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[ Abstract] Objective To analyze the correlation between near work,screen time, outdoor time and myopia
in children based on objective monitoring technology and to explore the influencing factors related to myopia in
children. Methods A cross-sectional study was conducted. From October 2022 to March 2023, the purposive
sampling method was used to select 596 children in Grade 2 and Grade 3 from two primary schools in Shandong

Province as study subjects. Eye-Monitor technology of eye-use behavior based on artificial intelligence was used to
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quantify parameters of near work, screen time and outdoor time. The eye-use behavior parameters were compared
within each subject and between non-myopic and myopic children on weekdays and weekends. A multivariate binary
logistic regression model was constructed to analyze the influencing factors related to myopia. The study protocol was
approved by the Medical Ethics Committee of the Affiliated Eye Hospital of Shandong University of Traditional
Chinese Medicine ( No. HEC-HY-2022023KY ). Written informed consent was obtained from the legal guardian of
each subject.  Results For each subject, the proportion of near work time on weekdays was greater than on
weekends, the proportion of time spent looking at cell phones, computer screens, and outdoor activities was smaller, the
duration of single continuous near eye use was longer,the tilt angle of the head in sitting position was greater,and the
light intensity was stronger, showing statistically significant differences (= 19.427,-9.964,-5.916, - 10. 470,
2.211,2.898,15.061;all P<0.05). During weekdays, compared with the non-myopia group, the myopia group had
longer total near work duration, longer single continuous near eye use duration,shorter outdoor activity duration, closer
eye use distance, larger proportion of near work time, and smaller proportion of outdoor activity time, showing
statistically significant differences (all P<0.05). During weekends, compared with the non-myopia group,the myopia
group had longer time spent looking at cell phones and computer screens, shorter outdoor activity time, greater
proportion of time spent looking at cell phones and computer screens,and smaller proportion of outdoor activity time,
with statistically significant differences (all P<0. 05). During weekdays, after adjusting for confounding factors,longer
single continuous near eye use duration (OR = 1.138,95% CI.1.086-1.192, P<0.001) was the risk factor for
myopia, and longer working distance (OR=0.906,95%CI.0. 847-0.970,P=0.004) and longer outdoor activity time
(OR=0.127,95%CI.0.023-0.703,P=0.018) were protective factors for myopia. During weekends, after adjusting
for confounding factors,longer time spent on looking at cell phone screens (OR=2.437,95%CI.1.460-4.068,P<
0.001) and longer time spent on looking at computer screens (OR=2.260,95%CI:1.283-3.979,P=0.005) were
risk factors for myopia,and longer outdoor activity time (OR =0.624,95%CI.0.416-0.934,P =0.022) was the
protective factor for myopia. Conclusions The eyes with continuous near work, prolonged use of smartphone and
computer screens, closer eye use distance, and less time spent outdoors have been confirmed to be significantly
correlated with myopia based on objective monitoring data. When formulating intervention measures for myopia
prevention and control in children,it is advocated to further pay attention to control the distance and duration of near
work on weekdays and strengthen screen time management on weekends.

[Key words] Myopia; Child; Prevention and control; Near work; Screen time; Outdoor time; Smart
wearable devices
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Table 1 Comparison of eye-use behavior parameters on weekdays and weekends (xzs)

i i fﬁl@/ EEE%’H’F ﬁ?fﬂ)##% %ﬁﬁm}#% F‘ﬁlt?ﬁfjl i?ﬁx’ﬁﬁi&ﬂi%’ IR B 25 A e Sk ot B3 i
iR % o [ Lt P[] L fif [ L Wl R AR (min) (em) fhtkt A () (Ix)
TAEH  522/522 0.50+0.15  0.03+0.04  0.03+0.02  0.04+0.03 9.32+5.38  30.14x3.59  11.53+4.79 232.50+57.52
JAR 522/522  0.31x0.19  0.10£0.14  0.06+0.12  0.14x0.22 8.53+6.82  30.44x5.16  10.73x6.19 169.67+87.84
e 19.427 -9.964 -5.916 -10. 470 2.211 -1.348 2.898 15. 061
P <0. 001 <0.001 <0. 001 <0. 001 0. 027 0.178 0. 004 <0.001

TE: (ECRX K30 ) 3 BB A I 8] b = 30 B B A B I/ BB K 5 6 T WL 8 0 8 LE = 7 T HIL B 48 I 4/ A S0 I 5 7 3 S AL 58
) L =7 TS LB 45 I/ R 5 P 0 Sl 8] BE = 7 03 3l i/ R i

Note : ( Paired ¢-test)  Proportion of near work time =total hours of near work/effective wearing time ; proportion of time spent on smartphone screens = time

spent on smartphone screens/effective wearing time ; proportion of time spent on computer screens = time spent on computer screens/effective wearing time;

proportion of outdoor time = outdoor time/effective wearing time
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®2 IEEMAXRBEIFLMNSENILEHRTABRILE (x25)

Table 2 Comparison of eye-use behavior parameters between non-myopic and myopic children during weekdays and weekends (xzs)
THERAN T E T EFiE AIHAANE P 9 KR R
A5 i [RE K (h) BB () B (h) i (h) B (h) JHIR K (min) (cem)
TIER JA% TfEH Jiik TIEH Ji% TIEH Jiik TIEH Ji% TIEH JA& TfEH Jiik
Ema 399 5.05¢1.09 3.83:1.39  2.47¢0.83 1.12¢0.81 0.16£0.17 0.27¢0.31 0.13£0.12 0.15£0.26 0.22¢0.15 0.52+0.71 8.33+4.05 8.36+6.62 30.51+3.61 30.58+5. 14

bl 123 5.23£1.16  3.61£1.56  2.71£0.86" 1.13£0.92  0.17£0.19  0.45£0.59" 0.14£0.12  0.290.54" 0.18+0.17" 0.30£0.45" 12.537.51" 9.08+7.44 28.94+3,23" 29.96+5.24

w9l - KRR () JERARBE (1) JEHE TAERS R b B ORI e e FONE BRI I
THA Jk THEH JAK THA Jik THA J% THeH JiA THA JiA

e A 399 11556492 10.86£6.16 231.66:57.73 169.97+89.01 0.490.14  0.30:0.19  0.03£0.04  0.0850.10  0.03£0.02  0.05:0.09  0.04:0.03  0.16:0.23

ERA 125 11485438 10.30:6.30 235.24£56.97 168.69+84.29 0.53:0.17*  0.32:0.19  0.03:0.04  0.15:0.22*  0.03:0.02  0.10s0.18"  0.0320.04*  0.10£0.15"

P B H AR K < F gy =0. 063, P=0.802; F iy = 249. 424, P<0. 0015 F oy = 4. 824, P=0. 029, JT Ji B TAE S 4¢ 1 Fypy = 3. 476, P =
0.063; Fyypy = 716. 675,P<0. 0013 Fyerppp g =4. 948, P=0.027. F FHLIRHEHT IC : Fypgy = 18. 341, P<0. 0015 Fyypy = 80. 377, P<0. 0015 F oy oy = 14. 333,
P<0.001. B il SEHURHFRT I« F oy = 14, 628, P<0. 0015 Fyppy = 22. 602, P<0. 0015 F s gy = 11. 583, P<0. 001. 1513 B E K« Fog gy = 14. 268, P<0. 001 5
Fyspy =33.992,P<0.001 5 F yoyp ey = 6. 830, P=0. 009, ¥y #4555 JE BH 85 IR 4K« gy = 28. 343, P<0. 0015y = 17. 064, P<0. 0013 F e pey = 17.702,
P<0.001. B ES : Fyyyy = 8. 484, P =0.004; Fyypy =4. 533, P=0.034; F sy = 3. 453, P=0. 064. A 48 L 3B : Fy gy = 0. 450, P = 0. 503~Fﬂ”ﬂ =
8.155,P=0.004; F 4y =0. 564, P=0. 453 JEIRIRSE : F gy =0. 038, P=0. 845 Fpy iy = 169. 931, P<0. 0015 F oy = 0. 245, P =0. 621. 3L i 55 TE i
W] LG F gy = 4. 834, P=0. 028 Fyy = 286. 821, P<0. 0015 F 5y ip = 0. 726, P=0. 395. B FHLIFHM ] L : F g 5 = 26. 432, P<0. 001 5 ﬁu”n! =123.838,P<
0.001;F 4y oy = 22. 350, P<0. 001. F H- 55 HLFE HE IS 18] H : F oy gy = 17. 409, P<0. 0013 F 1y = 52. 583, P<0.001 5 F ooy = 16. 619, P<0. 001. 4 i 3l i

B LG« Fygy =9. 017, P=0.003; Fyy iy =359. 819, P<0. 001 F ., poyy = 5. 038, P=0. 025. 54 i ¥R 41 H e, " P<0. 05 ( T 42 ) & 4 [ 3¢ s 9% 43 7 , LSD=t £

W) MRS AR ] R = 0T B AR R A BRI K B T LG I L = T LR R /A BRI K s B T LR AR b = AL
St I/ A BRI B A 5 7 A0 Sy I ) L = 7 A Sl /A R
group = 0. 063, P=0.802; F =
=716.675,P<0.001; F
=14.333,P<0.001. Time spent on computer screens: F

14.268,P<0.001; F

Note ; Average daily effective wearing time; F' 249.424 P<0.001; F,

F =3.476,P=0.063; F

group 5 D time

80.377,P<0.001;F

5 & interaction

=4.824,P=0.029. Total hours of near work:
=4.948, P =0.027. Time spent on smartphone screens: F, = 18.341,P<0.001; F,, =
group = 14. 628 ,P<0.001; F,;,, =22.602,P<0.001; F =11.583,P<
=33.992,P<0.001; F, . action =

=17.702,P<0.001. Working distance: F',, .
aroup = 0-450, P =0.503; F,,,, =8.155,P=0.004; Fi . ,con = 0. 564, P =0.453. Light intensity: F,,,,, =
interaction = 0- 245, P = 0. 621. Time ratio of near work: ¥, =4.834,P=0.028;F,,  =286.821,P<0.001;
group = 26.432,P<0.001; F,;,, = 123. 838, P<0. 0013 F, . ppeiion = 22. 350, P<
=16.619,P<0.001. Proportion of outdoor

0. 001. Proportion of time spent on computer screens; F =17.409,P<0.001;F, . =52.583,P<0.001;F,
=59.819,P<0.001; F, . oction = 3- 038, P =0.025. Compared with non-myopic group,”P <0.05 ( Two-way repeated

interaction
interaction

interaction
0. 001. Outdoor activity time: F ooy = o
F proup =28.343,P<0. 0015 F,,, = 17. 064, P<0.001; F,
interaction = 3- 453 ,P=10.064. Head tilting angle: F
0.038,P=0.845;F,,.=169.931,P<0.001;F,

F =0.726,P=0.395. Proportion of time spent on smartphone screens; F

6. 830, P =0.009. Single continuous near eye use duration:
=8.484,P=0.004;F,,  =4.533,P=0.034;

interaction

time
interaction

interaction

group = 31 time
9.017,P=0.003; F

time:Fgmup =7. 5 & time
measures ANOVA LSD-; test) Proportion of near work time =total hours of near work/effective wearing time ; proportion of time spent on smartphone screens=
time spent on smartphone screens/effective wearing time ; proportion of time spent on computer screens=time spent on computer screens/ effective wearing time ;

proportion of outdoor time =outdoor time/effective wearing time

2.3 THTES TAE LRI IR] K A1 S 1E] A LAY

o 3 it
AR H AL, ZETHE AR MBI REIE RIS 4 K A7 438 B 0 A DL B 3 0 335

FRACAA B Mo Mk e e . AR T
% UL M I B e B, R 2 0 R TR i R T LA

[ B U A 2 3 B B TR i 4 (OR = 1,138, 95% CI.
1.086~1. 192, P<0.001) 2 it HLAH 5 1Y f& I I 3R, 450

B A B BB B8 ( OR = 0. 906, 95% CI: 0. 847 ~ 0.970, P =
0.004) & & 1 5 4136 3h B K (OR = 0.127,95%CI .
0.023~0.703,P=0.018) J& T ML AH A P-4 &K, I iR
BITAEMB K (OR=1.153,95%CI.0.870 ~ 1.529, P =
0.322) 5 IR & B OCHK . JA AR W], 76 PR 38 4F % |
M DXRAC BRI LG A 1 F T-HLBR I (OR = 2. 437,
95%CI ;1. 460 ~ 4.068, P <0.001) 1 & i1 5 ¥ 5t 52 i) £
(OR=2.260,95%CI ;1.283~3.979, P =0.005) &3t L # %
a2, B B A Bl i (OR = 0..624,95% CIL
0.416~0.934,P=0. 022) 2 AR IR R (32 3) 6

FEHLBE R B IR B B8 A0 P A1 3 Bl i K S I A A
KHK

FHMR B2 3 B K R 2 R B 1] A5 30 40 4 35 A0
oK, 3K AT RE 5 R 2 0 R AR & B B I I (near
work induced transient myopia, NITM ) [ b5} [&] 22 FL %% i/
AKX WHFERY, T AHEXS NITM & 3 5 = b &
P NITM K 5 5 2w Kok at e, 3¢ | Arunthavaraja
AU S B3 BT N AT R T S o ] PR AR B A
IR B 3 0 R v it B A 82 00 B g P IR AT e R AR
I (Y NITM , DA AT RE 3 350 0 400 g 58 00 1 25 £, 5
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Table 3 Logistic regression analysis of the correlation between near work,screen time,outdoor time and myopia
TEH IEES
S LSk S ZHE BRE ZHE
OR(95%CI) P OR(95%CI) P OR(95%CI) P OR(95%CI) P
EW(%) 1.624(1.198-2.203) 0. 002 1.503(1.054-2. 142) 0.024 1.624(1.198-2.203) 0.002 1.454(1.043-2.027) 0.027
PR (&) 0.859(0.573-1.289) 0.463 0.859(0.573-1.289) 0.463
X /3 T 1.601(1.059-2.419) 0.025 1.188(0.727-1.940) 0. 492 1.601(1.059-2.419) 0.025 1.472(0.930-2.329) 0.099
LM 1.583(1.054-2.378) 0.027 1.406(0.888-2.227) 0. 146 1.583(1.054-2.378) 0.027 1.429(0.915-2.230) 0.116
BT 2.077(1.375-3.135)  <0.001 1.666(1.043-2.662) 0.033 2.077(1.375-3.135)  <0.001 1.741(1.113-2.726) 0.015
bl oy Y (B 1.415(1.111-1.803) 0. 005 1.153(0. 870-1.529) 0.322 1.003(0.787-1.279) 0.979
B ()
B SGE B 1.151(1.100-1.204)  <0.001 1.138(1.086-1.192)  <0.001  1.015(0.987-1.044)  0.310
YRS
(min)
IR B B 0.878(0.826-0.933)  <0.001 0.906(0. 847-0.970) 0. 004 0.977(0.939-1.016) 0.241
(em)
FeilNE 1.627(0.552-4.792) 0.377 2.619(1.650-4.158)  <0.001 2.437(1.460-4.068)  <0.001
fif K ()
FIFEHRE  2.325(0.457-11.831)  0.309 2.534(1.514-4.241)  <0.001  2.260(1.283-3.979)  0.005
HEF A (h)
FrANE gl 0.157(0.034-0.731) 0.018 0.127(0.023-0.703) 0.018 0.529(0.356-0.787) 0.002 0.624(0.416-0.934) 0.022
i (h)
Ak 2 3R 0.997(0.956-1.040) 0.890 0.985(0.952-1.019) 0.381
A (°)
I I8 5k 1.001(0.998-1.005) 0. 546 1.000(0. 998-1.002) 0. 887
(Ix)
TE:OR: WWAE L ; C1 B AR X [H]
Note : OR : odds ratio; CI: confidence interval
AR AR R T B S TR o et R R T T A B O Ik % T 4 R R AL L o IR

REE 1M 52 Wi 3 W & A A & Jee 1 BIL R A AR ok — 25 it

e [17]

Ji

3 3 A WL I ], AR WF 5T & B T AL AT R
Jit RIS I 5 A LE e B . AR I, i T B
[ERIEALRORIE S SV YN LS 7§ STE 3 SN
A4 A DT B R 1A B IR o RIS I ) B
LR HE G, IR L PA b F 3 SR 25, 5 B Y
WS R . ST g W, IR O RE I o AR A
K OESIE & 5 e ah, BE 3 R 87 R I K
400~ 460 nm 5 A S5 B 15 6 7T AE 52 3843 90 I i (0, 2%
b 240 RO 240 P B T R 5 1 g 2
IS 15 30 WL 2 1) 15 5 30 3, DA TG T R 5% W) 3T WA 1)
Rk

S P A3 Sl s ] 6 AR G R 2 A XU 1 R 4
O 76 3 T B B BE AL B PRI 36 P A5 B3R 52, [
I PO SR R T 5 0 B BB K P 5 LB R B S TR
AT T % OUBCE B 58 s e R Y L P ARG T L
12 3500 IR0 I P 22 O 40 23 08 % R R 44 2 DA R,

KL AN shH ok 2 A AN & DL O R
AR R LB AR B T A A P I R B R 3 B
FE XU A 5 7 A1t i R LA 3 i FL 4R 5 | AR A T A 1
T B 7R B I 5 7 AN R R BE e AR P R i 52
B 1) 750 B A L /)N ) 00 ) o 00 1 g 0 WL R 8
TBOAA VR LAZE S BRR ILAY SR RS 55

A5 L T AR B AR 09 A R s e
RN AR5 2 AR B AR A M R 1R
11 56, A F 5 38 4 B 2 A~ B ) B N 3R 0 5 3
MILE A S B I e B 22 5%, Boh, TfEH
A0 2K 5 3 W0 A7 78 5 K 10 3R B8 5% i D] 3RO R o 4 —
X AT BES 2 AR BN LB A A 3 ST R IR 2
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AT B 5 ) R A R T BR R K R A A e
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BEY 365 FARM I BEFE LA T 202346 1 3 H
T AL RBER . A6, 85 T 85 B 2K 0
AR T T R T 24 3 D5 B ik 12, 12 W7 A 7 R B 3 A AR,
WFRIGYT BE R NEFE R ZIGIT o S 1L A
Tiae A2 s 1A A BT MO B B ic gy, i s fe e 7E 125 ~
137/70 ~ 79 mmHg (1 mmHg=0. 133 kPa) , HikF G (B B
Valsalva 80/F , IAEIR G F 2B L. ABIRB A WA
MR 12,261 0.3; iR EAMR 12.7 mmHg, Z2 R 12,5 mmHg; SR
AP IR B MR A oA DLW i s DR A B i B, B ], S i ik
Fe Ay 1e 3, 400 100 R Jik s 8o ity Jo) 0 0 0 AR, mT 0L R R
HH I B B 8 2 BR B HE IR AT DL IR B, I OB R
ST, BHARZ 3 PD, R 8 R TG BROM A e 7 7 IR BB I A I 22 A
AR L b D7 A BT R OIOE , UHR ] 2 AT DL R i
WGBS M (E 1A,B) . Ja2 4 T 1 2 494 (optical coherence
tomography , OCT ) £ 5 7% 7l 2 BiE X P 7 I 55 400 o I o 22 27 4
JETE IR B, R 75 AT U v A S 5 O A AR, A 1) B T B B A
JECF P AR A WY IR AR, JE A W R B
(B 1C,D), Wi 22 MR Valsalva #5055 48 7 IR & 1 & 2k
0 B A8 o S AR I kR TR O B A S AT OCT 5] 5 T iy 8

o ERUCBK M BB RE R 6 m) Y Nd: YAG BREYIIF AR BEAT BT,
Ve 5 A AR ML T, F HEAT B R BB IS AR R IR T . AR
JE 1 d, B 2R ) 0.5, % €0 BRI R A5 2 s A 1
TR AR L 5 1A B R 1 (181 2) s ARG 12 d, 2R 1.0, LM
PR AR W s 2k (1 3) s AR 25 d, Z2 IR L0, R AR
HERF 7S B B DX BRIV 2K, DCOE T BB (A 5 ([ 4A) , OCT 4§
7 2 B B BE DX I I o 1 B A I B TS AE AE LE AR 2 &
SEATR (E 4B,C) ARG 2.4 A AR ) 1.0, @RS IR
AAA OCT 4 A5 7 XUHR 50 A 4R 1 % 35 5 €098 AR B 2 ok
e, /e MR B X AR M 56 42 1 2%, 5 B DT P 9 I8 55 0 el I o 22
Y20 BN B LF A (8 5) .
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