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Abstract . Objective  To study the effects of green space exposure combined with outdoor exercise duration on negative
emotions (depression, anxiety and stress) among primary and secondary school students in Jiangsu Province. Methods A
total of 19 903 primary and secondary school students in Jiangsus Province who met the criteria were randomly selected for
inclusion in this study. Through the questionnaire survey, the demographic data of the research subjects and the information of
negative emotions were collected. The annual average value of the Normalized Vegetation Index ( NDVI) of the school
environment of the study subjects was used as the spatial measurement of green space. A logistic regression model was used to
evaluate the association between green space exposure and outdoor exercise duration and negative emotions. Results The
detection rates of depression, anxiety and stress were 13.2% (2 631), 21.9% (4 367) and 9.7% (1 927) of the 19 903
participants, respectively. The range of NDVI is (0.19, 0.52); The correlation between green space exposure and outdoor
exercise duration, individually or in combination, and the detection rate of negative emotions was generally similar in both
regional and gender subgroups. Conclusion Expanding the exposure of green space and increasing the time of outdoor
exercise can help alleviate the negative emotions of primary and secondary school students, and the research on green space
exposure can provide effective measures for school health and psychological services.
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Table 1 Comparison of the detection rate of negative emotions among primary and secondary school students inJiangsu Province with

different characteristics

. PIHRIER
LA JEAE N = = 2
EHT A n(%E);c EX] n(% )x +s t/\;F P
AEIE (%) 19 903 14.022.4 13.0 £2.5 32.0 <0.001
BMI(kg/m?) 19 903 21.7 +4.4 21.0 4.4 0.5 <0.001
REHR A ] (h) 19 903 7.1+2.2 8.1+1.9 18.9 <0.001
531 4.8 0.029
5 10 358 1317(50.1) 9 041(51.5)
by 9 545 1314(49.9) 8 231(47.7)
Wz 62.9 <0.001
WX 10 354 1558(59.2) 8 796(50.9)
2B 5 9 549 1 073(40.8) 8 476(49.1)
Ed=4 398.7 <0.001
I 7 044 514(19.5) 6 530(37.8)
wiH 6 705 957(36.4) 5 748(33.3)
B 4 851 886(33.7) 3965(23.0)
Wl & e 1303 274(10.4) 1029(6.0)
FpEIR 43.4 <0.001
SRR EE 3177 495(18.8) 2682(15.5)
UK 8 820 1155(43.9) 7 665(44.4)
KR E 6 247 716(27.2) 5531(32.0)
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FRIE PEESPN 7 3 2 P
n(% )x s n(% )x +s t/F
HAhF gz 1659 265(10.1) 1394(8.1)
SR CRERER H &) 248.5 <0.001
& 10 915 1 068(40.6) 9 847(57.0)
2 8 988 1563(59.4) 7 425(43.0)
BT 118.6 <0.001
& 16 291 1953(74.2) 14 338(83.0)
= 3612 678(25.8) 2934(17.0)
T3 21.7 <0.001
INETLLTR 1 008 182(6.9) 826(4.8)
wIh &L L 18 895 2449(93.1) 16 446(95.2)
(S i) 36.0 <0.001
INFERLLT 1779 317(12.0) 1462(8.5)
Wi &L 18 124 2314(88.0) 15 810(91.5)
BESEAR (1227 K) 478. 1 <0.001
7 10 249 1877(71.3) 8 327(48.5)
7 9 654 754(28.7) 8900(51.5)
Feit Y 29.2 <0.001
& 6 749 770(29.3) 5979(34.6)
2 13 154 1861(70.7) 11 293(65.4)
LN SN JBiEE
A A NE = 5 2
" i n(%ﬂi} +5 n(%E);cis t/\;F P
AR () 19 903 13.7 2.5 12.9 2.5 2.4 <0.001
BMI(kg/m?) 19 903 21.5 4.4 21.0 £4.5 3.1 <0.001
TEAR AT E] (h) 19 903 7.42.1 8.1+1.9 27.0 <0.001
531 27.0 <0.001
5 10 358 2121(48.6) 8 237(53.0)
s 9 545 2246(51.4) 7299(47.0)
% 39.9 <0.001
I X 10 354 2456(56.2) 7 898(50.8)
BB 9 549 1911(43.8) 7 638(49.2)
2 343.8 <0.001
I 7 044 1 069(24.5) 5975(38.5)
wIh 6 705 1551(35.5) 5 154(33.2)
Eh 4 851 1388(31.8) 3463(22.3)
Bl g e 1303 359(8.2) 944(6.1)
KL 27.2 <0.001
SRR RE 3177 750(17.2) 2427(15.6)
W FRE 8 820 1910(43.7) 6910(44.5)
KFKE 6 247 1280(29.3) 4967(32.0)
HAbZ R 1 659 427(9.8) 1232(7.9)
KEHGRE B H%) 268.3 <0.001
& 10 915 1919(43.9) 8 996(57.9)
2 8 988 2 448(56.1) 6540(42.1)
A 143. 4 <0.001
% 16 291 3305(75.7) 12 986(83.6)
7 3612 1062(24.3) 2550(16.4)
350 37.0 <0.001
INE LR 1008 299(6.8) 709(4.6)
wh Ll 18 895 4 068(93.2) 14 827(95.4)
R 45.7 <0.001
INERLTE 1779 503(11.5) 1276(8.2)
w1 &k 18 124 3 864(88.5) 14 260(91.8)
BB (% 7 K) 799.8 <0.001
% 10 249 3074(70.4) 7 175(46.2)
7 9 654 1299(29.6) 8 361(53.8)
Ferl ) 52.8 <0.001
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Wl FBE 8 820 817(42.4) 8 003(44.5)
KFE 6 247 558(29.0) 5689(31.6)
Hoh 5 gz 1 659 212(11.0) 1 447(8.0)
KB CGEREh/ A% 62.2 <0.001
& 10 915 893(46.3) 10 022(55.8)
B 8 988 1034(53.7) 7 954(44.2)
SRR 36.6 <0.001
& 16 291 1 480(76.8) 14 811(82.4)
7 3612 447(23.2) 3165(17.6)
& ==} 9.0 0.03
INERDLT 1 008 125(6.5) 883(4.9)
W &L L 18 895 1.802(93.5) 17 093(95.1)
SRR 24.4 <0.001
INERLLTF 1779 231(12.0) 1548(8.6)
v & 18 124 1 696(88.0) 16 428(91.4)
BB (i 2 7 K) 369.3 <0.001
7 10 249 1393(72.3) 8 856(49.3)
B 9 654 534(27.7) 9 120(50.7)
Feit g 16.6 <0.001
& 6 749 573(29.7) 6 176(34.4)
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Table 2 Independent associations between green space and outdoor activities with depressive symptoms in subgroups
PR AEIR
2% Hb XV 2H _
WX B
A 1 LAY 2 L 3 A 1 LRI 2 A 3
NDVI 0.41(0.37 ~0.46) 0.64(0.57 ~0.72) 0.64(0.57 ~0.72) 0.07(0.06 ~0.08) 0.10(0.09 ~0.11) 0.10(0.09 ~0.11)
il
Q1 1 1 1 1 1 1
02 0.79(0.77 ~0.80) 0.81(0.80~0.83) 0.81(0.80~0.83) 1.35(1.33~1.38) 1.17(1.15~1.19) 1.16(1.14~1.19)
03 0.71(0.70 ~0.72) 0.80(0.79 ~0.81) 0.80(0.79 ~0.81) 1.27(1.24~1.29) 1.15(1.13~1.17) 1.15(1.12~1.17)
04 0.81(0.79 ~0.82) 0.83(0.82~0.83) 0.87(0.85~0.88) 0.73(0.72~0.75) 0.77(0.75~0.78) 0.76(0.75 ~0.78)
F1AME BT

AL 2 /N
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(%%)
IRRAEIR
i FEIEAL
5 i
B | B 2 Him 3 B 1 B 2 Him 3

a2 /NesF 0.96(0.95~0.97) 0.96(0.95~0.97) 0.96(0.95~0.97) 0.85(0.84~0.86) 0.91(0.89~0.92) 0.90(0.89 ~0.91)
NDVI 0.29(0.26 ~0.33) 0.30(0.27 ~0.34) 0.30(0..27 ~0.34) 0.12(0.11 ~0.14) 0.24(0.22 ~0.28) 0.24(0.21 ~0.27)
Syefl

Q1 1 1 1 1 1 1

Q2 1.15(1.13 ~1.17) 1.09(1.07 ~1.11) 1.09(1.07 ~1.11) 0.90(0.88 ~0.91) 0.84(0,83 ~0.85) 0.84(0.82~0.85)

Q3 0.87(0.85~0.88) 0.87(0.85~0.88) 0.87(0.85~0.88) 0.83(0.82~0.84) 0.87(0.85~0.88) 0.86(0.85~0.88)

Q4 0.81(0.80~0.82) 0.84(0.83~0.86) 0.84(0.83~0.86) 0.68(0.67~0.70) 0.76(0.75~0.78) 0.76(0.75~0.77)
F14hiz s 441

ANl 2 /Nt 1 1 1 1 1 1

3 2 AN 0.99(0.98 ~0.99) 1.01(0.99 ~1.02) 1.00(0.99 ~1.01) 0.83(0,82~0.84) 0.88(0.87~0.89) 0.88(0.87 ~0.89)
TE UL T P AR AR R T O B 2 M DX A gt s 0 2 FERERY 1 RER b AR S i SR Y SRR AL AT 2 BE SRR I B
ST WA AR IS R SR T W A R Y 3 TR 2 (LR b AR ] P AhE Sl K s Ak b s A B R AR

R3O LR s 18] B 52 P Shaz shisf 1 5 R B IR A 57 STk

Table 3 Independent associations between green space and outdoor activities with anxiety symptoms in subgroups

FEEAEAR

2% b X3 2H _
IRIX ZRE
Y 1 T 2 I 3 Y 1 I 2 I 3

NDVI 0.26(0.23 ~0.28) 0.40(0.36 ~0.45) 0.40(0.36 ~0.44) 0.06(0.05~0.06) 0.07(0.07 ~0.08) 0.10(0.09 ~0.11)
x|
Q1 1 1 1 1 1 1
02 0.82(0.81~0.83) 0.82(0.81 ~0.83) 0.82(0.81~0.83) 1.06(1.05~1.08) 0.94(0.93~0.96) 0.94(0.93 ~0.95)
Q3 0.73(0.72 ~0.73) 0.80(0.79 ~0.81) 0.80(0.79 ~0.81) 1.29(1.27~1.31) 1.15(1.13~1.17) 1.14(1.13 ~1.16)
04 0.75(0.74 ~0.76) 0.79(0.78 ~0.80) 0.79(0.78 ~0.80) 0.70(0.69 ~0.71) 0.73(0.72~0.74) 0.72(0.71 ~0.73)
FANE B4 4H
Kl 2 /it 1 1 1 1 1 1
HaT 2 et 0.96(0.95~0.97) 0.96(0.96 ~0.97) 0.96(0.95~0.97) 0.86(0.85~0.87) 0.90(0.89~0.91) 0.89(0.88 ~0.90)

£5 EE IR

P 21
SN o %

A 1 iR 2 R 3 R 1 AL 2 A 3

NDVI 0.12(0.11 ~0.13) 0.12(0.11 ~0.13) 0.12(0.11 ~0.13) 0.12(0.11 ~0.13) 0.23(0.21 ~0.26) 0.23(0.21 ~0.25)
il
Q1 1 1 1 1 1 1
02 0.95(0.94~0.96) 0.89(0.88 ~0.90) 0.89(0.88~0.90) 0.88(0.87~0.89) 0.84(0,83~0.85) 0.84(0.83~0.85)
03 0.88(0.87~0.89) 0.87(0.86~0.88) 0.87(0.86~0.88) 0.88(0.87~0.89) 0.90(0.89~0.91) 0.90(0.89~0.91)
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Table 4 Independent associations between green space and outdoor activities with stress symptoms in subgroups
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