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PURPOSE The purpose of this study was to investigate the association of physical
activity level with insomnia severity (Normal, Subthreshold, Moderate and Severe)
in adolescents and to use it as a basis for insomnia prevention. METHODS This
study was conducted on a cohort of 50 adolescents under the age of 20 (19
males, 31 females) recruited from Hospital N in Incheon, Korea. Participants were
categorized into groups according to the severity of insomnia in both males and
females using the Korean version of the Insomnia Severity Index-Korean (ISI-K). The
Korean version of the International Physical Activity Questionnaire was also used to
calculate participants’ weekly moderate and vigorous physical activity. RESULTS The
participants’ characteristics did not differ by insomnia severity in males, but there
were significant differences in weight (p=.008), BMI (p=.019), SBP (p=.004), and DBP (p
=.019) in females by insomnia severity. In male adolescents, there was no significant
difference in the amount of physical activity by insomnia severity, but there was a
trend toward decreased amount of physical activity with increasing severity. Among
female adolescents, there were significant differences in the amount of physical
activity by insomnia severity: moderate (p<.05), high (p<.05), and moderate-high
(p<.05). In the unadjusted model, adolescents who did not meet the recommended
amount of physical activity (150 minutes per week) were more likely to have insomnia
(OR=4.67, 95% Cl=1.34-16.24) than those who met the recommended amount of
physical activity. The model after adjusting for covariates (gender and body mass
index) also showed an association between the recommended amount of physical
activity and insomnia (OR=3.94, 95% CI=1.17-13.28). Negatice correlations was
found between insomnia index and moderate-to-vigorous physical activity (r=-.357,
p=.013). CONCLUSIONS Adolescents are approximately 4.67 times more likely to
suffer from insomnia if they do not meet physical activity recommendations, and
there was a negative correlation between the insomnia index and moderate-to-
vigorous physical activity, suggesting that physical activity should be increased to
reduce the insomnia index.
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A5 Z2 1A ERold, I E7], EUSS IFYo o EAYSH= HHEAol1 T el 4=
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2 53] JHH R vol7} HAY ool A E5tA vEu, o
£ F93 FATH Fof(of: & Foh)et vttt fEES Uetd
(Hysing et al., 2013; Roberts et al., 2008).

Aadrlols 8 9 ARRE g7 AR AL ofFof o] &
o7 Qlste] I 9 714 Azl EFA Aol AY 7] w2ol
9 Psof et "t Aot £ ol FRA EHSS
o] Z7IsttHCrowley et al., 2018). ©]&|gt = o
S HAsk] oA FEA A& Boke artQl
o] A7} AYS Aol FAlET} FastH, o] U A
Al 217 ZiAe] didgt G vA7] Wil =
F5 MYo] A= HLunsford-Avery et al., 2021).
AgAtol] W2, EAHS S42 chronotypel® E7EE
A9y H2E(G2% vs oF-AY F24F: 34.3%, oF ! 18.0%,
p<0.001)°14] & Wo] Ueptow, Auy JAHEL FA4 9 P&
A A f1AE] $70k= Ao & BAsHIrk(Li et al., 2018). T
gl S5% oY EHF0] Sl o2 EHSe] gl o4l Hls)
S AASHIA, ozt 1 AlZE A FA A7 JETE 7L
SHAl RA U on, &5, B9 AEY A, R ES M §
9JlA =A Rustth(Karbasi et al., 2023). H<°], Mg U<
COVID-19 HiH9 02 ¢Isto] AMS]H 1y} AT FE & Qlste] 4l
AgsFo] oA AN 178 Y] A& 082 EHFO U
ES 771 5S Halsto] AlSH 1S sjdoks A EE 4l
ALEFS 712 2& BarstgrHMojsa-Kaja et al., 2023).

AAGES FHH 0 R HAISHA thgst A7 o]do] k= A
2 H T ohgRt AG-E Bof IRl &= Qv WS I AAg s
o] lot= dA-Eo| F Hav) HAL Qloh Agdto] ofsid,
EUSE Aot W AAEEE 591 Al Beoks 2ol 4
ojn F5k ol AL AAEEE = A2 AsHiol -
a3Fo]7] wjiZol E5] Fa5t1 BISFHTHLim & Lee, 2024). &
gt Y 1508 o9 ST AASEH HUARG et 671
MAATE AT A1 EUS S &7t fYstA Hdastile
o, Alg] ARl EQt S-2oM e Fogt AT UEhY SAH o
2 I Q= A EHFE EUS /Nl axtdolet B ske]
tH(Hartescu et al., 2015).

ShAEE, ohrgt dtol] MEW F24 AASE k= 0] EW
% A= FAHHCRE Ego] E £ Qe AR UeARt EH
% A Z=(Subthreshold, Moderate 18|31 Severe)o] w2 J3}oj
oA = obF] &7t o] FojA|A] ghof, EHFOl gt AAZE
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Table 1. Characteristics of the participants

= 25 i 44843 5a3E © & mofobr] Yo L FH A
TolAE A W Aol ek A4S sfoRetthal B skl qlrk
(Robinson et al., 2022). W2}A] o] 79 BHL H4AHS

2 EUS o] wet AAZEF Y didS AL EHS o
WZ 913 7|2 AR R ARESHET] H240] St

ra

T
A7y

o] A= UAFGA N B4 20199 AFL2AA ER
FLE AFNA F AR 40,5879 5 2041 wlgt H4W 50
3 197, o4 31%) o= AP= it o] dlojEHojAt N 1
A 977 ®e} blo]E(NIHMID)E 7|Wte & 3 $3F4 AT Ed 9
o Aoz, folge H4E HEHeng Yzt A Fole
H&=|7] gkolktt. NIHMIDOAE &84 87+ BAst7] {1 vl4]
HstE IDE Fojote] /iQ1 AEAE Aokt whebs AFAES
N o] AR EE A HE AR gk AP 5o s &
7] Y], A 2A o g NIHMIDE A3t 713 412]91¢
3]9] 5lo] "asirt. oof whe, o] AT FHdista 71
24121 91 Y 3|(KWNUIRB-2019-07-009-003)2] 51 4Tt
A EAJL (Table 1)} At
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1. AA A&

HE A= AA ASS AAstaen A%, A% 121 5
2l&d(waist circumference, WC)E &%oF3tt. A4 A5
Inbody 720 AE E47](Biospace, Seoul, Korea)E AR&-5}o]
27k 0.1kg¥} 0.1cm B2 7|23ttt A AFA(body mass
index, BMDE AF(kg)E A (m)9] AlFOZ o] A4lstAt.
slglEdls SEHoNA 7P ofdiE duwet a2 Yol 1A
st E25 AHgot] 4ottt @ (blood pressure, BP) $42
Z=7](systolic blood pressure, SBP)2} o]€7](diastolic blood
pressure, DBP) 5% i} @F2 AAZ 108 oJ4f FFAEHE
FAISHA sto] 3~43] S7o10] WatghZ S5

Variable Total (n=50) Male (n=19) Female (n=31) p-value
Age (years) 18.86+0.35 18.79+0.42 18.90+0.30 270
Height (cm) 164.57+7.48 171.96+5.40 160.05+4.27 <.001
Weight (kg) 60.11+10.60 66.31£9.99 56.31£9.18 .001
BMI (kg/m’) 22.09+2.96 22.3242.54 21.9543.23 .681

WC (cm) 71.44+7.63 75.2946.60 69.08+7.35 .004

SBP (mmHg) 109.22+8.42 112.53+7.86 106.26+7.96 .023
DBP (mmHg) 67.58+7.19 70.47+8.62 65.81+5.60 .024
IST (Score) 8.22+5.06 7.58+6.03 8.614+4.42 488

Values are presented as mean (standard deviation).

BMI: body mass index, WC: waist circumference, SBP: systolic blood pressure, DBP: diastolic blood pressure, ISI: insomnia severity index
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SHtolut EHS 55 % A% (Insomnia Severity Index-Korean,
SR AR, S A9 ol2ie, ol ofl 24, WA 4

A wEo] tiet =, A4 7159 el o ZAIR QEE wol 5
= B7toks 77H] FECE FAEH
of Qlct. o AT Thatel e 2B FFES Hrhsl)
1) ISI-KE AHE-sF3tHKim & Sung, 2017). ISI-K9] 7t 52
0~44 Hr & Jp7h viAX Y, 382 0~288 2= Havt =25
S B30 5 4R8I § 1K Y4k dysos 4

ugt 230 gl A% 0~7HEA), 7€ ‘:‘]U} EHE2 8~14
(ke EHD), %E EUSE 15~218(F 6% BHS), 35 &
A5 22~28F (At EHF)9] 4TAR & 0} 1'/}(Bastlen et al.,

3. AAE ST &4

o] A= A AlA| &5 HAFEA|(International Physical Activity
Questionnaire, IPAQ)2] g=to] ¥, IPAQ =% "ol A5
g2 GubERl A5 59t A7t #el A AR £ 7 &
Zoa pAH [PAQE AW 7947 F-1 3 EAAES(moderate-
to-vigorous physical activity, MVPA), 7], gtobA] sh= 350
4289 F A7 S35FUTHLIm et al., 2020). 27], S & 4l
A E5(moderate physical activity, MPA), 2283t = 414 &
(vigorous physical activity, VPA), 4] 35(F% 4 3T %0} il
oFSl= AI7H9] A& AITHAIA &= E AT Bt AlZhell gt Z4A
g RS ot E WESkEo] ity HEA|ol= A S
Zrot AEg AA &5 7okt Eeol Hie FAIARL A7t
23Eo] Qlek. 7 FHE (A e A=, S A, A7)l thgt S

< Aol 3 & AR B A7HS AT

A A=

EARAL SPSS-PC(version 29.0; IBM SPSS Inc., Chicago,
IL, USAZZIHZ o] &5t3ich. thgAE FAdT o4& F&st
of AAH E4AX1F, A%, BMI, WC, SBP, DBP), 44| &5&(F
51, AR, F-1705)S EHE Ao Wk One-way ANOVA
£ ol&oto] B4t FYuigt Zo|7t Uehd Afolle A &
4] Bonferroni 4<% AAIste] EHE Ao o Alolg &Rlst
Act. F-1BE AA ST BEHS ALY dEEA=
Correlation CoefficientE ARE-slo] 435} t}. Binary logistic
regression 4% AASto] AAEE A7t BEHE010] AWAS
AR oH, o]gt Aol tigt Odds ratio(OR)2F 95% 412 +
7+ BAsket. W AAEE ARHED 1508)E 55k 7i9]
07 F4E WA dEo] A £49) 7o E 5ol B
7 BdoA= 3Rl A 9 o) 2= AR 2825 E
>25)& sto] EA5H e
7 FRIEZY &4 A= Yo (e %7kl digt m

ZH A (standard deviation)® AF&359on, EA414 -lc-l’—o 2
5% W|FFO & oFQiTt.

Pearson

EUF Ao e AAH 54

EAS Axo wE ¢y
(Table 2)%} 2t}
LE A ol EUS 5% A4(Insomnia Severity

Table 2. The comparison of body composition according to insomnia severity index

Variable 5 Male (n=19)
Normal(n=10)" Subthreshold(n=6) Moderate(n=3)* p-value post-hoc
Height (cm) 170.28+5.81 174.83+5.24 171.83+1.84 278 -
Weight (kg) 62.16+10.37 70.07+9.48 72.60+0.90 153 ;
BMI (kg/mz) 21.31+£2.61 22.85+2.29 24.60+0.85 116 -
WC (cm) 72.84+7.63 78.20+4.84 77.64+2.83 242 -
SBP (mmHg) 118.90+13.4 108.33+10.0 106.0+£10.39 151 -
DBP (mmHg) 72.10£9.14 70.33+£7.84 65.33+£9.24 S17 -
ISI (Score) 3.00£2.71 10.00+0.89 18.00+2.65 <.001 a<b<c
. Female (n=31
Variable Normal(n=12)" Subthreshold(n=16)" : ModZ:rate(n=3 )’ p-value post-hoc
Height (cm) 159.65+3.66 159.66:4.52 164.67+4.92 312 -
Weight (kg) 55.88+8.22 53.88+7.84 70.97+7.84 008 ab<c
BMI (kg/mz) 21.88+2.59 21.13+2.87 26.67+4.37 .019 a,b<c
WC (cm) 68.55+4.99 67.83+7.92 77.83+8.52 .088
SBP (mmHg) 95.33+6.68 102.69+8.36 113.33+11.72 .004 a<c
DBP (mmHg) 63.83+5.69 65.81+4.71 73.67+3.21 .019 a<c
ISI (Score) 3.92+1.93 10.75+1.69 16.00+0.00 <.001 a<b<c

Values are presented as mean (standard deviation).

ISI-K score: Normal (0~7), Subthreshold (8~14), Moderate (15~21)

BMI: body mass index, WC: waist circumference, SBP: systolic blood pressure, DBP: diastolic blood pressure, ISI: insomnia severity index
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Index-Korean, ISI-K) (Bastien et al., 2001)§- o] g5t EHZ
AT oI o] AFolA ol FAUES FT o=
TEote] EHS Ao wet 15S FE6H E} @99 A A
(normal)°] 109, 2Fst BHZ(subthreshold)?] 61, £5& EHZ
(moderate)°] 39 18] A5t EHZ(severe)S 0H O 2 LIEGT]
o] A 9] A9 AHAHnormal)o] 129, st EHZ(subthreshold)o]

6%‘, S5 EWS(moderate)o] 38 181 43t EHZ(severe)

© = yEhlth

‘E&L‘é«] A EWS Axo et AAH 542 Aol vE
WA ok AEE, o9 A BT Fxol wet AF(p=.008),
BMI(p=.019), SBP(p=.004), 12|31 DBP(p=.019)°l1A] F-<Jgt Z}o]
7F Rttt ol=gt f93t Aol BTG = AdeE A U
Epyiet.

WS Ao nE AAEET

EUS Aro w2 FAT o Frudo AXEEFY] Ade=
(Figure 1)3} Zt}.

389 AS BAAGY ST AAEETHFS )
156.72%, oF3t W&t 98.33+39.718, $5& EHS
o 80+69.282 0% et 1L AATFTFHS FAR
152.26+106.65%, 2t EHZHT 125+74.778, 55 B¢
A 100.0+£91.65% 2.2 Yetgon, S-173r AASsHF
AT 326.0+241.16%, st EASHT 223.33+£107.83%,

N
O{N ot oN L omX M

min/week =Normal = Subthreshold = Moderate
400
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Fig. 1a. The comparison of physical activity levels according to
insomnia severity index in males

Sk EWS It 180.0+£158.75802 YePGthHFigure 1a). B4
Jado] 49 RS AR 12 AAEES FI8 Rol7} thet
U QoA RS 84S AARETe] dashs A%l Ut

O%M A AR FAE AASEFL FF 12091+
132.28%, oFst EWZHct 31.88+47.082, 5% EWZ A
13.33+15.28802 Uetygth, 14T AN sHF 4
147.24+130.74%, 9kt EHSAT 50.63+87.97%, S5 EH
% A 10.0£17.328 082 Yo, 3-17 % AAZsHS
AT 268.18+242.58%, oFst BHS AT 82.5£121.308, 55
T EWZE ok 23.33+32. 15808 et} o HAWo] AL
EUZ Ao E AASEFS FHE(P05), TFE(p.05) 1
I F-0E(pL05)lA |3t Zfo7t YEt T EHS =Tt
2 A 5TFo] FootA Aot th(Figure 1b).

o

TAAL (Table 3yl et ict.

%Oﬂﬂi B AAG T (FF 1508) AlE 5
= J-2(0R=4.67, 95% CI=1.34-16.24) B A4
5 AE F5SHE FAdEY EHS] =&E 7HsAo] H %91‘
ot 9% *Jiﬂ%i AFE FEIA] G2 4P BT kE
678 o A ettt 3t FHF(EE 121 BMD
E%_‘OME A AASE A7} EHSIH AFAAE

rlo
N oxt &2
|~> FIO
r_m

o
b
oX,
o,
-1011 e~

min/week =Normal = Subthreshold =Moderate
350

300

250

200 %

150

MVPA

Fig. 1b. The comparison of physical activity levels according to
insomnia severity index in females

* analyzed by One-way ANOVA: * p <.05
# analyzed by post-hoc: # p <.05

Table 3. Independent associations of objectively measured physical activity with insomnia in adolescets

Unadjusted Adjusted"
OR (95% CI) p-value OR (95% CI) p-value
Physical activity
Engaging in 150 min MVPA per week 1.00 1.00
Not engaging in 150 min MVPA per week 4.67 (1.34-16.24) 015 3.94 (1.17-13.28) .027

OR, odds ratio; CI, confidence interval; MVPA, moderate-to-vigorous physical activity;
a: Adjusted for sex (male and female), and body mass index (<25 and >25)
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(min/week)

R=-357,p= 013

600.00 .
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Moderate-to-vigorous physical activity
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F

g. 2. Correlation between moderate—to-vigorous physical activity
and insomnia severity index

WEPFTHOR=3.94, 95% CI=1.17-13.28). B4 Fox= A AA L
T AHE S5 5t AP EL EUS EE 7430 3.94
v o &7 Yepgth

o] 4
AR EI BRI AT AL

EUS Aot F-2F e AAZE Afolole

p=.013)7F YePsIT.

EHIA o AAE

= (Figure 2)9} Zt}.
A AT EA=-.357,

=2

o] ATOINE HAd oS o BuE FEoh AT
o] ATAE EAG AT ARDEF ALHS FE5A) Tk
HolA Beige] =28 o] fshA S715H R0 ekt
g20] o Jauo] A9 Buize] rol uet AHYEF Akl
KOI5HA Aol7} hehtom, BRI AT 401 o 24 4
7L Ueht $9% e 84S AATETF 247t ek

Z o= Y7 E
Aade] £ FAE 9 U] A7) obd e 1A £4
(FH3 A% FANH E= 4738 o) BHtoty] wjge] ZEst
ZF97F 4 231tHBruni et al., 2024). o]t O FA|= thofsth
ATE AR EHSTY] A H Ad/do] HuEl glon, 5=
WOl A N 2 EHT TTEY Hao Bo] Slrk= Aolth
(Lukowski & Tsukerman, 2021). EHZ9] 4 Hol= Hohe
AIEA ZARJN 25 Furt #3%om AAEEF das B
StIHLiu et al., 2023). E3F EWF50] A= 2 SAE HFo=
g AFollA = o] =2 FHES AASE F=, 121 A
1—] AW 247 W-sl gelo] 9vkn ¥ 15t tHombali et
., 2019). AgAto] 9Jotd, AA S5 FEo] W2 B +HI
é‘o] 4 &5 ™ol 1.37807F =A veErs e H(Li & Li, 2022),
AAGEH A1 71E5 50 HIAES 7 AR B¢ E5A
Zbo] F7bstal W& A= AlZko] 0.65H] @2 AC & UEhyith
(Loprinzi & Cardinal, 2011). °] oA = EHZ A=<} A
FEO A Ao] UEstth Eeh B F|R] o2 HEoA] E%

|o

kjss.sports.re.kr

AASETF (FF 1508) AIREe %é’f'? A 2 J4d2(0R=4.67,
95% CI=1.34-16.24) W& AAEE A{HE FS5ote FLdETH &
Aol =52 7HsAdo] 4.67H E1 A vebston, BP(gE 1
23 BMD) & & HdoAE A% AASE AtY EHSHe] Ad
*éE L}E’r‘;«}‘:}(OR 3.94, 95% CI=1.17-13.28). A4 &5F0] =

o] gt} Hlawsto] AA RS o] W At 2.78
HH, ’5121]%}% —’Fiol 5 tidAE 1.494) =19 Aol Ashrt u
B, W2 A e EUSS fEcte U9 dS Holxy
= 98 gRlo] & 5 9}—— BFATKLI & Li, 2022). E3F, Foti
et al.2011)2 EHUFE AYsH] A= AAEETTE =01l &
FAIZEE &0l Aol FAET avd Agiolztal Albshitt.
SEAIRE, A AASE Be E52 7HHE EHS A9 £H Al
7ro] 220l IS PR u, A EE 220] AFsl WEAo
of2]gt LA o tigt 71 2AHY /S &5 THRobinson et
al., 2022).

o] A= F-o] FAadE9] EWFS F=ol wet HA, et &9
%, Tk USSR ER AFS AFSH. 4 2E0 w
gt 4= AAZE(MPA), = AABE(VPA), 181 F-17
= "Jiﬂ%"i(MVPA) ZAbL T WRAGE A 1 AT e
d AadEoME FAT Aol7t UEA] FAAT 2SS A5
tHEZSSE A 11]%}5301 Fasshe 4ol YEbET 04*3 éilﬂ
=9 BF EHUS A7t w20E AAZETl FostA Fastal
oj2fel Aite A4 FLUEY AARAGT BEo] e Aor
AZPEe F2 Aol o) A EWS Favt 2205 B
Z A7t 2255 A%, BMI 181 WC7F S7FItHLim & Lee,
2024). £, S Aol F st wHad FEgFoR e v A
9] 70%7} HRte] oW, 11 F 20~70%= BEUS S EAtt
(Ong et al., 2013). B&o] =19 Fo| F2] ZT thAAte] 3 Hl

FS O gol 71, Aol 28Z SHA] F3f B4 sh= A 2
’:W' P& A2EHAE w9 AST BMIE S7H171& AR Uet
SFcHBlumfield et al., 2018). o] dFollA o4 HAWANA T AF
I BMIZ} 25 Aol w2t F-ofjE Zpo|7F YEht e oo uhf
AAEE0 o3t Aol S Btk shAwk g 4de] 48 Als,
BMI 181 AAZ5FA EHS Aol T2 {23t Zol & HE
WA AN o Ay Zo] EUS A7t H2E A
BMI =7 UehgoH, AAgEFAl %‘ 25hs AFE eI
Agtol oJst o] AL ASFAS 1L Behat BEio]
Ao, o5 IFE AABES SHA] §h= Ao ' YET o]
Eﬁl A2l F SR BgET 8219 A3d AR AZKTV, FHE,
gl I8 1 FHEE Q) ALA7HY] 57}E At HKolovos et
2021) S, AAE STl e IFe FEote] AR A3
5’5] ool A% AAZEFo] Rol A5 BMI 571, R 7%
oF EHZo] Z7lek= AR H1sFtHDuncan et al., 2020).
A

H

i

oo

AAR o] @] Fol o4 HAd Wik o] o BHZL
A1 9l A0 Uepdth. ofgo] PR BuZe] w3 HF
o %3 FEEe] Waph A3t A7jol7] R AF F7kE gol 1

ERdTh BE g Fadol A ot Afol7h WERLEA] kAR of
A Fadah o ooto] Yehkon of4 Hado] A9 895 2}
ol7} Ueht AABEHFS F7MIA AFS 7 % §ANA BHZ
AeE gaAAG S 7,iol‘:‘r

il
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242 A M

o] A= FAEY EUSH AAS T AU GotRr] gt
A0 R AA L ANFS FH5HA] Zold BT &d gE0]
oF 4.678) =2 A 08 Uyt £33 EHS A5t -2 E 4l
ALsFae] F4 A7 e AR sdE S7HA B9
T A5 AAAACE gt 9] o9 AL AAEETY e
AT BMI S710l A 371 Wil S-14 = AAEE A1
F ol AAgES & "art At
o] AtollA E 71A] Aghdo] qik. AA, o] AfolA EHFI
AA =379 cause and effectS EASH] o8 Yt W2 AJLE
oA A9 AAEEI EHSY LEHQ HAYS digt o 2
< A2 A Zdths AoltiRaudsepp, 2018). 5 B &
2 SA7ZINY A+ 281 YATE ST FF A7 286t
B4, 22 2717} Fot A7 {o4d-& wkol=d] gAY . w
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