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[7775] Wi 2013—2018 FF LB RS ER) LRITRAFERFEI 112 A, MEE&IIN
1PMESREENSNASSEYENZEE, BIEATRY (PM,s) AIRNFRIY (PMo)
—&fa (No,) . Z|EhT (s0,) . RE (0,) M—& bk (CO) MR &¥stn CRE. HEMTEE)
FIB391E, RAET Poisson DRI ML MR EIFTIRE, SHASISRT) LRIMER RS
R 2 NORBH TSR (lago~lag7) M EFH G (lag01~1ag07) o

[£E3] 6 Fhis YR EAARIEIEEIN 10 ug-m?3Y) LEMR R SERE 11288 T REE
HIF M, PM,s 7E lagd BB FE AR AN 1lago7 I RFANHE RN R A EE, BEIRIZXK (ErR) A
0.32% (95% C/ : 0.12%"~0.53%) #10.59% (95% CI : 0.15%~1.03%) ; PMy, 7E lag3 Xt Ji2 E2H i
JE %M, ER790.19% (95%CI : 0.00%~0.37%) ; NO, 7E lag3 BY /& [F X N F lago7 W R R 5
MNENEE, ERDHIN1.11% (95%CI : 0.71%~1.51%) #3.05% (95% CI : 2.24%~3.87%) ;
SO, TE lagd W FE MM MIago7 N BB E RN RN EE, RS 5 791.86% (95%CI :
1.08%~2.65%) F14.90% (95% CI : 3.31%~6.51%) ; 0; 5 JiZ2 E 11X, lage B 5N
lago7 BT HEMN R EE, ER D 39 -0.21% (95% CI : -0.38%~-0.05%) #1-0.56% (95%
Cl : -0.93%~-0.20%) ; CO XY ) LE MR R A mEY# 5N F BAINIE lags M lag5, ER 735
790.30% (95%CI : 0.07%~0.53%) #10.24% (95%C/ : 0.01%~0.47%) (P<0.053} P<0.01), %35
ZBERDTER | H S0, NO, 5 PM,s. 0;F1 COH1EBY, SO, M NO, NRA N B2 2, ER S
5179 1.54% (95% CI : 0.49%~2.60%) F11.21% (95% CI : 0.67%~1.74%) ; H NO, 5 PMyo. OsH
CO HTERY, NO, X JIZEF MR A, ER N 1.41% (95%CI : 0.88%~1.95%) (P<0.01),
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Association between ambient air pollution and pediatric respiratory disease outpatients in a
hospital in Shanghai ZHANG Li-jun®, DONG Chun-yang®, XU Hui-hui'®, WU Chun-feng®, GUO
Chang-yi*, XU Dong? CHENG Yu?(1.a.Division of Public Health Service and Safety Assessment
b.Division of Health Risk Factors Surveillance and Control c.General Office, Shanghai Municipal
Center for Disease Control and Prevention/Shanghai Institute of Preventive Medicine, Shanghai
200336, China; 2.Environmental & Occupational Health Department, Shanghai Xuhui Centre for
Disease Control and Prevention, Shanghai 200237, China)

Abstract:

[Background] Both domestic and foreign studies have shown that ambient air pollutant
concentrations are closely related to the decrease of lung function and the occurrence of
respiratory diseases and symptoms in children.

[Objective] The study aims to evaluate the association between daily air pollutant concentrations
and hospital pediatric respiratory disease outpatients in Shanghai.
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[Methods] Generalized linear models (GLM) were used to evaluate the lag effects (lag0 to lag7) and cumulative lag effects (lag01 to
lag07) between daily outpatients of pediatric respiratory diseases in a general hospital and daily air pollutant concentrations [including
fine particulate matters (PM,;), inhalable particulate matters (PMy), nitrogen dioxide (NO,), sulfur dioxide (SO,), ozone (Os), and carbon
monoxide (CO)] from a nearest air quality monitoring station in Shanghai in 2013-2018. Daily meteorological variables were also collected.

[Results] Per 10 ug-m? increase of the six pollutants at different lag time points had different effect sizes on pediatric respiratory disease
outpatients. Per 10 ug-m™ increase in concentrations of PM,s at lag4 [excess risk (ER)=0.32%, 95% Cl: 0.12%-0.53%] and lag07 (ER=0.59%,
95% Cl: 0.15%-1.03%), PMy at lag3 (ER=0.19%, 95% CI: 0.00%-0.37%), NO, at lag 3 (ER=1.11%, 95% CI: 0.71%-1.51%) and lag07 (ER=3.05%,
95% Cl: 2.24%-3.87%), SO, at lag4 (ER=1.86%, 95% Cl: 1.08%-2.65%) and lag07 (ER=4.90%, 95% CI: 3.31%-6.51%), O; at lag6 (ER=-0.21%,
95% Cl: -0.38%--0.05%) and lag07 (ER=-0.56%, 95% CI: -0.93%--0.20%), and CO at lag4 (ER=0.30%, 95% CI: 0.07%-0.53%), and lag5 (ER=0.24%,
95% CI: 0.01%-0.47%) showed the largest effects among the respective categories (P<0.05 or P<0.01). The results of multi-pollutant model
analysis showed that SO, and NO, had more stable and significant impacts on the pediatric respiratory disease outpatients when they
coexisted with PM,s, O;, and CO, and the related ERs (95% Cls) were 1.54% (0.49%-2.60%) and 1.21% (0.67%-1.74%), respectively; NO,
showed the strongest effect when it coexisted with PM, O3, and CO, and the related ER (95% Cls) was 1.41% (0.88%-1.95%) (P<0.01).

[Conclusion] The ambient PM,s, PM;,, NO,, SO,, and CO concentrations are positively and Os; concentration is negatively associated with
daily hospital pediatric outpatients due to respiratory diseases in Shanghai. The ambient NO, and SO, have more significant and stable
synergistic effects in multi-pollutant model analysis compared with single-pollutant model analysis.

Keywords: air pollutant; child; respiratory disease; time-series analysis
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(Diow) +hntercepto T 2 E (ye) AL tBITIZRIZ AR ; 10 pg'm?, [ NIZ 2L INABENZILE (excess risk, ER)
BARBRMNXRARZI ; ZNEFEtHRESSTRY) K E 95% B =X 8] (confidence interval, CI) o

KE, pugm?®; ns NEBRAFBERRE ; t BT

2, v NEHBE ; Ten NE t BNTIYRE, Bf1:°C; 2 4

Houmiaiy 7950 t BAESTRE, B © % ; Duow NRBREHER 2.1 —fEIE)

JU N NI ZE & ; as.factor ASTRIFWRLE, BT S 2013F1H1H —2018F 12 H31HZ&E & &
B REFE 5 linvercent /95 ERELEE I, FE)LENTIZRiI2E &1t 777865 AR, BRI &
ST A (lagd) WASSRYSIIIZHMIZE 355 Ao 6 FE{8], PMys« PMyo. NO» SO, O F1CO H

Both, A ARBEMNMEBREERN S, & B KRE 9D 5 9 48.60. 63.96. 47.63. 15.86. 120.09.
KM EIRE 0~7 d B EMA (lago~lag7) FIEFH  857.35ug:m™ ; HAREAEINTFIISREN 17.97°C, FiY
R (lag01~1ag07) o TE AR SRYIKRESHS  AXNIEEN 69.45%, SIEITEEDRIFIENLR 1o

R1 2013—-2018F LiBHEER) LEIFRASERE 1IZANR. KREERMES|SKEARDHIFE
Table 1 Descriptive statistics of pediatric respiratory disease outpatients in a hospital, air pollutant levels, and meteorological factor
levels in Shanghai from 2013 to 2018

E% HARS s EEE’J‘\@ Pr Pu Pr =AE ﬁ?&?&ﬁ
Variable n Min Max Not available

PR RS0 5 %1 112 AR 8 (Respiratory disease outpatients) 777865 355.00+111.09 104.00  273.00 350.00 417.50 752.00 0
KETRYRE (Air pollutant concentration)

PM, s/ (ug'm™) 2164 48.60+35.56 3.00 24.00 40.00 61.00 491.00 27

PMyo/ (ug:m®) 2129 63.96+40.66 3.00 37.00 54.00 79.00 483.00 62

NO,/ (ug:m®) 2166 47.63£20.95 7.00 33.00 44.00 59.00 147.00 25

S0,/ (pg:m?) 2174 15.86+11.41 2.00 9.00 13.00 19.00 91.00 17

0,/ (ng'm”) 2173 120.09%53.94 14.00 82.00  107.00 145.00 394.00 18

o/ (ng'm”) 2166  857.35:319.41  100.00  623.25  800.00  1000.00  3305.00 25
SR EZE (Meteorological factors)

IR /°C (Average temperature/°C) 2191 17.978.63 -5.50 10.40 18.80 24.70 35.50 0

TIGFENT RS /% (Average relative humidity/%) 2191 69.45+13.84 25.00 60.00 70.00 80.00 99.00 0
2.2 REBRMES[KIERVEXME HIRAPM 550, (r=0.727) ; BRO; 5T REEIE

SRR SRYRENSKIBIRNERED T BRI, HbASSERYY S TR EMNFIYHETE
ZRBER, KESTYIKESSKIEGZEEERAX EEHEX. SEFEEXXRLE 2
XA CHPEXMERBENZ PM,s 5 PMy, (r=0.881) ,

&2 20132018 F EBEHREBNRAISRMS[SKAREXE ()

Table 2 Spearman correlation between air pollutants and meteorological variables in a spot in Shanghai from 2013 to 2018 (r)

= = ST LS H : N N
e KETEYIRE (Air pollutant concentration) TR TR
Variable PMyo NO, 50, 0, co Average temperature Average relative humidity

PM,s iREE (PM,s concentration) 0.8812 0.6912 0.6772 0.1142 0.666% -0.285° -0.230°
PMyo 7K E (PMy, concentration) 1.000 0.6382 0.7272 0.1972 0.5892 -0.229° -0.457°
NO,&RE (NO, concentration) 1.000 0.6072 -0.162° 0.5652 -0.463° -0.186°

SO, REE (SO, concentration) 1.000 -0.033 0.502° -0.444° -0.530°

05 R (05 concentration) 1.000 -0.085° 0.623° -0.210°

CO ;REE (CO concentration) 1.000 -0.287° -0.070°
158 (Average temperature) 1.000 0.2172
TIFEITZE (Average relative humidity) 1.000

[>* (Note)] a : P<0.01,
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M (P<0.05 3¢ P<0.01)o 7 lag3. lag4 1 lag04~lag07,
PMos BF 5 10pugm?, X LEMIRRAERI JIZE
BREEmkEZ2RIEEEM, 7957 lags M 1ag07 2
&N E &, ER70.32% (95%Cl & 0.12%~0.53%) #0
0.59% (95% CI : 0.15%~1.03%) ; PMy, {¥ 7E lag3 X3 J L 2
IR RS EKIVIZEB HERM, ER790.19% (95%
Cl : 0.00%~0.37%) ; NO, 1 lag0~lag7 #1 lag01~lag07 X3
JLEMIR RS R N2 28 AREENFEFMA
KIVHEEEM, D 5TE lags F 1ag07 N RN EE, ER
3 51 9 1.06% (95% CI : 0.67%~1.45%) #03.05% (95%

Cl: 2.24%~3.87% ) ; SO, 7 lag0~lag7 1 lag01~lag07
T LEFRASER 22N EFAREEN TR
K RIEE M, 79 501F lags M lag07 Mz A E
=, ERD 559 1.86% (95%CI : 1.08%~2.65%) F14.90%
(95%Cl : 3.31%~6.51% ) ; 0 RES) LEF R ASIE
JEIJIZEE X, lage M lag07 BIMINREE , ER5
79 -0.21% (95% CI : -0.38%~-0.05%) #1-0.56% (95% CI -
-0.93%~-0.20%) o COREXT) LEM K R FIRFBF
Me 3 BARINTE lagd 1 lag5, ER 53319 0.30% (95% C
0.07%~0.53%) #000.24% (95% CI : 0.01%~0.47%) o Lt 3%
&, lag3 BY PM,s. PMyo. SO, FNO, XF) LEFEIR £
S NIZENEETREENZ M, 256128
110 0.28%. 0.19%. 1.11%. 1.82%, JEIL3 3,

&3 20132018 FASBRYN LighRER) LEITFR A RERETMIZ AR M HER N

Table 3 Excess risks of pediatric respiratory disease outpatients in a hospital for per 10 ug:-m? increase in air pollutants

in Shanghai from 2013 to 2018

AL (Unit) © %

S PM,s PMyo NO, S0, 0, co

Lag time ER 95%CI ER 95%CI ER 95%CI ER 95%CI ER 95%CI ER 95%Cl
lag0 0.10 -0.11~0.31 -0.05  -0.25~0.15 0.89° 0.49~1.30 1.39° 0.53~2.25 -0.16  -0.37~0.04 0.09 -0.13~0.32
lagl 0.01 -0.19~0.22 -0.06 -0.25~0.13 0.76° 0.35~1.17 1.32° 0.48~2.16 -0.16  -0.34~0.03 0.05 -0.18~0.28
lag2 0.18 -0.03~0.39 0.09 -0.10~0.28 0.92° 0.51~1.33 1.74° 0.93~2.55 -0.02  -0.19~0.15 0.12 -0.11~0.35
lag3 0.28° 0.08~0.49 0.19°  0.00~0.37 1.11° 0.71~1.51 1.82° 1.03~2.61 0.02 -0.15~0.19 0.22 -0.01~0.45
lagd 0.32° 0.12~0.53 0.18  -0.01~0.36 1.06° 0.67~1.45 1.86° 1.08~2.65 -0.11  -0.28~0.06 0.30° 0.07~0.53
lag5 0.18 -0.03~0.38 0.04  -0.14~0.23 0.85° 0.45~1.24 1.50° 0.71~2.29 -0.16  -0.32~0.01 0.24° 0.01~0.47
lag6 0.05 -0.16~0.26 -0.09  -0.27~0.10 0.56° 0.16~0.95 1.00° 0.21~1.80 -0.21°  -0.38~-0.05 0.16 -0.07~0.39
lag7 0.10 -0.10~0.31 -0.03  -0.22~0.15 0.62° 0.23~1.02 1.16" 0.37~1.96 -0.21  -0.37~-0.04 0.23 0.00~0.46
lag01 0.08 -0.17~0.33 -0.08  -0.32~0.15 1.06° 0.59~1.54 1.93° 0.92~2.96 -0.23  -0.48~0.01 0.08 -0.18~0.34
lag02 0.15 -0.13~0.44 -0.04  -0.31~0.22 1.40° 0.86~1.95 2.52° 1.40~3.65 -0.21  -0.47~0.06 0.08 -0.21~0.37
lag03 0.30 -0.02~0.62 0.04  -0.26~0.34 1.90° 1.30~2.52 3.16° 1.95~4.39 -0.16  -0.45~0.13 0.13 -0.19~0.45
lag04 0.47° 0.12~0.82 0.13  -0.19~0.46 2.35° 1.69~3.02 3.80° 2.50~5.11 -0.23  -0.53~0.08 0.22 -0.12~0.56
lag05 0.54° 0.16~0.92 0.11  -0.24~0.46 2.65° 1.94~3.37 4.19° 2.79~5.60 -0.32  -0.64~0.01 0.26 -0.11~0.62
lag06 0.55" 0.14~0.96 0.02  -0.35~0.40 2.80° 2.04~3.57 4.47° 2.99~5.98 -0.45" -0.79~-0.10 0.28 -0.10~0.67
lag07 0.59° 0.15~1.03 -0.04  -0.44~0.36 3.05° 2.24~3.87 4.90° 3.31~6.51 -0.56° -0.93~-0.20 0.34 -0.07~0.75

[E]a: P<0.05 ; lag0~lag7 AFMTHEEIO M E X ZERIZE 7 B ; lag01~lag07 NFHINAENERTRFR 1~7do
[Note] a: P<0.05; Lag0-lag7 indicate the 1st to the 7th days before pulmonary function test respectively; lag01-lag07 indicate the days of 1-7d before

pulmonary function test respectively.

2.3.2 ZEZHEE AFRRSERYBBRER M
BIRE N ST RN HEFE M, KIBHEHEMN
BRI K SCHk IR E 0, &1 lag3 N {EH#
EH, BITEHKAEBNNETEEHRE
(4~ F) RIOWBAENREM. TEEHER, &
BFERNXATHURD, RAEEMUERITF, £
#F spearman X REUNF 07951, FEZ

SRYIER ST HREL 1 NSRRI PM, s NO,. SO,
0;f1co, EFXY]IZEF MRS EZY A NO,
150, (P<0.01) ; A2 44 N 55 2 ¥ PMy. NOs O;
fco, EFIIZEF MR AT EY A NO, (P<
0.01)o FTATEZ S MIRELH, NO, F SO, IR MK
SREZE, B PMys. PMyo. 0s. CO 5 ¥ R R 39 4 B
55, iR 4.
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&4 20132018 FAFSRY¥ LighEER) LEIFIRF
FRIERRMIZ NN SIS RMER 2R
Table 4 Excess risks for per 10 ug-m? increase in air pollutants on
respiratory disease outpatients in a hospital by multiple-pollutant
models in Shanghai from 2013 to 2018  E21iI (Unit) : %

o A sE3py FBEAXPE (Excess risk)
Air pollutant ER 95%Cl
181 (Model 1) PM, -0.16 -0.52~0.20
NO, 1.212 0.67~1.74
S0, 1.54? 0.49~2.60
0, -0.10 -0.28~0.08
co -0.03 -0.06~0.01
1A 2 (Model 2) PMyo -0.12 -0.39~0.15
NO, 1.41° 0.88~1.95
co -0.01 -0.05~0.02
0, -0.05 -0.24~0.13

[£ (Note)] a : P<0.01o

3 g

ERINRITRERRETR, KRSRYIGEAARK
EASS5ABELOME. HkAAEFERN 1122
TEREYMEX W, ) | BERAFEKLEE, BT ERE
ERE, FRAZRTFEKLENEER, MZRBRSA
HEXTESS, SBLERERAT TS5 RE B,
Fr AR IR R AR R 112 2R RMAS
SRS ) L BRI 1,

ZhangE W AT T LiBM AR TR EMHIER
AGEREINI2E0NFN, AMEKISRESEIN—Y
SAIEEIEE, ) LBIEIR RS, EMEIRE R RS
MEEMMREN 2222 EE B M. L%
PETERERE58B0~4%) | E EMERERRK]
L EZBINXEX, &I PM,, 1E lag3 F1 PM, s\ SO« NO,
Al CO 7£ lag06 18 3 12 X 2 53 5! 3% 0 0.15%. 0.38%.
2.92%. 4.47%, ZhuEW DIFT K SR5/LESH
TR EREREIZEZEIIXEL, LI PM. NO,
SO, FIEIN— MU U KiEEE, 6d RIRITIZE D 511G
I 2.8%. 4.1% F15.6%0 Song F ' DI TAREKRS
SRS LEMIR RS ERZEIRIXEX, lag0l BY NO,.
PM,s F1 50, B Il 10ugm?, MIRAFKEFI 12 E
10 0.66%. 0.13% F10.33%, ZsF i@ BT (8] 51 59
My &I PM,s. PMy. SO0 NO, FICOSFIT Y=
FE10pgm?, WLEFRAZEFNITIZE9E
FEZEEMNEM, BEMT5RY MNP SN
MIEE ARG £ lag3, PM,s I 10 ug-m= ) LRIIFEIR
RSEEMIZ N TG AN 0.28%, PM,y = fE1 12712

X B3 70 0.19%, NO, ERLIZ X B2 IE I0 1.11%, SO, f&E
M2 R QIE A0 1.82%. T X FISRYIRE. K7D
FER, AARZIHMIZNEES XEMIRER T
B, EMERERILIRRE, AARGRIMMNEK
INFA LA ESCRREE R AR — 3, BIRLIZ X {E ERRIN A
S0,>NO,>PM, 5>PMyo FITLL, FLER TSR D ITLE R XK
&, SO, FINO, X N2 ENF MR EM 2 TR E
E. KHAREDHT 0;F cOXY) LEMF IR RS ERK )
LENFEMm, Mo, 5 IiZEEHEX, ZERSLL
FHPIREARR", REAEET B0, TENE
THEE, EFRES. LFRER, B)LEFEKRR
RERNWERRELZELSE, ME2FREBOX)LE
IR ARG 112 ENEMEsS, NS EHERRZE
T 0; IR N 9 Mo BRI HIRER 0, R LS
RE5BonoFEWMLUEWHIRELER -, BLXM
CoXt) LEMIR RS TETm| 112 EFEF a1,
HTFARSSRYINEREMO] 8N SIS EY
HHEBEFM, KENEIFIDTBIUE ZTRY
REF RO LE W HHRET, KRISEPM,s.
PMio. SO, NO, I COTE R ITRMIER T, 50714 %
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