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Abstract:

[Background] The influences of air pollution on sickness absenteeism among school students
could be a huge social medical and economic burden.

[Objective] This study aims to quantify the associations of air pollutants and air quality index (AQl)
with sickness absenteeism of primary school students in Shanghai.
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[Methods] Six primary schools were selected in four districts of Shanghai (Jiading, Baoshan, Pudong, and Putuo), and data on daily
sickness absenteeism and specific causes of sickness (excluding personal reasons or accidental events) were collected in 2017 and
2018 school years from all the students from the six schools, as well as daily levels of air pollutants and meteorological factors from
nearest fixed-site monitoring stations. A generalized additive model was constructed to conduct time-series analysis on the associations
of air pollutants and AQl with sickness absenteeism after adjusting for confounding factors including temperature, relative humidity,
precipitation, influenza outbreak season, and day-of-the-week effect.

[Results] A total of 5746 students were included in this study. The average daily sickness absenteeism in school days was 12.5, accounting
for 0.20% of the total students who were supposed to attend school; the average daily sickness absenteeism in winter and spring was higher
than that in summer and autumn; the average daily sickness absenteeism in influenza season was higher than that in non-influenza season
(all P<0.05). During the study period, the annual daily average PM,s and NO, concentrations were (38.7+26.0) ug:m™ and (42.7+18.8) ug:m?,
respectively. After adjusting for confounding factors, the results of multivariate regression analysis showed that every 10 ug-:m? increase
of NO, concentration was associated with an increase of sickness absentees by 2.3%-3.3%, and the effects lasted for at least one week,
while AQl and PM,s had no obvious associations with children’s sickness absenteeism. The results of stratification analysis by influenza
season showed that PM,;, NO,, and AQI had associations with sickness leave in non-influenza season, with RR (95% C/) of 1.021 (1.004-
1.039), 1.048 (1.026-1.071), and 1.015 (1.001-1.030), respectively.

[Conclusion] In the 2017—2018 school years in Shanghai, NO, is associated with sickness absenteeism in primary school students. Further
efforts are needed to figure out whether school children’s health can be managed purely by AQl.

Keywords: air pollution; elementary school student; absenteeism; nitride oxides; particulate matter
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Table 1 Daily sickness absenteeism of six primary schools in
Shanghai in 2017 and 2018 school years [n (%)]

ESES 2it A B C D E F

FE
2017  109(02)  1(01) 1.9(02) 04(0) 3.2(0.2) 34 (05 1.1(0.2)
2018 14.2 (02) " 1.6(02) " 25(03) 22(02) " 2.4(0.2) 3.8(05) 1.4(03)"

=1
£&EF 14302)°
BHE 100 (02)

15(0.2) " 27(03) " 1.9(0.1) " 3.0(0.2) 3.9(05) 13(03)
10(01) 16(02) 06(0.0) 24(02) 32(05) 1.2(0.2)

Piiite ==
2 216 (04) © 23(03) " 47(05) " 45(03) " 3.9 (0.3) 54 (08) " 1.2(0.2)
= 109 (02) 11(02) 18(02) 08(01) 26(02) 33(05) 13(02)
fE7KE /mm

>1 137(02) 13(02) 22(02) 15(01) 34(0.2) 37(05) 1.4(03)
<1 121(02) 13(0.2)
SiEREAR 125 (02)

22(02) 13(01) 25(0.2) 36(05) 1.2(0.2)

13(02) 22(02) 13(01) 28(02) 36(05) 13(0.2)

]+ —EREEMNDELLER, P<0.05, £&FZ : 2017.11—2018.04,
2018.11—2019.04 ; E#Z : 2017.09—2017.10, 2018.05—2018.10,
2019.05—2019.06 ; S/R&Z : 2018.01—2018.02, 2019.01—2019.03 ;

JESARREES ¢ 2017.09—2017.12, 2018.03—2018.12, 2019.04—2019.065

+x2 LBH6FNE2017# 2018 FEEIBASHI PM,s.
NO.. AQIFIIRERE (x£s)

Table 2 Daily mean PM,s, NO,, AQl, temperature, and humidity

surrounding the six primary schools in Shanghai in 2017 and 2018

school years (xs)

mig g PP/ P NOD/ 0 mm e iRRER /%
(ug:m™) (ug'm™)
=BT A 42.6+28.1 44.0+23.9 64.9+34.0 16.3+8.5 75.3+12.8
B 42.0+27.9 38.3+19.7 65.2+33.6 16.3+8.5 75.3+12.8
HE C 36.5+25.3 41.9+19.3 58.0£30.3 16.5+8.2 76.2£13.0
D 31.8423.5 31.41£17.8 52.1+27.9 16.5+8.2 76.2£13.0
=pe E 40.8+27.0 50.2+21.6 63.6%32.2 16.8+8.4 75.0+12.4
FL F 38.1+27.1 50.94+21.1 58.9+31.1 16.5+8.4 73.4+12.2
=it — 38.7426.0 42.7+18.8 60.4+30.9 16.51£8.4 74.9+£12.5

UE] ARCREMEGEERS M —AUE, SR AS I FER—A
R,

PRTE11-12 BB 3—-4 B,

2550 GAM I H! Poisson [B])F T /IR 2R A
BAES T, RINAE T RE. BXNEE. BH RS
TR, k2. 2H LRI, NO, TE
LRKHE 17 d AT TREN A £ B RIM, T PM,s
AQI TE Y R XS 177 d RIS ERERED & 2R ER R =4
FoM, LLIR 7 d SRR REE R, KTLNO, /G
4d BT (lagd) , STTREDBIRZMIM N BR K, RR (95% CI) /9
1.033 (1.012~1.055) (5% 3). KA RE B 247 T 0~1.
0~3. 0~5#10~7d (lag0-1. lag0-3. lag0-5. lag0-7) BY &
FUH A, 4558 81 NO, WHEREN & £ I B 4
TEENX, BYAEREM (R3). RBRDPBEDINE
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SRR, PM,s. NO, Fl AQI TEIERBREXTTHAEN R H
FITFEN, RR (95%CI) 5359 :11.021 (1.004~1.039) «
1.048 (1.026~1.071) #11.015 (1.001~1.030) ; =T HE
EHTESFITFERX (WHhFeitRiERs1),

#4 LiEH6FUF 201712018 ¥ ERFKE HRRRED
ABES RS SRMB Poisson 1351 & meta 247
[RR (95%C/)]
Table 4 Poisson regression analysis and meta-analysis on sickness
absenteeism and air pollutants of six primary schools in Shanghai
in 2017 and 2018 school years [RR (95% CI)]

535 PM,5 NO, AQl
A 0.968 (0.924~1.013) 0.972 (0.924~1.022)  0.971 (0.934~1.009)
B 1.064 (1.032~1.097) * 1.026 (0.982~1.073)  1.054 (1.027~1.081) *
¢ 1.015 (0.9711.062) 1.156 (1.077~1.240) * 1.014 (0.975~1.054)
D 0.990 (0.955~1.027) 1.073 (1.021~1.127) ~ 0.986 (0.956~1.017)
E 0.984 (0.957~1.011) 1.021 (0.984~1.060) 0.991 (0.968~1.015)
F 0.992 (0.949~1.037) 1.009 (0.953~1.068)  1.003 (0.965~1.044)
metas3#7  1.003 (0.973~1.033) 1.036 (0.997~1.076)  1.004 (0.979~1.029)
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Figure 1 Timeline trend of total sickness absenteeism numbers,
PM,s, NO, and AQl of six primary schools in Shanghai in 2017

and 2018 school years
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SISEME Poisson EIAS T [RR (95%C/) ]

Table 3 Poisson regression analysis on total daily sickness
absenteeism and air pollutants of six primary schools in Shanghai
in 2017 and 2018 school years [RR (95% Cl)]

HERE PM, 5 NO, AQl

lag0 1.003 (0.989~1.018)  1.031 (1.009~1.054) *  1.000 (0.987~1.012)
lagl 0.988 (0.976~1.000) 1.029 (1.007~1.052) ~ 0.991 (0.980~1.001)
lag2 1.001 (0.988~1.014) 1.023 (1.001~1.046) = 1.003 (0.992~1.014)
lag3 1.005 (0.991~1.018) 1.031 (1.008~1.054) ~  1.004 (0.993~1.016)
lagd 1.011 (0.998~1.023) 1.033 (1.0121.055) ~ 1.008 (0.998~1.019)
lag5 1.002 (0.989~1.015)  1.029 (1.008~1.051) ~  1.004 (0.994~1.015)
lagb 0.997 (0.983~1.012) 1.029 (1.008~1.051) = 0.998 (0.985~1.011)
lag7 0.998 (0.983~1.013) 1.025 (1.004~1.046) = 0.998 (0.986~1.011)
lag0-1 0.991 (0.978~1.005) 1.041 (1.015~1.067) = 0.989 (0.973~1.006)
lag0-3 0.997 (0.979~1.016)  1.053 (1.022~1.086) = 0.993 (0.973~1.016)
lag0-5 1.000 (0.984~1.032) 1.078 (1.040~1.116) ~ 1.004 (0.976~1.016)
lag0-7 1.006 (0.979~1.033) 1.089 (1.048~1.131) " 1.001 (0.969~1.034)
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Figure 2 Sensitivity analyses on the association of atmospheric
NO; (per 10 ug-m? increase) with primary school students’ sickness
absenteeism in 2017 and 2018 school years in different models
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