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[ Abstract] Objective To investigate the impacts of different dimensions of sleep quality on depressive symptoms
among adolescents, thus providing evidence for the prevention of depressive symptoms among adolescents. Methods A
baseline survey was conducted from September to November 2023 for 2 373 adolescents selected by stratified cluster
sampling from two junior high schools, two senior high schools, and two vocational high schools in Wuhan city. A
follow-up survey was conducted from September to November 2024. The Pittsburgh Sleep Quality Index (PSQI) and the
Center for Epidemiologic Studies Depression Scale (CES-D) were used for the investigation. The Least Absolute
Shrinkage and Selection Operator (LASSO) regression was employed to screen the influencing factors, and the eXtreme
Gradient Boosting (XGBoost) algorithm was adopted to construct a prediction model. The prediction performance was
evaluated by the area under the curve (AUC). Results The detection rates of depressive symptoms among adolescents in
Wuhan were 31.73% at baseline and 32.28% at the one-year follow-up. The median (interquartile range) PSQI total score
was 4 (2-6). Adolescents with depressive symptoms at follow-up had higher PSQI total score (5 vs. 3), sleep latency
subscale score (1 vs. 0), and daytime dysfunction subscale score (2 vs. 1) than those without depressive symptoms (all
P < 0.05). LASSO regression results indicated that baseline depressive symptoms (f = 0.15), daytime dysfunction (f =
0.04), sleep latency (f = 0.02), and sleep disturbances (# = 0.02) were influencing factors for follow-up depressive
symptoms. The prediction model achieved an AUC of 0.775 (95%CI: 0.739-0.812). Baseline depressive symptoms and
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daytime dysfunction had the greatest impacts on follow-up depressive symptoms (with contributions of 0.36 and 0.20,

respectively), and their interaction effect value was 0.022 (95%CI: 0.020-0.023). Conclusions Daytime dysfunction is a

key sleep-related risk factor for future depressive symptoms among adolescents. It interacts with baseline depressive

symptoms, significantly amplifying the risk of subsequent depression.
[ Keywords] adolescents; sleep quality; depressive symptoms; machine learning; daytime dysfunction; CES-D; Wuhan

city

AR R A2 52 ) 5 /D 400 R A B R e 1) o 3t
A . 2024 H 5 TAE H AR TR, 15~
19 25 F /D AR AR E At 260k 3.4%, R E L #E
A S VAR RE IR A A R RN 26.2% 2. 75 /b 4 40
AREIR AN S mg 22 R B, 5 36, 3RS
AT N AH G, w5 I e A AL BT 45 o B IR ) /2 2
SR AR SER 1 L R, (H 2 A WL 2 RIE
HE IR 5 5 2 A T Ay o — 4 B ), L i g it Uy ik
oy 2 BN, HARCR &M R RIR 7 R K
BCMAR R, JF o, ABE A 2023 4E 9—11 H
P Ak T 2 373 & A AT ) A5 U 1
2024 4 9—11 H AT R VT « K FH B B 1 i 1 SR
Hv% (extreme gradient boosting, XGBoost) #4 7 Tii
) A R B, o3 B O [ 4 P B IR 5 = 5 4 IR 1
KWK, IF &40 FL 70 = E 0, DU N 55 /b AE AR
S IR ()R #E TID7 42 A 4

1 M&E5FE%

1.1 % F2023F9—11 A, E£ERNT KA
JEEERE AR T A BE AL B R, m o IR
2 B, R RT SR — S e B L L 5~8 N BT
2, CAHE 2] R 5 A5 S 57 AT B 1 A 9T BA A 5 R AT SR
2 A, 2024 4 9—11 H AT 1B BERE 1V « I EE A
—HHF TN R BIAH RS B, DAt IR & 5
OIS 55 IR B B 1) (19 B A& A8 4k o B A R AN A
#E: (DHEEZS 50 & IR 5 N 51 F A
(2) K2R R A BT 1 4F (2022 4F 9 J—2023 4E 8 7))
JE A AR, BE U AT AN 2 R AR T # s (3)F
SRS T B AR B8 77, AT DA B TR U A O T B
TR A A . FERR AR R RN RE J1 52 B (HH
TR I RENG . A o) PR RS S (R In) G v A Bl 5T
B 5 A ) o B A 15 2 401 47, M BR 6k
Ry B, ARG 2373 4, B kiR
N 98.83%. AW 7t 3R B K 5 AR A R AL HE
22 (5 : IRB2022006) -

12 BAEF & RRABLEREFAELFKA
TR ERRTIR TR, L RENTOREEN
— M TR B AR PT B S HDATCRE IR s B U7 R A R AR
TR HR 0T & 5 AR A S BT B 2 IR A Y
KA Z T R & T, BRI & AR 2
NG — RN, 3% U0 H 1S R % R
WG, B 22 AR S S I 3 F . A AR R A

Ji B, ACHIE AL SE T AR R . TRy
B, @ Iz A B SRR A O A R AR
PR N 2 AT T A, AR O s R R ) .
TE W A B B, 6 W A R AT AR AE AR I, X 1)
HEAT TR 10 5 2 B A% . E SIS ON B B,
Epi-Data 3.1 XA X5 N Fl Excel 12 45 4% 25 # fR £
P AL TC 0%

1.3 M= A

1.3.1 NA%FHEEE RS BT RHRE RS,
WA BFEET . F . B R F AT,
FRELTIEN . KRR R EHER. 2B ES
i, R EMALYE T80 RGP HE A F R & L
HEMARED . MM AEGHENGSE. BFEDe
SR 16 JE S T, BRIACBE— 75 BT A 55 T, B
BHAE 7 FE AT E L, R 5 AR — & AR, HLB S i
] =6 AN F 16, 5% g 22 5 175 o 3 3l 1) <A i 4547
(1) 5K BE 28 UF 17 L 5 BE 2% F Ath [R) 5 A B (el B
P R SE KRB i) R 1S IR I A BE S R
A VE. PEF 30 SO TEHER R R B, IR ds
B GVR T AR RS, AR, SRR 5
B 5L A o SRS SR A T o ] ) 3
HR, MR BEEE. AR IHERR,
S IE N R H I IE NSRS, 3L 27 AN H R
SRAFr (1~547), Ky 27~135 4%, S HisE R
T R 3E B R 1 (Cronbach’s ¢=0.93) ; A
R £ )ik H Kaiser-CDC 5256 % I & 1 3 45 A R
26 1 1) 2518, AT RE AR . 2L AN 5K RE T R B 6S A%
R, 10N H, IRIEEIZ <R B0 E
e, 8 0~10 75, 73 HUB R A R 4 )7 5 55 B
% (Cronbach’s a=0.77) ; V£ 7% 44K H & /D 4F
AHEEERD, BRET. . ABRIE. 3K
JIFIE N o] B RS, 3627 N2k B RH 6 T
(0=HKR KA, S=WEFE), B85 0~135 5, 5 Eilkm
o A A v S F 2 ™ 2. ( Cronbach's a=0.95) »
1.3.2 DL2ZRMEIR BT =184 E R K/ Buysse DJ
25 1101 415 ] {9 I1C 2% 2 W ARG 5 == 5 %5 &= % (Pittsburgh
sleep quality index, PSQI) vFfiti ™ 1 ik £ J% 6 15 1
AT 1A RIBEIRIE . ZERIL I8 ANEH, N
TANGERE, & T VRN S A R BEAR I O, BLHE
AN 385 == QN T3 TR ey e S 1 2
R PBEAS . AR 259 H R ThRERE AT . & A4k E 4%
0~3 Fguit 7, RS LEREL 73 PSQIL 7 &2



- 1074 -

HE AL T 2026 45 9 A SR 42 455 o W

Chin J Public Health, Sept 2026 Vol.42 No.9

3G Y 0~21, 1540 B &, 2o B IR 5T & 8% .
AL % B 3R KR 4G ) Bl U7 B 1) Cronbach’s o
#4059 0.72, 0.76,

1.3.3 WHHOHALE R KA Lenore Radloff %
il IR AT 99 27 B 9 o0 VAR B 3 (The Center for
Epidemiological Studies Depression Scale, CES-D) 1]
PEAR AN 3 2 K B U5 U 2 A 1R A A E R ) A
RAEEMA ZBERIL 200K H, EH T IR
/DA W AARRE IR, B % H R 4 B4, ¥
DS 1 o [T e o = - 0 s s 8 =
0~ 60, 73 Hi 8 my 2 7 VA0 #2228k & . BL CES-D
KIr <15 93 H 8 N AAFAE A RE AR, >15 70 H 5E
NAFAEANHSREAR o ASHIF T8 v i B R B 2 K B Vg I
] Cronbach’s o & %3274 0.89.

14 it oAt R R45.0 BAFEAT B4 2 7
A7 FH B WL AR AR R A A B A o THECTOR DU AN
B He A IR, T B SR (2 A& 1S 70 . PSQI
1590 B IESVER I ARG IES 0, LL M(Pys~
Pys) 3R o SR /2 A8 06 ARk ARG 36 U A A ) e 2%
FROETT D AE B U AR RE IR 22 7 o SR FH B /N 0 Wi 4
3% B 57 91 U3 (least absolute shrinkage and selec-
tion operator, LASSO) #1748 i 1k, #4 B4 2R 4%
7:3 LRI A U kA S A AR, Ll 2R 4R
TEA M S N AR AL, ISR T B A PR A
BUAE AR W E Bz At ge, Bl A . BT
it 346 tH 1) 7% 8, K F XGBoost. 32 # [A] 5 (logistic
regression, LR) .« ¥k 3 (decision tree, DT) BEAL AR
#k (random forest, RF) . 3 #F [f] & #/1. (support vector
machine, SVM) . % JZ /& 51 #% (multilayer perceptron,
MLP) 45 152 4 T 75 /b 4 B U IF 40 A8 5 4R 1) K A=

PR o a8 I A 48 2R A S A8 B E AR A HE 2 3
(05 e RIRFE L 5% 21 30 SR i) J IR AL 2
#), VA2l TTAE il 267 1 A1 (area under curve,
AUC) VAl A2 T 2 e, AUC HUE Y5 M 0.5~
1.0, fB B 5y 2 7n BEAY X 43 2 75 A7 72 FARE IR 1) g
J1Hk5E, AUC > 0.7 3 & A0y B w] #8252 19 1Ay
#1121, % F§ SHAP(SHapley Additive exPlanations)
HEAN KRR TTRR A, IF50 # o1 ok FE 5 R
M EMZHAER . A St o Bk 56 3 sk XL
ks 56, A6z 38 K #E A 0=0.05

2 8 R

2.1 FHRIFEAEA D FHIER A Y F K7 39 AR
ERRAERN (R D) HFEE2373 4FDE, |
X RAFRN 11~20 &, “FIFR(14.46£1.61) %
A 1172 N(49.39%) 5 ¥ = HR FHR v 22 A 4y
N 959 A (40.41%). 468 A (19.72%) Fll 946 A
(39.87%); AP HL A AR T HIAH 1883 N (79.35%);
WS E TR0 317 N (13.36%); /DS
JE 22 B DL — M 1407 N (59.29%) 5 17 1E X BE ¢
Z 5K 210 N (8.85%) . 1% 696 A (29.33%), ff
TEYESR J& T & 59 732 N (30.85%), $HAT i B+
#1107 N (46.65%), %2 1 BE 2% HE 44 75 50% LA
Ji 418 N(17.61%) W 70 %F G 5k & M AIAE PR A HH
RN 31.73%, Bt U7 I FARRE IR (P4 H 224 32.28%
Bl U7 A JC AR FE AR AR AR S M 2E B AR
. BFET RELTFIRO KBER R AR
HSYE PETE0 . BGTHE g HE 42 I 2 AR E IR
S5 TH 1) 22 38 gk 22 B (3 P<0.05) .

R AFFELN DAL DT AR LR

Table 1 Comparison of follow-up depressive symptoms among adolescents with different baseline demographic characteristics
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Table 1 Continued
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Table 2 Comparison of follow-up depressive symptoms among adolescents with
different baseline psychosocial factors and sleep quality
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Fig.1 ROC curves of different prediction models
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Fig. 2 Feature importance and interaction effect analysis based on SHAP values
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