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Role of negative affects in the association between outdoor light at night exposure and sleep quality
among primary and secondary school students
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* School of Public Health, Nanjing Medical University, Nanjing 211166, Jiangsu Province, China
[Abstract] Objective To investigate the association between outdoor light at night ( LAN) exposure and sleep quality among
primary and secondary school students, and to examine the pathways of negative affects including depressive, stress and anxiety
symptoms, so as to provide a theoretical basis for optimizing the school environment and enhancing the physical and mental well-be-
ing of students. Methods In December 2024, a total of 36 885 students from 154 primary and secondary schools in Suzhou, Nan-
tong, and Changzhou were included via a stratified cluster sampling method. Sleep quality and negative affect were assessed by u-
sing the Pittsburgh Sleep Quality Index (PSQI), Center for Epidemiologic Studies Depression Scale (CES-D), Generalized Anxiety
Disorder—7 (GAD-7), and Depression, Anxiety and Stress Scale=21 ( DASS-21), respectively. Outdoor LAN exposure data were
obtained from the national polar-orbiting partnership visible infrared imaging radiometer suite nighttime light( NPP-VIIRS NTL)
dataset provided by the National Earth System Science Data Center. Multivariate Logistic regression model was employed to analyze
the association between LAN exposure and sleep quality across different regions, with stratification by monitoring site. Spearman
correlation analysis was used to examine the relationships between LAN, negative affect, and sleep quality. The mediating role of
negative affect was tested by using Model 4 of the PROCESS macro. Results The detection rates among students were 13.95%(n=
5 147) for depressive symptom, 16.72%(n=6 166) for stress symptom, and 17.49%(n=6 451) for anxiety symptom. The median

outdoor LAN exposure was 28.85(19.10, 41.44) nW/(e¢m® + sr). After adjusting for confounders, multivariate Logistic regression a-
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nalysis showed that high LAN exposure ( (4) was positively associated with sleep problems (urban areas: OR=1.28, 95%CI=1.17-

1.41; rural areas: OR=1.21, 95%CI=1.07-1.36; both P<0.05). Spearman correlation analysis revealed significant positive corre-

lations between LAN exposure, depressive symptoms, stress symptoms, anxiety symptoms, and sleep quality (r=0.03-0.75, all

P<0.01) . The mediation analysis indicated that all dimensions of negative affect significantly mediated the relationship between high
LAN exposure and poor sleep quality (all P<0.01) . Specifically, the indirect effects were 0.03 (95% CI=0.02-0.05) for depressive
symptom, 0.05(95% CI=0.03-0.08) for stress symptom, and 0.07(95% CI=0.05-0.09) for anxiety symptom. Overall, 31.9% of

the total effect was mediated by negative affect, with anxiety (14.89%) being the strongest mediator, followed by stress ( 10.64%)

and depression(6.38%) . Conclusion Reducing high levels of outdoor LAN exposure and implementing interventions targeting neg-

ative affect may contribute to improved sleep quality among primary and secondary school students.
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FEAMIIAAT S (light at night, LAN) B g 41  —Ff
BTGRP e D B, 2 B AT R AT AR
FEJT AR 2 TR 5E 2 W1 3 41 LAN 5858 229/
JUTE TS A (10 B B AR e AU R MG 5 ik, 434 e B
B AR IR XUR: | ELAE R R 22 (1 % A LAN B 55
SRR LR B, SR8 VAR ) 2 Gk 1S 44 1
RABEYIRA T 65 A% 26 15 7 /0 4 B IR ) A
FAERER L, S PERE 45 T e 384 LAN 2R 5
W B R o 5 A S BRI ) 2 — o AT ST B 7R AR THIAR |
FEIETFN T RE IR S5 B PR 17 25 78 % Ah LAN 258 Al b/
S N i 2 8] P B AR A, D DA 2 1 T A 3 05
FERTF A B O RR S PR 2%

1 X&5F%

1.1 xF% WFFEIET 2023 4R VT IR 24 A4 WL A
S R 2 I 5 T 5 R w0 13 MR X,
2024 4F 12 H , REUST 2 B AL L B A 7 ik 20 ORI 9%
XFRE AT 4 2 B N T e T SR M
3 T, AR T 10 AT X mEE T 7 AT ORI
T 7 AT X BRI R B R AL AR - 2 143 B e %
L~2 Ji/NaE 1 ~2 Tl (1~ 2 Jir 3 i v ok 1 BT ER
b, et 154 BrrfuINaE 37 200 24 H/NEAE A
5T SBR 315 1A B (B FN 5 H (B I B0 ), et
36 885 44 F A A gy M, Hoh 5 4R 18 938 44
(51.34%) , 2cH: 17 947 44 (48.66%) ., WF9X 4 KK
I R 2 B I AR A 940 B 28 DR 2 ik o (A S
+5:2023ZDSYLLA456-P01 ) , BT A3 244 B H Wi h A ¥ %%
BAE R

12 F#k

1.2.1 EARFE ANH2EEARE B AEB A,
AR SCARRR BE SR A5 A7 R 5T & 45 %X (body mass in-
dex,BMI) IR & (3RIX ZBE) XA E P A = Bl
( gross domestic product, GDP) F1 A 1% i B Ak
BRSOk T 2023 45 BV 22 AR 5 LS A
M 28 W 5 Wi H, BMI = A (kg) /[ B &
(m) 17, FEFW LT A AE 5 R O ) ™ &)

SHBEAALHE, A H AL GDP SRR T 2023 4F
VLI et R B9 G 14 28 (https ://tj. jiangsu. gov. cn/
2023/index.htm) ,

1.2.2  BEMRE R DU 2% B8R B IS 5T 4 45 40 ( Pittsburgh
Sleep Quality Index,PSQI) Hi Buysse 2% 4wl , FH T3T
FEAMAR 1 AN A A B BIR S5, 65 7 S 4ERE (18 5%
H &4 HE 0~ 3 29000, BIMER N 0~21 75, 44
3t R 2 s B HIR T Bk 22 PSQI B4 >5 4 R A 1E
FEMR [R]85, AR 12 & #2 1 Cronbach o £%1°50.83,
1.2.3  GpERESE (1)ABECR R Radloff 451 4
il {4 38 98 P A AR £ 3% ( Center for Epidemiologic
Studies Depression Scale, CES—D) , AL 58 X G2 4 2
1 AR, RSkt 20 N H A 16
ANTHRIE IS A 4 SRR IS B (R it4)) |
KM Likert 4 93153 (0~3 43) , 08 H 0~60 73, 73
R0y Ud PRI 2 A vy, S0 > 21 23 S E S AR A
ABREIR ARG . 2% # W) Cronbach o REUH 0.88, (2)
SRR - R ] Spitzer 251 G i 9 10z M 4R B R
( Generalized Anxiety Disorder—7, GAD-7) ., %im &1t
7A%H , K Likert 4 243150 (0=“% &AL F 3=
TLPERT) , SAHEE 0~21 43, 430 H50 e £8 e IR
HTEE | BT >5 I3 B A R AR . R
i Cronbach o %04 0.93, (3) JEJ1HEAK : % Lovi-
bond &5 G il (1) 414K — £5 J& - FE 77 2% ( Depression,
Anxiety and Stress Scale—21,DASS-21) , #EHU & ) Fi=
PN ESIERIEAT VAL . A5 7 A4 H R Likert 4
Ot (0=“AFFE"E3=“"BEME") , BouE RN
0~21 73, 73 B AU SRAE R B™ 5, 800> 14 70 WA
TEFE IR . ASBEFE %5 A Cronbach « &
B 0.92,

1.2.4 SN LAN 258 AR IR T [ R RH A A
PP 6 2 B o bk 3R G2 B B0 G Chttp//www.
geodata.cn) 2B U S B R BAK A TLE 7T DLOGLT A1 ik
BARSTTHE R A LT ks 4 (national polar-orbiting
partnership visible infrared imaging radiometer suite nig-

httime light, NPP=VIIRS NTL) "™ | 38 3 77 J b <] b B



AR T AE 2025 4F 11 A58 46 455 11 ] Chin J Sch Health, November 2025, Vol.46, No.11

- 1541 -

Gt APLRE iR A A b bk A7 B Ak ol 2o 2 B A A, Al
FH ArcMap 10.8 BRAREKTCE 4R b i) & 2226 BE A5 R
1) LAN 088 5 22 e 28 26 B DU D, $2 B AL 500 m Ji [
I LAN YA, 25 [0 53 BE3 R 500 mx500 m, i%Z%X
PFARPBIT KN =0, A7 K (nW/em® - sr) , KB
FEXTGAR IR AN LAN Z2 55 7K 59 DU S0 B0dk A7 434
PR QUUIRERERA) Q2( PR ZFRA) Q3 (P &R
)R Q4(HREEA) .

1.3 FrEdsdl B R S T A Y T
i, BT 2 58RI E A R 5 — TS
FRUEAL BT, B0 PR AR R 5 B | IR1 48 ) 45 T B
Vi m G, BE S X S (R S e A T
WA S 0 O AR Y LS E S e g
1.4 %3 o4 KR SPSS 23.0 W 4% kA4t 57 %k
WREIEHEATEGE 40 HT , % LAN B4 347 1E S PG 56,
THEGORA IR IEZRS 10, R M (P, Poy) iR 53
RBRPHSRR, RAZHEE Logistic 5453 H7
AN TR W0 A5 3 Ah LAN 5 5% 55 IR 5 5t =2 [8) 1) DG K

Spearman A FPESIHTEE SN LAN | 671415 46 R B AIG J5
(R, ffi ] Process ZZF2F Model 4 431 1 PE1E 25 11
FAAER, IR A Bootstrap b TR AR T
PR RS SR SRR T ks A GDP
FN % B AR EEAC N 2240 1E . =40 LAN 2282 LA Q1
HUNS IR, AU SR K HE «=0.05,

2 R

2.1 P A RS LAN REHL UNEA
ARAERAG 30 13.95% (5 147 44) | R I REIRAG: H 26
H16.72% (6 166 45 ), £5 FEIE IR A HE o0 17.49%
(6 45144 ) , HEE AR (]S %R 68.06% (25 104 44) o
ZEAN LAN 28 (il 28.85(19.10,41.44) nW/
(em® = sr) o ARIRS 2B &G mE  BMI AL EESC
AR X ANV B Y GDP K45 67 PR 1% 45 41 ) 2
A Z A LAN B85 /K Vo0 22 e A gt (P A
¥1<0.01) , L% 1,

R ARG /N S S )T O 5 5 o0 A HL

Table 1 Comparison of outdoor LAN exposure distribution among primary and secondary school students of different groups

25 T N Q1 Q2 Q3 Q4 X* P1E

531 5 18938 4 859(25.66) 4 684(24.73) 4 695(24.79) 4700(24.82) 6.89 0.08
k 17947  4534(25.26) 4 491(25.02) 4 620(25.74) 4302(23.97)

wz IR X 21382 4 070(19.03) 5 136(24.02) 5317(24.87) 6 859(32.08) 2 071.30 <0.01
2B 5 15503  5323(34.34) 4 039(26.05) 3 998(25.79) 2 143(13.82)

R I 11865  3411(28.75) 2567(21.64) 4 136(34.86) 1751(14.76) 2 148.61 <0.01
wIH 11902 2472(20.77) 3 661(30.76) 2 773(23.30) 2996(25.17)
L 9458  2499(26.42) 2 342(24.76) 1 427(15.09) 3 190(33.73)
Ol = v 3660 1011(27.62) 605(16.53) 979(26.75) 1 065(29.10)

A P 5772 1716(29.73) 1 190(20.62) 1 241(21.50) 1625(28.15)  176.29 <0.01
T 31113 7 677(24.67) 7 985(25.66) 8 074(25.95) 7 377(23.71)

BMI 3 8 = A 23393 5 985(25.58) 5 708(24.40) 5918(25.30) 5782(24.72) 24.25 <0.01
AT 6652  1645(24.73) 1 668(25.08) 1 654(24.86) 1 685(25.33)
A frk 6840  1763(25.77) 1 799(26.30) 1 743(25.48) 1 535(22.44)

RESE SO INETLLTF 2 643 679(25.69) 724(27.39) 575(21.76) 665(25.16)  458.12 <0.01
w)H 22 474 6 141(27.32) 5 885(26.19) 5030(22.38) 5418(24.11)
K 10 624 2329(21.92) 2 380(22.40) 3 292(30.99) 2 623(24.69)
mi- J DL 1 144 244(21.33) 186(16.26) 418(36.54) 296(25.87)

AL INETLTF 1633 453(27.74) 415(25.41) 382(23.39) 383(23.45)  447.63 <0.01
wrHh 22550 6 140(27.23) 5 984(26.54) 4978(22.08) 5 448(24.16)
K 11380  2519(22.14) 2 541(22.33) 3 509(30.83) 2 811(24.70)
AR R DL 1322 281(21.26) 235(17.78) 446(33.74) 360(27.23)

XN F % i/ <1047 10 721 4 343(40.51) 4213(39.30) 1 488(13.88) 677(6.31) 2 990.46 <0.01
(N - km™2)*  1047~2179 14 841 3 845(25.91) 2506(16.89) 3 425(23.08) 5 065(34.13)
>2 179 11323 1205(10.64) 2 456(21.69) 4 402(38.88) 3 260(28.79)

X A\# GDP/ <151 200 12751 3 681(28.87) 2 443(19.16) 1 870(14.67) 4757(37.31) 6765.28 <0.01
S 151 200~211 188 13 453 3 265(24.27) 4 370(32.48) 3931(29.22) 1 887(14.03)
>211 188 10 681 2 447(22.91) 2362(22.11) 3 514(32.90) 2 358(22.08)

e G i) A ¥ 11777 3257(27.66) 2 996(25.44) 3 308(28.09) 2216(18.82)  311.30 <0.01
H 25108 6 136(24.44) 6 179(24.61) 6 007(23.92) 6 786(27.03)

PIHIAE R i 31738 8 181(25.78) 7 962(25.09) 8 123(25.59) 7 472(23.54) 92.53 <0.01
2 5147  1212(23.55) 1213(23.57) 1 192(23.16) 1 530(29.73)

JEFIRER T 30719 7 947(25.87) 7 727(25.15) 7 880(25.65) 7165(23.32)  117.10 <0.01
= 6166 1 446(23.45) 1 448(23.48) 1 435(23.27) 1 837(29.79)

FE TRk & 30 434 7902(25.96) 7 684(25.25) 7 864(25.84) 6984(22.95)  201.84 <0.01
= 6451  1491(23.11) 1491(23.11) 1 451(22.49) 2 018(31.28)

7O WECFE RN L % ;5 SPSS 23.0 WAL FE BRI 4H .

2.2 FRREMEEILAN REL P 5 AR RZ 0
% W% Logistic B3 547 £85I WoR, DU X #4743

JEI R A AR R R (Q1) , K i R LAN 2%
T (02 .03 .04) Y50 X A /N2 A [ HIR o 7] 25



- 1542 -

2R AE T A 2025 4F 11 45 46 455 1139] Chin J Sch Health, November 2025, Vol.46,No.11

HX[ORAE(95%CI) 43K 1.18(1.08 ~1.29),0.87
(0.80~0.95),1.59(1.46~1.74) ] ; = LAN #5E/KF 5
BB e /)N A R o 2 (] A AH O (OR = 1.40,95% Cl =
1.26~1.57) (P {31<0.05) ., P PES] 27 Bt BMI &
TEmE SR SCb R B IR AR N R 5, & LAN R ER 4l
R XU W AT B AR, BT A Ge it 2 B L (3 IX: OR =
1.28,95%CI=1.17 ~ 1.41; ZB F. OR = 1.21,95% CI =
1.07~1.36) ; MAES X, H ik s LAN 2258k 15
Hh N A BRSO A () R ) DG R e e it 2= B L[ OR H.
(95%CI) 435314 1.04(0.95~1.15) ,0.99(0.90~1.08) ,
PAEH>0.05] 5 T ZERSEL, sy LAN 22 & 7KF 5 /b
27 I AR U f: [R) AUAH G (OR = 1.35,95% C1=1.23 ~
1.48,P<0.05) AU HK LAN 252K F IG5 X
(OR=1.02,95%CI=0.93~1.12,P>0.05) ,

2.3 FIFLAN RE BIRJZFo P 5 A R
A9 AR KM ST Spearman FHICHE 3 HT R, EHF LAN
F S MEIR T (r=0.08) JMARAEIR (r=0.03) JE T
FER (r=0.07) SAEFESER (r=0.08) ¥ 2 IEAH S, BEAR
o SHAR T A AR R W 2 [a] 34 S R AR G (r =
0.03~0.75) (P {l#9<0.01) ,

24 RHHEHAEFTILAN REfob b F A BRT
e P AAE R 54 K] Process ZZFE)T I Modle 4
B T AR 5 000 Yk, K65 67 1 4 O S A & 4
LAN 7% % A A 5 2t 2 6] LA TR AR, iR A A
A 25 26 01, 5 LAN 288 /KX AR (8=0.42,
1=3.04) JE S (B=0.73,:=5.89) FIE BRI (B =
0.52,:=8.02) ¥4 1E [ W AEH (P {E<0.01),
I iR LAN Z2ER 40 3 SR 28 i il 3= 45038 76
GiiteEE (P EY>0.05) , 24 fbE4E 25k A 5 2
J&i o 155 LAN 22 85 7K1 X6 v /)2 B IR J5 22 19 1 [o] S0 4R
A Geit 8 X (B=0.31,t=5.65,P<0.01), UL
K1,

T LAN SRR I 8l B 1A, P 619 <0.01,
B 1 N R AR B A IR AT O i 7K
5 B AR S A 1] ) e A 200 A
Figure 1 Mediation model of negative emotion in the relationship
between high outdoor LAN exposure and sleep quality

among primary and secondary school students
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