 38.0%
in girls and 26.1% in boys. Additionally, 8.3% of adolescents
with anxiety disorder experienced severe impairment due to it
[1,2]. In Korea, Park et al. [3] showed that the prevalence of any
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anxiety disorder was 10.3% using the Diagnostic Interview
Schedule for Children, making it the most prevalent psychiat-
ric disorder. It is very important to prevent and manage anxi-
ety disorder in childhood and adolescence because adoles-
cence is a critical period in which individuals develop their ca-
pacity for social interaction, which can be negatively affected
by anxiety [4]. Anxiety disorder in adolescence often persists
into adulthood and can induce other psychiatric problems, such
as depression, suicide, and substance abuse. Anxiety disorder
is also among the top 30 leading causes of lost disability-ad-
justed life-years in Korea; thus, managing anxiety disorder in
early life is very important for quality of life [5]. Therefore, early
detection and proper treatment are important to reduce the
disease burden [6-9].

The detection of anxiety disorder in childhood and adoles-
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cence is challenging because it is normal for children to expe-
rience anxiety in their daily life when they encounter a new
situation or task [10]. Another hurdle for the early detection of
anxiety is that it is relatively difficult to assess anxiety in chil-
dren [11]. Due to children’s limited language and expression
skills, the diagnosis is based on parental reports, especially in
younger children, making the diagnosis a complex and time-
consuming process [12-14]. Therefore, it is helpful to use sim-
ple indicators to detect adolescents with possible anxiety dis-
order before a further comprehensive evaluation is conducted.
Sleep quality is one such indicator, and adolescents can easily
report subjective sleep quality. Sleep duration has been found
to predict anxiety disorder in adolescents, but the association
between sleep quality and anxiety disorder remains unclear
[15]. We believe that if an association between sleep quality
and anxiety is found in a large adolescent sample, it will en-
courage the use of subjective sleep quality as an indicator of
anxiety in adolescents in clinical settings.

We aimed to investigate the association between sleep qual-
ity and anxiety in a large sample of Korean adolescents after
adjusting for covariates associated with sleep and anxiety. We
also aimed to identify differences in the severity of anxiety ac-
cording to sleep quality.

METHODS

Study Population and Data

The data analyzed in this study were obtained from the 2020
Korea Youth Risk Behavior Web-based Survey (KYRBS), conduct-
ed by the Ministry of Education, Ministry of Health and Wel-
fare, and Korean Disease Control and Prevention Agency (KDCA;
formerly the Korea Centers for Disease Control and Prevention).
The purpose of this survey, which is conducted on middle
school and high school students, is to evaluate the health sta-
tus and health-related behavior of Korean adolescents and
provide basic data for the formulation of health policies. To
ensure representativeness of the survey for Korean adoles-
cents, the KDCA stratified all middle/high schools in Korea by
region and type, and selected sample schools using the collo-
cated random number method [16,17]. The anonymous sur-
vey is conducted annually at approximately 400 high schools
and 400 middle schools. The survey items change slightly ev-
ery year, and weighted values are used for combined analyses
of data from several years.
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Measures
Generalized Anxiety Disorder-7

The Generalized Anxiety Disorder-7 (GAD-7) is a self-report
questionnaire used to screen for anxiety disorder. It includes
7 items that reflect the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition criteria for generalized anxi-
ety disorder [18]. The GAD-7 has been established as a reliable
and valid tool for screening generalized anxiety disorder and
other anxiety disorders [19,20]. Each item is rated between 0
and 3, with a maximum total score of 21. The total score is
used to grade anxiety into 4 levels: minimal (0-4), mild (5-9),
moderate (10-14), and severe (15-21) [18]. The Korean version
of the GAD-7 was translated and verified by Seo and Park [21].
The Cronbach a of the Korean version is 0.915, and the sensi-
tivity, specificity, positive predictive value, and negative pre-
dictive value of the GAD-7 with a cut-off score of 5 are 78.1%,
74.6%, 46.3%, and 92.4%, respectively. Therefore, we defined
participants as having anxiety if their GAD-7 score was =5.

Sleep-related variables

To evaluate participants’ sleep quality, they were asked
whether their sleep during the previous 7 days was sufficient
for recovering from fatigue. They selected the most suitable
answer among 5 choices: 1, completely sufficient; 2, sufficient;
3, neutral; 4, insufficient; 5, completely insufficient. Partici-
pants with completely sufficient and sufficient sleep were cat-
egorized into the good sleep quality group, and the remaining
participants were categorized into the poor sleep quality group.
Participants were also asked about when they went to bed
and woke up, and we calculated the sleep duration from this
information.

Covariates

The socio-demographic covariates studied included age, so-
cioeconomic status, academic grades, and family structure.
Socioeconomic status was categorized as high, middle, or low.
Based on their family structure, we classified participants as
living with 2 parents, 1 parent, or 0 parents. The health-related
covariates studied included smoking status, alcohol use, per-
ceived stress level, and self-reported health status. We also in-
cluded smartphone over-dependence, which might be associ-
ated with both sleep quality and anxiety. The KYRBS provides
the results from the Adolescents’ Smartphone Over-depen-
dence Scale, which was developed by the National Informa-
tion Society Agency in Korea. The scale consists of 10 ques-



Journal of

Preventive Medicine Sleep Quality and Anxiety in Adolescents
Public Health

tions with 4 points; a score of over 23 points out of 40 points B s - - g
o o o
indicates that a respondent is at risk for smartphone over-de- T 3 = = §
L \4 Vv Vv
pendence [22,23]. = °
5 @T W@@® @S
- . g =28 RBES8E8 &3
Statistical Analysis S g Dogs oo 2
The Rao-Scott chi-square test was used to analyze and com- w2 cae “ooe ~-F
. . . . N ISR © 888 SR SHRS
pare the variables. To examine the relationship between sleep ~
Q
. . - . _12l=
quality and anxiety, we conducted survey logistic regression 2 3 3 =% se=ms =&
analysis using strata, weights, and clusters after adjusting for S =) S8 R[RE88B &5
~N -]
covariates. Subgroup analyses were performed to investigate L E § < 3 § 2 § § §
-~ D — 0 O ~
the combined associations of sleep quality and other covari- 2 >
ates with anxiety. Subjects with anxiety were divided into 5 N 2 e
. . . L bl = ~ © o N NN N ©
3 groups according to the severity of anxiety, and the signifi- £ g3 @asad ¢
cance of the relationship between sleep quality and anxiety 2 B2 5585 8%
was analyzed in each of these groups. The results are present- Al ~ B NS < 2
ed as adjusted odds ratio (@aOR) and 95% confidence intervals iy
. < 3T — — [N
(Cls) to compare the prevalence of anxiety. The analyses were o 2 NSRS @@ T
. . . . 5 S Sdos oF
performed using the stratified sampling variables (strata) and 'S © o~ © ~ © & o o
. . 3 ? 3 - BR 3 28
weighted variables suggested by the KYRBS. We performed S =~ N o = 5
the analysis after dividing subjects by sex due to differences
between the sexes in anxiety and sleep quality [24]. All analy- ® s = =
— o S o
ses were carried out using SAS version 9.4 (SAS Institute Inc., E < & <
Cary, NG, USA), and p-values <0.05 were considered to indi-
R ~N® SWae~~ =6
cate statistical significance. 2 s o oo © S o
£ e =S ==
w0 o st © r~ O o <t
5 =2 2588 =28
Ethics Statement s g8 883 =8
The KYRBS received the KDCA approval (2014-06EXP-02-P- g
A) in 2014. From 2015, the ethics approval for the KYRBS was 3 S E g g g g g g S g
waived by the KDCA Institutional Review Board under the Bio- o 2 =2~ Som- o
. . . N 2 & 8 * s8R g &
ethics & Safety Act and opened to the public for academic use. I E N o 88s SR
-]
@©
RESULTS = = o
g 28 2288 g8¢8
. : : 2 ScNEEE o =
The general characteristics of the study population stratified it ISHEN N RS ® o &
AR 228 25k
by sex are presented in Table 1. This study included 46 387 par- ﬁ ~ - = = -
ticipants (24 104 boys and 22 283 girls). Among them, 26.1% E'r_ =
[} © N o = = ™ o =
of boys and 39.7% of girls had a GAD-7 score =5. There was a 992 IJ SoEaA o=
= = =8 @ oo
higher prevalence of anxiety in both boys and girls with poor $ 28 =~ - 3 S &
. . . . . £ N3 ° IS S S
sleep quality than in those with good sleep quality. Participants =
who slept for less than 6 hours had the highest prevalence of
anxiety among all the groups defined according to sleep dura-
tion. The prevalence of anxiety was also higher in participants %
with low economic status and high perceived stress levels. " :Z =
@ s 5
Table 2 shows the results of the multiple logistic regression = S5 . S o5 o — 0 ®
= S8 88K T RO G b
analysis of the association between sleep quality and anxiety. S 20a N0V o= -



1cine

Journal of
Preventive Med
Public Health

Hyunkyu Kim, et al.

000>

000>

L00'0>

86L0

100'0>

000>

100'0>

000>

9G€0

,anjea-d

(€'09) 159 8€9 (€'09) Gty €l
(z'16)Z0L 621 (z'2y) 10LZ
(G'£9) 66 805 (9°29) v 0L
(7'1€) 066 82 (9'1€) 009
(9'6Y) 626 ¥EL (9'67) 8082
(€'89) 961 G/ (2'89) LE0 01
(£°€€) 080 ¢¥l (8°€€) S00¢€
(6'2L) 1¥9 G¥E (0'eL) ¥SzL
(1'Z6) 0€6 051 (1'z6)98LE
(5'09) €78 501 (£°09) 5v€2
(2'09) 808 z€S (€'09)00L L1
(£¥) 906 92 (€v¥) 9.5
(Z'19)8v1 219 (€19)698 1
(5'03) 60€ 151 (£'08)zlze
(1'79) ZvE (8 (0'62) €2 01
(6'78) 0z €81 (6'7G) 888€
(€290 €zl 01T (L'29) Elvy
(1'€9) ¥z€ S¥Z (0°€9) ¥7LG
(8'€9) 19 ¥5Z (0'79) 8€25
(0'19) vL¥ €2€ (2'19) 1489
(9°97) €96 09 (7'9r) 9gEL
(£°09) 608 901 (G'09)8L1Z
(8°£G) €29 €2 (€°£6) L¥S
(€'09)61Z 80§ (5'09) 9z. 01
pajybrapp payybramun
6> [-QV9

(L'6€) £8L 0z (£'6€) 8€88
(82) 669¢ (8'£8) 669€E
(G'2e) LLL¥0E (7'2€) 6ELS
(9°89) 7€Z €9 (v'89) LOEL
(¥'03) 869 9€ | ('03) 8582
(£°1€) 658 022 (8°1€) 629
(€'99) G¥9 642 (2'99) 2885
(L'22) 1Lz 82l (0°L2) 7892
(6'4) L8721 (6°2)2LZ
(5'6¢) G/ 69 (€'6€) 8161
(8'6€) 219 LGE (£'6€) 0ZEL
(€'G8) 2L ¢€ (£'98) €2L
(8'8€) G0 88€ (£8€)GLL8
(5'6) 601 871 (€'6Y)EZLE
(6'G8)8/92/2C (0'12)§1L2
(1'Gp) 9G€ 0G| (L'G) [6LE
(L°L€) €6 921 (€'L€) 229z
(6°9€) ¥6¥ £Vl (0°/€) B10E
(Z'9€) BLS ¥l (0°9€) 1762
(0'6) 012 902 (8'8€) L5EY
(7'€S) 867 69 (9°€G) 9¥GL
(€'6€) 901 69 (G'6€) 0zyl
(Zev)zzz Ll (L'2v) €0y
(L'6€) 6GY 7EE (S'6€)GLOL
payBrap payybramun
6= [-QV9

(€82 Zz=u) ajeway

L00°0>

000>

100'0>

8000

100'0>

000>

100'0>

000>

L91°0

,anjea-d

(GeL)vzy 198 (6'€L) 028 LL
(0cg)6lL0eL  (8GS) L1992
(€'84)G0L0z.  (78L) €Sl Gl
(G'9) 269 Z€ (8'9Y) 129
(0z9)€9z6EL  (£'29) 0062
(£8L)0Lv 6.9  (06L) 6V VL
(G€L)vzy 168 (7'GY) 2L62
(1'8L)60y LIy (7'8/) ¥ES8
(9v6) evE 962  (L'76) ¥1EI
(9v/)088 228 (ZSL)9LLL
8z vvSees  (L'e€L)v0L0L
(£'99) LLE 66 (8'99) £S0Z
(GvL)€502S.  (0GL) €9L 6L
(£'89)650 162 (1'69) 9909
(€9/)69€ 098  (L'9/)¥SLLL
(0'02) /8L €92 (€0L)SBYS
(1'G/) 629262  (9'G/) 8YES
(€6/)809GEE  (£'GL) LL69
(092)695 2.8 (8'9/) 929
(v L1188 (S¥vL)Zvz8
(ze9) Gyl 16 (6'29) 2561
(6240008622  (€'€L)0SLY
(€1)88l 1E (671L) 269
(6'€L)6EV 06S (€L ELETL
paybrapn payybramun
6> [-QV9

58] 81enbs-1yd 1J03S-0eY By} WOl
‘(9) Jaquinu se paiuasald aie sa|qeLiey

|e10L
ASH-1Y
[ewioN

8ouspuadap-1ano suoyduews

(G'92) L2/ 90€ (1'9Z) ¥829
(0°GY) ¥28 901 (Zvv)9llz
(£'12) €06 661 (9°1Z) 89l
(gea) £L9 L€ (Z°€8) ¥9L
(0'8€) 061 G8 (€2€)9zLL
(€'12) 098 €81 (0'12) ¥6L€
(G92) L. 90€ (9%G) 185
(612) 090 GL1 (9'12) 16€Z
(s €62 91 (€6) zae
(7'SZ) 1GY LLL (8'7Z) GvET
(¢'12)9/Z 561 (6°9Z) 6E6E
(€°€€) 096 6Y (z'ee) ez0l
(G'6z) £91 G2 (0°Gz) 1925
(€°1€) 0€S €L (6°0€) LLLZ
(L'€Z) 861l vLL (€'€Z) £195€
(00€) 289 ZL1 (L'62) €2€C
(6%2) £9L €8 (v'vz) GzLL
(£'72)80€0LL (€vz) 9€zZ
(07Z) 067 LL1 (zez)olez
(0'9Z) 068 GEL (G6z) 1282
(8'9€) L¥E €5 (L°2€) €GLL
(1°'22) 1Lz o8 (L'92) LeLL
(£'82) 985 Z1 (1'82)zL2
(1'9¢) 106 80Z (L'6Z) 18z
pajyBrap payybramun
6= [-QV9

(0L bz=u) 3jen

MO
3|pPIN
ybIH

sniels yijeay payodal-4ag

ybIH
3|pPIN
MOT

|aA| $S8.1S PAAIBIIEY

ybiH
Mo
Ananae |eaishyg
1873
18AaN
sniess Bupjows
18A3
JanaN
SNJeIS [0Yod|y
Mo]
3IPPIN
ybiH
sape.n
ybiH
8IPPIN
Mo]
SNIEIS 2IWOU0dT
auoN
1aled 8jbuig
sualed yiog
siualed yum Buian

sajqeliep



Journal of
Preventive Medicine

Public Health
i GAD-7 =5
Variables
Male Female

Sleep quality

Good 1.00 (reference) 1.00 (reference)

Poor 1.56(1.43,1.71) 1.30(1.19, 1.42)
Sleep duration (hr)

>10 1.15(0.63, 2.07) 0.81(0.38,1.71)

8-10 1.00 (reference) 1.00 (reference)

6-8 1.05(0.92, 1.20) 1.12(0.97, 1.29)

<6 1.17(1.01, 1.35) 1.22(1.06, 1.40)
Age (y)

12-15 1.00 (reference) 1.00 (reference)

16-18 1.03(0.95, 1.11) 0.89(0.82, 0.97)

Living with parents
Both parents
Single parent
None

Economic status

1.00 (reference)
1.01(0.82, 1.24)
0.95(0.87, 1.03)

1.00 (reference)
0.85(0.72, 1.01)
0.85(0.78, 0.93)

Low 1.00 (reference) 1.00 (reference)

Middle 0.79(0.72,0.88) 0.75(0.68, 0.82)

High 0.81(0.73,0.90) 0.75(0.67, 0.83)
Grades

High 1.00 (reference) 1.00 (reference)

Middle 0.92 (0.85, 1.01) 0.94(0.87,1.03)

Low 0.96 (0.88, 1.05) 1.00(0.91, 1.09)

Alcohol status
Never
Ever

Smoking status
Never
Ever

Physical activity
Low
High

Perceived stress level

1.00 (reference)
1.13(1.04,1.23)

1.00 (reference)
1.07 (0.96, 1.20)

1.00 (reference)
1.09(1.01,1.18)

1.00 (reference)
1.24(1.14,1.34)

1.00 (reference)
1.19(1.02, 1.39)

1.00 (reference)
1.15(1.05, 1.25)

Low 1.00 (reference) 1.00 (reference)
Middle 4.01(3.53, 4.55) 3.68(3.16, 4.29)
High 15.37 (13.44,17.58)  16.43(14.18, 19.04)

Self-reported health status

High 1.00 (reference) 1.00 (reference)
Middle 1.63(1.50, 1.77) 1.56 (1.45, 1.68)
Low 2.44(2.13,2.80) 2.44(2.14,2.78)

Smartphone over-dependence

Normal
At-risk

1.00 (reference)
2.46 (2.26, 2.67)

1.00 (reference)
2.30(2.13, 2.49)

Values are presented as adjusted odds ratio (95% confidence interval).
GAD-7, Generalized Anxiety Disorder-7.

Sleep Quality and Anxiety in Adolescents

After adjusting for covariates, both boys and girls with poor
sleep quality had a higher prevalence of anxiety than their
counterparts (adjusted odds ratio [aOR], 1.56; 95% Cl, 1.43 to
1.71 in boys; aOR, 1.30; 95% Cl, 1.19 to 1.42 in girls). Further-
more, after adjusting for covariates, participants who slept for
less than 6 hours had higher odds of having anxiety than par-
ticipants who slept for 8-10 hours (aOR, 1.17; 95% Cl, 1.01 to
1.35in boys; aOR, 1.22; 95% Cl, 1.06 to 1.40 in girls). The at-risk
group for smartphone over-dependence also showed elevat-
ed ORs compared to the normal group (aOR, 2.46; 95% Cl, 2.26
to0 2.67 in boys; aOR, 2.30; 95% Cl, 2.13 to 2.49 in girls).

The results of the subgroup analysis are shown in Table 3.
After categorizing participants according to sleep duration,
the group with poor sleep quality had higher odds of having
anxiety than those with good sleep quality, although this re-
sult was not statistically significant in the group of participants
who slept for more than 10 hours. Multiple logistic regression
analysis of subgroups stratified by anxiety severity revealed a
higher prevalence of anxiety in participants with poor sleep
quality in all subgroups (Table 4). This association was stronger
in participants with moderate/severe anxiety than in those
with mild anxiety. Figure 1 shows the results of multiple logis-
tic regression analysis conducted using raw scores based on
the answer to the question on sleep quality. The ORs generally
increased as sleep quality decreased.

DISCUSSION

In this study, we found that anxiety was associated with sleep
quality in Korean adolescents. This association was maintained
even after adjusting for covariates and subgrouping according
to socio-demographic variables, sleep duration, and sex.

Our results are consistent with those of previous studies that
found associations between sleep problems and anxiety in
adolescents. A short sleep duration has been found to be as-
sociated with anxiety [15,25]. A longitudinal study suggested
that sleep problems predicted and were predicted by general-
ized anxiety/depression and oppositional defiant disorder;
however, that study also found that sleep disorders predicted,
but were not predicted by, anxiety disorder (odds ratio, 3.3)
[26]. Another study investigated the directionality of the asso-
ciation between sleep problems and anxiety and found that
sleep problems were significantly associated with anxiety and
predicted future anxiety, but the reverse association was not
established [27]. Other longitudinal studies have also suggest-
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Male Female
Variables - : : :
Good sleep quality Poor sleep quality Good sleep quality Poor sleep quality

Sleep duration (hr)
>10

1.00 (reference)

1.94(0.31, 12.08)

1.00 (reference)

Journal of

3.90(0.15, 102.91)

8-10 1.00 (reference) 1.52(1.23,1.89) 1.00 (reference) 1.17(0.89, 1.54)

6-8 1.00 (reference) 1.52(1.35,1.71) 1.00 (reference) 1.27(1.12,1.43)

<6 1.00 (reference) 1.63(1.41,1.89) 1.00 (reference) 1.37(1.19, 1.59)
Age (y)

12-15 1.00 (reference) 1.55(1.38, 1.74) 1.00 (reference) 1.26(1.13, 1.41)

16-18 1.00 (reference) 1.56(1.38, 1.78) 1.00 (reference) 1.35(1.16, 1.57)

Living with parents
Both parents
Single parent
None

Economic status

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.61(1.44,1.80)
1.42(0.95, 2.13)
1.47(1.27,1.71)

1.00 (reference)
1.00 (reference)
1.00 (reference)

1.28(1.16, 1.42)
1.21(0.78, 1.89)
1.41(1.14,1.76)

Low 1.00 (reference) 1.75(1.37, 2.24) 1.00 (reference) 1.28(1.02,1.62)

Middle 1.00 (reference) 1.56 (1.37, 1.76) 1.00 (reference) 1.31(1.16, 1.49)

High 1.00 (reference) 1.52(1.33,1.73) 1.00 (reference) 1.29(1.11, 1.50)
Grades

High 1.00 (reference) 1.47(1.26, 1.70) 1.00 (reference) 1.25(1.08, 1.46)

Middle 1.00 (reference) 1.80(1.53,2.12) 1.00 (reference) 1.32(1.13, 1.54)

Low 1.00 (reference) 1.49(1.28,1.73) 1.00 (reference) 1.34(1.13, 1.58)

Alcohol status
Never
Ever
Smoking status
Never
Ever
Physical activity
Low
High
Perceived stress level

1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)

1.58(1.41,1.77)
1.53(1.33,1.77)

1.57(1.43,1.72)
1.57(1.20, 2.05)

1.51(1.35, 1.69)
1.65(1.44, 1.89)

1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)

1.00 (reference)
1.00 (reference)

1.28(1.15, 1.43)
1.36 (1.15, 1.61)

1.31(1.19, 1.43)
1.25(0.81,1.92)

1.28(1.16, 1.41)
1.40(1.11, 1.76)

Low 1.00 (reference) 1.82(1.39, 2.40) 1.00 (reference) 1.27(0.92,1.73)
Middle 1.00 (reference) 1.55(1.37,1.75) 1.00 (reference) 1.17(1.04,1.32)
High 1.00 (reference) 1.53(1.32,1.77) 1.00 (reference) 1.48(1.29, 1.71)

Self-reported health status

High 1.00 (reference) 1.72(1.54,1.91) 1.00 (reference) 1.37(1.23,1.52)
Middle 1.00 (reference) 1.28(1.06, 1.55) 1.00 (reference) 1.11(0.92, 1.34)
Low 1.00 (reference) 1.13(0.81, 1.58) 1.00 (reference) 1.39(0.97, 2.00)

Smartphone over-dependence

Normal
At-risk

1.00 (reference)
1.00 (reference)

1.61(1.46, 1.78)
1.42(1.19, 1.68)

1.00 (reference)
1.00 (reference)

1.28(1.15, 1.43)
1.33(1.14, 1.57)

Values are presented as adjusted odds ratio (95% confidence interval).

ed that sleep problems might be a risk factor or predictor for
anxiety disorder [28,29].
In previous studies, anxiety disorders showed sex differenc-

es in adolescents, with girls having a higher prevalence and
cumulative hazard for anxiety disorders [30,31]. In our study,
female participants showed a higher percentage of GAD-7
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Sleep quality Mild Moderate Severe
Male
Good 1.00 (reference) 1.00 (reference)  1.00 (reference)
Poor 152(1.38,1.67)  1.67(1.41,1.99)  1.58(1.18,2.10)
Female
Good 1.00 (reference) 1.00 (reference) 1.00 (reference)
Poor 1.21(1.10,1.33)  1.63(1.37,1.95)  1.90(1.43,2.53)

Values are presented as adjusted odds ratio (35% confidence interval).

scores =5, but male adolescents showed a higher OR for GAD-7
scores =5 in the poor sleep quality group than female partici-
pants. These results might imply that sleep quality is more strong-
ly associated with anxiety in male adolescents than in female
adolescents. Smartphone over-dependence also showed an
association with anxiety, as shown by the results in Table 2.
Nevertheless, in a subgroup analysis, both the normal group
and at-risk group showed an association between sleep quali-
ty and anxiety. These results might suggest that sleep quality
is an important factor associated with anxiety regardless of
smartphone dependence; this possibility warrants further in-
vestigation.

Unlike previous studies, we focused not only on sleep dura-
tion, but also on the subjective feeling of satisfaction with the
effectiveness of sleep for relieving fatigue. Poor sleep quality
was consistently associated with anxiety in all sleep duration
subgroups. This might indicate that regardless of sleep dura-
tion, subjective sleep quality has an important association with
anxiety disorder. We also assessed sleep quality using a simple
and easily understandable question, which can be used for
screening anxiety disorder in children or adolescents.

The mechanism underlying the association of sleep distur-
bance with anxiety disorder remains unclear, but several hy-
potheses have suggested biological, psychological, and social
mechanisms [32]. The biological mechanism hypothesis sug-
gests that sleep problems not only precede anxiety disorder,
but can also be a risk factor for anxiety disorder [32-35]. In pre-
vious studies, sleep disorders were associated with a higher
prevalence of physical problems, and they can therefore induce
a poor general condition and anxiety symptoms [36]. Consid-
ering these relationships, appropriate treatment of sleep dis-
turbances is needed to improve or prevent anxiety disorder in
adolescents.

Sleep Quality and Anxiety in Adolescents
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Sleep quality

This study has several limitations. First, cross-sectional data
were used, and we could not confirm a causal relationship be-
tween sleep quality and anxiety in adolescents. Second, as the
data were collected through a self-reported web-based survey,
the possibility of recall bias or the participants having misun-
derstood questions cannot be eliminated. In particular, answers
about socioeconomic status might have lacked accuracy be-
cause of the participants’ lack of understanding of their par-
ents’ economic condition. However, our results are based on
subjectively reported economic status, which has been found
to more accurately reflect feelings of anxiety than objectively
reported data. Third, as the survey targeted youths, the ques-
tionnaire was deliberately kept simple and did not include a
scale for assessing objective sleep quality.

Despite these limitations, our study possesses certain strengths.
Although the KYRBS has the limitation of cross-sectional data,
it contains nationally representative data, making the findings
generalizable to the entire adolescent population of Korea.
Additionally, a relatively simple question was used to assess
sleep quality, and we found that sleep quality assessed using
this question was significantly associated with anxiety. There-
fore, this question can be readily and easily used to evaluate
adolescents in other situations.

In conclusion, we identified a relationship between sleep
quality and anxiety in Korean adolescents. This association
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was consistent regardless of sleep duration. Further research
with a prospective design and the use of objective measures
to assess sleep quality should be conducted to validate these
findings.
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