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Mediating Effect of Sleep Variability on the Relationship between
Smartphone Use and Mental Health among Korean Adolescents

Lim, Su-Jin

Associate Professor, College of Nursing, Incheon Catholic University, Incheon, Korea

Purpose: This study aimed to examine the mediating effect of sleep variability on the relationship between smartphone
use and mental health, focusing on stress and anxiety among Korean adolescents. Methods: This secondary data analysis
utilized the 20th Korea Youth Risk Behavior Survey (2024), a nationally representative cross-sectional dataset of 54,653
middle and high school students. Complex sample linear regression analyses were conducted controlling for
demographic and behavioral variables. Results: The average daily smartphone use was 5.39 hours; the mean social jetlag
was 1.89 hours; the mean stress level was 3.44; and the mean GAD-7 score was 11.45. Longer smartphone use was
significantly associated with greater sleep variability (3=.087, p<.001), and both higher stress (3=.020, p<.001) and
anxiety (3=.112, p<.001). Sleep variability partially mediated these relationships, showing significant indirect effects for
stress (Sobel Z=-5.45, p<.001) and anxiety (Sobel Z=-3.42, p=.001). Conclusion: Smartphone use indirectly affects
adolescents’ mental health through increased sleep variability. While moderate variability may have short-term restorative
effects, excessive irregularity can disrupt circadian synchronization and heighten emotional instability. Interventions for
adolescent mental health should include strategies to manage smartphone use and promote regular sleep-wake rhythms.

Key Words: Adolescent; Internet use; Stress; Psychological; Sleep; Anxiety

HoE of o} 2o 542 ) 3L H]ch(Lee, Kim, Jeon, & Kim,
2022). H2 ATOIAE Hae] B SuAL] A%H e

. ei70 WA 2 gh0h3 Sre) 74 Ea ot e Aol HuE Y
tH(Chi, Ko, Lee, Yi, & Lee, 2022). £3] A AW 9 531 %

M| e A 2 A5 AR T4 BAAE 7 Sune o2 ehis SEMEAE e SUAR
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Slavish, Dietch, Kelly, & Taylor, 2019). o] &gt A3}= T
B4R RES ol 25 0] B AL HAAZ 913
o) B4 20192 AlAIT}

SERESS A 7, F A7 SO 2 vz
e EEWI AEASE AHBohs 5tk AR 57

g 5 9lou, F2de A9 Qo) S U FT g
B o A FRHDR, 98 BRHY UG FFFL
4

EYA7} Bl e B g8s] Wt
(Roenneberg et al., 2019). o]2|3t o] G-2 2L F4H A9
Ae SHEEAY gE AEE A4 A EF I (Social Jetlag,
SIL)E &8-3l= ko] 2718kaL QIth(Li et al., 2024). SJL&
T FEE ST ol 2 AlLbEH, 72l e A2t
AR 47 7+ BUX) A =5 A FEeh(Wittmann, Dinich,
Merrow, & Roenneberg, 2006). 0]+ 27| B 114] B2 4] &
=R} Su Azt dlo|elo] Z]utakel AN $715H
SEE AVHO Brhe 4 ks HolA] o] Bk
(Roenneberg et al., 2019; Caliandro, Streng, Van Kerkhof,
Van Der Horst, & Chaves, 2021). A E& At o2 gt A7

EOMh FHAZEOIY =1 S BAIG To & S]Lo| &
oF & 5 HAAY A Ho} FoJ3 TS HrH(Mathew

etal., 2019). o| &3t A= SHAIZY RER T 5 H]F
7I§P?<}xil7}7é*ﬂ 84 2*_ Foll 9= wiXlthe d= 454

ﬂﬁ*ﬂE£4ﬂﬂiﬂham%*ﬂﬂ¢ DREE
NAZE FA M7 EA HBET 200 F2

3 916}, AT W2 b= E Belee AAEL A
I ot3tel A3 2 0 = AEH (Yun & Choi, 2024), A A
w20 5e] L AHA A AEH A B jjH o2
Z7M71= AZ2= FRIEItH(Lemola, Perkinson-Gloor,
Brand, Dewald-Kaufmann, & Grob, 2015; Li et al., 2019).
2| HERRA oA = A A ARg-o] EA|H I} ] A
A31E o8 dl&sttta 215 ¢ith(Han, Zhou, & Liu,
2024). 53] 3t HAUS O 2 A= ] Baof| A &
nhEE A}-S o] F ohet 25 0] FHAE FaFE
n] ATk B st i) AnkEE AHg A7k 442 S]Lo| A
A g5 o] £9tom, 53] ofshiol A 1 dnAo] FEe AT
(Cho, In, Park, Park, & Kim, 2023).

Fau7)o) JAAZLE $8, Bk ABYA S T
R H7hE 59Otk AL oo R SuME AT g4l

o

e BAE BHT HYITENNE Sl we
7Hg WA AT AR 2E L0t BL HEHO

S99 & 1t

2 B33} Qi (Mathew et al., 2019; Becker et al., 2021).
o5 Aol w2 m SRUEAL BAH SUAZ BER
oA Rl 214 453 34 2 S elo] wrt 2249 9
S A, B3] 257 7 FHeE] BUAE W2 =4
A2 24 28 AE ol AR A NHET B 2GS
Z7PA71E Ao A TR A AT 3
77 A S AET H o A AT 9 ek Aol
e ATLEE AFE TS AR Fo] o] B2

S 2 AEHY A0} BohE A3 AR GHEA
golE itk (Lemola et al., 2015; Li et al., 2019; Han et al.,
2024). o]l £ AT S5 weke] FS AV NAS
vhgaE, AnkEE Mg e ) ARE PEH R AF
7]o] et A7 AL AEH 20} Bek AT,
oA AVHEE AME, 4, BAA% ko] BAKS T
o] A7) 4 shels]o] Yo}, et ADIEE AFgo| SILE o]
Nz A Ao Bekol] Fake vAE 1Y A2E FRAo
2 ZIRE A oM S&SHA e, 71E A2 A
A=A gt 53] Becker 5(2021)9] Aol = +HH
Y el w24 237 gebR] = 5 SJLY wivf A
olgd WFer ’““‘5]7] ojFh= Fol A71= At £t

-

HPATES YRR FUATHL T8 A4 SFolt 1
g 502 24olol AAIGE mE JEE FBA
2 WHgSHA] Rcks B glol, olaat 24 WAl a7

A1} Ao = A oFS 2T 4= Utk (Caliandro et al., 2021;
Roenneberg et al., 2019). oo B H1= 2024 A|20x} A4
A7 3P| 2 H(Korea Youth Risk Behavior Survey, KYRBS)
AR FEoHo], ATEE A}go] SLE B3] Haue]
AETA R Bek 520 v A v EI1E Selat At g,
o2 Fa) H2de] 2HlelE mekal YA ko] T2 o

YL Fer, 2 724 22 2 A v]efo] A4
A& 95 AR RE ATIHTA B

& AT FEUR AaE 9 AnEE ARgo] FAl7el

B el Al SRRER WA RIS AF5A AR
Holom, TAHe BHe et gt
A ST ASATL SAREY, SEd

o520 HEE Tl
AAYe] Aube EAo] U2 AnhEE ALGARE 40
A, AEH A 9 Bolo] x}o]E H|wlt}.
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« ANLEE ApgAIZR] AEH A Y
BA3HI, o] AN SHBE o

S},

oN

)

t}h. #4202} KYRBS AR} (KCDA, 2024a) 2 0] 83}
2ol

2. 972y

£ ¢47.9] 0|22 232 Baron3} Kenny (1986)9] w72
o 4% A HYAT NS B2 THSAT AntEE
AGARES EY WS, SRMEA L TS, A% A E
9l AEd A0} BOLe FEHWUAE AYSHch 4, Sud,
AAE, AN E, £F BFUAZE, SRS R, AT

55 =T STHFLE FAISHA-

=T

d

3. ATRE W AT

= Y2dse) AZAEE setsly] alel Auwald
(Korea Disease Control and Prevention Agency [KCDA])
I} WS-H 9] #2023} KYRBS QAJALR (KCDA, 2024a)E A
A= 370 9 ] A ol w2 Esto] 8530t 94
AFR220259 108 A w2 oA o] 84k &2 At
E7A WA

2 2A}e] mARhe 2023 49] 713 M| Fohi %
sk s foln, EEAS L mTre) 23], i W, ER
o] 32 WA= ol ol gt wTe] F3h BA AL 1774 4]
CEEUEA], SAEA, FAGOR FESHAL A A M2,
SHL &, QI 7, BB, T8 258 52 LEE F
11770 & ottt T2 vl 2 A ol A F3HaL 40074, 35
SHL 40071 & A AR, B & DA M= S
22WE Agslo] 13} 22092 L8, 24 22092 5
@ 1) SHe Aol A st A9 she) BE ShA

s
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2 o R 2ALE UAISHO N, BT A4, Bl U 2
A% ol S Aelste] A 24} oA 54,6537 0]

BaolA 2% B g SHol WA
2024a). o]e] £ AN Auby B4 BHL
5465372 ZRSIOR, wi|EE E4o] Bagh
A2 At 487573 HE BA o2 Seic

=20

(Chi et al,,
AxARE] Y el Buv} BgdsAL
ARy dteke] vl a7} of 2 ol 9o, & Aok ARt i
A5 B4 A AT KYRBS 34| 4] A7) 7128 2
T3le] H4E X gt AEFSIATHKCDA, 2024b).
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1) AnkEE AL AIZE
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gk, AP AF-E(Jeong et al., 2023; KCDA, 2023; Lee et al.,
L ks E

A5 ZA o wet & Ao A= FYsHA 285kt
HEQQ o] A =91 Generalized Anxiety
Disorder-7 (GAD-7)& o]-83}o] A3}t £ 78422 %]
2R A S B S AE §LS(0%) FE ALY Y
(34) 744 47 Likert 3= 2 §H3I=F 1= o] §lom, 2t
B3 W48 Fhelo] 0217 W )e] FHE Al 4
7t s B o] 232 Yrlsh, 0432 F A& 5,
5~0-2 A 45, 10-148-2 7 2, 15-2142 Az}t
T HEQHTNRZ 103 o> 5% o] HELHol
£ oJulgtc}(Spitzer, Kroenke, Williams, & Lowe, 2006). 2

FOHE GAD7 248 Q442 Balo] 24313tk

2 o) Qb 2

AES 4 SH AEE IdE B85t g 9 &
H e Fouet WA 15, E43kaEetal F 37
2 P40 slon 2, Shmge] hE Aolg 17| 9j8) Fokn
o} mEetwe] ) WER ARESAT 20 oA
BASH A4S A S Azol|lA &, TR F L
%, F5F o o ok A RRake] ) WA theskehelr
7% 35uATe WUl B UL AL o)
sho] =HEATHAIZE B9l S AREste o, o= =HAITE A}
A7 A7l A= daFe HAFsH] flal 3ol 23
S Eat Aol po] 2Aste] £ Bt AL 84
ZE ORI B FESHT, 8AZ H|TRI B B ESH
o2 ojRalste] SPHss 7S BA AT A NSk
(Owens et al., 2014; Paruthi et al., 2016). A H &% “A|t
79 &% B F 602 ol =l Hol E HEE 5% ol

o917k e Bael et SRS BT 739 ol

= ALFIAL. 5, 8% AES A% Gk 3 3H A
S8 AUT, U T SUR 9B WAPEoR TR}
i}

5. XBEN

& A9 Ak== SPSS/WIN 25.0 34| T2 75 AN}

AN HHAS | 0i7HF 1t

of AAISHIth B4Y A LeARAE BHELYA
Yoz Eo] 2EHgonR, WIR YA AT B
FEEAA AR Yol vfe} BRELYA 922 53
B, WEhs, 7150 W SRR AR AL o] g3 B4
shich

SaPe] Qura B The B L 7HEskE A g ME
S} 7hEokE MELE HASHT thiAe] AnhEE AL
Zh SRAEA, Aud, Hoke] REES sjolst] 919 7

ST WL BE O, WEES TG om, A

202 ogate] S w2 F0 W4 Kol g vl st]
R AABkT Bar 2
3} §:943k Zpol 7k Lbekit o] A= Bonferroni 54
2 A AT BAS YAlste] W 1 B Aol S 3712
Fohe). AnkEE ALGARET} AR BAA 4
WER WAEIE AES] I BREE AGAAR
2 Sastoch AARPNE A, Sag, Fuz
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d

%
H#
e
e
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i

QHH, 5% BRAL AALE, FA 9G5S

SAIBEE o, w7 & 7ke] §-9]/4d-2 Sobel A&
Hante] SAA fodS Erletant e FAA A
AROE {42 o 052 7|F 02 dlglon, A}
3t 9 2231 3 AAIG, RELLA, 95% A= TS
A A A8kt
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Fad A7 22k A= 200597 H AJZHE o] i
5, BAEA R, Ay o] v d e3sta gl A He
713822 LS (IRB) 9] &4l ol Al ok &
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TH(IRB No. 2025-ICCU-IRB-05).
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ol

2 wkokom, ‘AF 11.8%, ‘3 10.7% <=0|glth. S H =L
‘27 0] 54.3% 2 7P Wk, ) 32.8%, ‘AF 12.8% &0

Vet $5 34RARS 71202 SUFEAS HRS

A}, 8AIZE H|RHe] BRI 0] 85.6% 2t F-E-S X5t
At XA g 2L 53 oA}, FF 607 o] Fof Hol
S AR 5ot 1 3He EEo] 55.4%, 1 u]vkel H]
Sl 10] 44.6% 2 et S Ao Qe AAEL 7.8%
gon, SF AHo] Y= A= 693%E FaW Y Tt S
F 7 E o] AUSiTh(Table 1)

2. HEXtS| ADIEE ALEA[ZH +HHES Y, AER A

FEUHE

A9 7 Pt AEE AMEAIZHS 5.3940.034]7H0]
gom, gL B 1.89+0.01A7F.2 BHolE| et BHAFA|
AEHA $22 W 3441005802 F7F o]} $320]

31, B9 HF 11.4540.039 0. 2 F 55 o|Ake] Beh i 9o
333}t ch(Table 2).

A
[=

TAFRLS] AFE E AL A|7HS A (=214, p=.081)3} 8}
A (t=2.06, p=.088)0]| w} FA A o2 {23t Atol= ¢l
o}, 59 A (t=5.94, p <.001)7} 23 A E (t=3.15, p=.046)
M= Fet Aol Byl TR E SF FHo =

A3 A AntEE ARG Ak B AT B3 Bl A

Table 2. Smartphone Use, Sleep Variability, Stress and

Anxiety among Adolescent (N=48,757)
Variables Me?::;?érer;ent M=SE
Smartphone use (hour/day) 0~24 5.3940.03
Sleep variability 0~10 1.89+0.01
Stress 1~5 3.441+0.00
Anxiety 0~21 11.45+0.03

M=Mean; SE=Standard error; Min=Minimum; Max=Maximum.

Table 1. Differences in Smartphone Use, Sleep Variability, Stress and Anxiety according to Participants' Characteristics

(N=54,653)
Smartphone use o LK "
Sleep variability Stress Anxiety
. . Total (hour/day)
Variables Categories ot (% + ) s s s =
o tor tor tor tor
M=SE M=SE M=SE M=SE
v) p) ) )
Gender Male 28,090 (51.5) 4.20£0.08 2.14 1.89+0.02 0.79 3.23+0.01 773.63 7.10+0.15 1.02
Female 26,563 (48.5) 4.12+0.07 (.081) 1.88%£0.01 (514) 3.52+0.01 (<.001) 7.03+0.13 (.302)
Grade of Middle 29,087 (54.7) 4.14%£0.09 2.06 1.92+0.03 1.02 3.40%£0.01 10.28 7.06+0.20 0.98
school High 20,986 (45.3) 4.19+0.07 (.088) 1.84%£0.02 (.301) 3.36+0.01 (<.001) 7.09+0.18 (.326)
Socioeconomic High® 6,329 (11.8) 3.90£0.10 3.01 1.91+0.04 213 3.25+0.02 125.05 7.01+£0.23 1.89
status Middle® 42,245 (77.5) 4184007 (051) 1.88+0.02 (086) 3.32+0.01 (<.001) 7.08+0.16 (121)
Low® 6,074 (10.7) 4.28+0.12 1.95+0.05 3.56+£0.02 c>b>a 7.22+0.25
Academic High® 7,027 (12.9) 4.06£0.09 3.05 1.87+0.04 3.02 3.38+0.02 16.36 7.00£0.18 1.89
performance Middle® 29,655 (54.3) 4.1410.08 (048) 1.90+0.03 (049) 3.35+0.01 (<.001) 7.08+0.17 (122)
Low* 17,968 (32.8) 4.22+0.10 c>b>a 1.92+0.04 c>b>a 341£0.01 c>a, b 7.19£0.21
Sleep Insufficient 42,748 (85.6) 4.19+0.08 1.92 1.90+0.02 1.94 3.51+0.01 359.39 7.14%+0.17 1.85
sufficiency  Sufficient 7,765 (14.4) 4.13+0.09 (127) 1854003 (123) 3.25+0.02 (<.001) 7.04+0.19 (.131)
Physical Inactive 23,970 (44.6) 4.18£0.09 2.02 1.92+0.03 2.63 3.40%£0.01 16.67 7.09t0.18 1.95
activity Active 30,683 (55.4) 4.13£0.07 (.079) 1.88+£0.02 (.009) 3.36£0.01 (<.001) 7.05£0.16 (.103)
Smoking No 50,442 (92.2) 4.15+0.08 5.94 1.911£0.02 847 3.4310.02 24.81 7.06x0.17 6.98
experience  Yes 4211 (78) 4324010 (<.001) 2.04+0.04 (<.001) 3324001 (<.001) 7.2840.19 (<.001)
Drinking No 16,655 (30.7) 4.19+£0.09 3.15 1.90+0.03 3.90 3.44+0.01 10259 7.09+£0.18 3.02
experience Yes 37,998 (69.3) 4.12+0.08 (.046) 1.88+0.02 (<.001) 3.32+0.01 (<.001) 7.04%0.16 (.048)

TUnweighted n; *Weighted %; SBonferroni test; M=Mean; SE=Standard error.
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of whebA BAF R §ofdt Rpolr} hehitom(F=3.05,
p=.048), A}% B4 A3} st A A 8} Ythe] AnfEZ ALE
Azko] ‘% 9 A Heteet fofalA A sick

SILL shI A E, AR T, A L 25 FFo et 54
©.2 gofgt 2|2 Bk S A $E(F=3.02, p=.049)9]

e, A AR AT GLE S YrolA B R A Hetect
olHA Fom, A B E Re 7k Kol §0J5K] ekgrt.
AR EE $2(t=2.63, p=.009)ol| A = H|ZEo] SELH
t}SJLo] B ZA UEbgth £33 &4 (t=8.47, p <.001) T} S-F
(F=3.90, p <.001) A@o] tetH = Gt Zolrt e}, &
AR 27 HW g 2dolA SjLo] o Zic

2EHA $EL2 JH(t=773.63, p <.001)o)A= g0l
G T Eekon, Stwg(t=10.28, p <.001)o A= 15
o] ZEETE AEH AT} ottt E3F AAALE (F—
102.05, p <.001)o| A= 3} 4=F0] 'F & ‘AP R} AEF A
7t A ekt on], 237 81417 (F=16.36, p <.001)°]A]
= 3 Aol ‘57 A Aetrh AB A7} folalA £
th $HEEA (1=359.39, p <.001)0] A= BZE 4w To] 2
Harr AR EE(t=16.67, p <.001)0] A& v &5 o]
FEpET} FA(t=24.81, p<.001)F 2T} S5(t=102.59,

p<.001) H]F o] AEHATF ST &, EF RS HE H]
%]-%%r —gﬂ (¢} l:lo] ]‘E 7‘(:]1:]'01]/\1 )\E—L"“/\ )\ZO] ‘IT"]O}‘}"
=9}r}.

EQF2 S 4(t=6.98, p <.001) T} 2(t=3.02, p=.048) 7
o wet §oJ3t ol g Hel, FA Aol gl Hada o5
Aol gl Ha o] Bk S20] §-0l17] EAThTable 1)

4. tigxte| Anf

EE AR HAZZO| B0l £
HEN0| 5T

—

| 2AN +HHAS GOl o5 ot

o) i ETHE BIsh] SlslEgEe o
& ohgslol 36 HH1ZHE Aol 2
3 ST, A, TR LA, FEFEA A
4%, 39, 52 TUFOR EASIGT

o r

E

1) ARtEE ARG AEH A0 A oA

Ayt

LOFEE ARAIZRS SJL -9J3E A A BA S Ko, 2nf
EZARGAIZRO B 7S 23R 9 -k AR
Eol¥iEo] o £ A & Leytthp=.087, p <.001). =3 SJL
S AE A a0 RO 54 BAE B, S]Lo] &%
2EGA o] HFoR o H Aoz RIFITHpR=
-013, p <.001). E5+ ANFEZ A}E2 AEH A0 §-0]5 A
M EIE LY © v (3=.020, p <.001) ZHY EIH= p=-.001
(p=001)2 EAH O §9l3t9 o, Sobel A A} Z=
-5.45 (p <.001) 2 B2 =] 9 rH(Table 3). w}e}r] AntEZE AL
A|bo] F7FHH AEH A fEo] FolRE ARl o,

SJLo| o] BAE HEZA o 2 ujfsl Ao et

4 oip

2) 2upEE ARG} EQHe] BA| oA R F /g o] v )

AUPEZ ARGAIZEE SJLI} 203 4] BAE Hof, Lof
EZARGAIZEO| B2 A5 AR Ao v 2
< B GTHpE=.087,p <.001). SJL-L Bt 4227} G- o|5H HA 7
AE Uet, L] 2 Fad2 AdF o2 f Y2 2
25 UERTHp=-.058, p=.001). T3+ AN}EE A-g-2 Bot
of -9t A2 AP anE v e (p=.112, p<.001), 7+
HEI= p=-.005 (p=.001)2 TAH & 22 723} 21, Sobel
A7 At Z=-5.26 (p<.001)Z 1= th(Table 4). w}ztA]
ATFEE ARGAZEO] Ao H et f230] o] H, SJLO]
o] AE REA o 2 ujAfshe Aoz Yephgrt.

o)

Table 3. Mediation Effects of Sleep Variability on the Relationship between Smartphone Use and Stress

Path B SE t p 95% CI

Smartphone use — Sleep variability (a) .087 .003 27.84 <.001 .081~.093
Sleep variability — Stress (b) -.013 .003 -3.82 <.001 -.020~-.006
Smartphone use — Stress (c') .020 .002 11.08 <.001 .016~.024
Indirect effect (axb) -.001 .000 - .001 -.002~-.000

Sobel test: Z=-5.45, p<.001
R*=.055

SE=Standard error; CI=Confidence interval.
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Table 4. Mediation Effects of Sleep Variability on the Relationship Between Smartphone Use and Anxiety

Path B SE t p 95% CI
Smartphone use — Sleep variability (a) .087 .003 27.84 <.001 .081~.093
Sleep variability — Anxiety (b) -.058 .017 -3.42 .001 -.091~-.025
Smartphone use — Anxiety (c') 112 .010 1148 <.001 .092~.132
Indirect effect (axb) -.005 .002 - .001 -.009~-.002

Sobel test: Z=-5.26, p<.001
R%*=.062

SE=Standard error; CI=Confidence interval.

=

FO 2 AUEZ ARG, ST

BAE Sel5ka, AnfEE ALgo]

S EA o] uf/f & 7HS uho}
E}

ARIe =, o= 4

AFgol A5t 9122

(e} e)
=]

= AlARgHTE SJLE
£9g gato R g A2
SJL& oF 1.88A17te.2 H 11 E of(Illingworth, Manchanda,
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