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District Center for Disease Control and Prevention, Shanghai 202150, China)

Air quality health index (AQHI) has been widely used to quantify the health effects of multiple pollutants observed in
population-based epidemiological studies, and can better reflect the widespread linear non-threshold between air pollution and health
effects.

To explore an AQHI for pediatric respiratory diseases (AQHI,) in Shanghai and evaluate its feasibility.

The daily numbers of hospital outpatient visits for pediatric respiratory diseases from 2015 to 2019 were obtained from five
general hospitals in Xuhui, Baoshan, Hongkou, Jinshan, and Chongming Districts of Shanghai. Monitoring data on air pollutants (PM,,
PM,,, SO,, NO,, and O;), air quality index (AQl), and meteorological variables (temperature, relative humidity, air pressure, and wind
speed) were collected from five air quality monitoring sites nearest to selected hospitals. Time-series analysis using generalized additive
model (GAM) was conducted to estimate the associations between respiratory-related pediatric outpatient visits and the concentrations
of air pollutants. The sum of excess risk (ER) of hospital outpatient visits was used to construct AQHI,. To assess the predictive power of
AQH]I,, the associations of AQHI, and AQI with the number of pediatric respiratory outpatient visits in three hospitals in Xuhui, Hongkou,
and Chongming districts were compared.

Air pollutants had various effects on respiratory diseases outpatient visits. PM, s, NO,, and O, had most significant impacts on
lag0 day and the associated ERs of hospital outpatient visits for each 10 pg-m™ increase in pollutant concentration were 1.27% (95%CI:
0.88%-1.66%), 0.75% (95%Cl: 0.40%-1.11%), and 0.36% (95%Cl: 0.10%-0.62%), respectively. PM,, and SO, had most significant impacts on
lag3 day and the associated ERs of hospital outpatient visits for each 10 pg-m™ increase in pollutant concentration were 0.81% (95%CI:
0.51%-1.12%) and 5.64% (95%Cl: 3.37%-7.96%), respectively. There were significant effects of combinations of two pollutants among
PM, s, PM,,, NO,, SO,, and O, except for PM;+NO,, SO,+PM,, and SO,+NO, (P <0.05). According to the results of single-pollutant and
two-pollutant models, PM,s, NO,, SO,, and O; were selected to construct AQHI,. The comparison showed that for every interquartile
range increase in AQHI,, the ER for pediatric outpatient visits was higher than that for the value corresponding to AQl.

Air pollutants in Shanghai have an impact on the number of pediatric respiratory outpatient visits. The AQH]I, based on and
outpatient visits for pediatric respiratory diseases can be a sensitive index to predict the effects of air pollution on children's respiratory
health.

air quality health index; air pollution; health effect; respiratory disease; outpatient visit
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matter with median aerodynamic diameter<10 um,
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HEIBRE-RNXARY B TEEAKRSRYKE
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X Fo ER,=100x[exp(B-px)-11c TVH: ER, S ZY) i
EE t RFTSHHNWER RFAEHRBIAIZ KK, o,
ATEY I EEtRNBNRE, BRRATZSKTE
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& AQHI(AQHI,) , BE INERMIDRATEY, IKE AQHI,
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7 E R AQHI,
AQl 3t _EiETH) LEMIR R FRE RS AR ERBIFINRL
R, DHAMIESRESEN— USRS 2 BE
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RERRI1IZ AR A NRBN, SRR RE 2 ER
A(11—4 B). BB(5—10 B) WE"H AQHI.. AQl #k{E
DRNMNBS BT D IRE, ADUEEAITER
FE, 130 AQHI, 1 AQl BYFIUIIEE /70
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ER) LZEFRASKER 2 ARBRHEES5R
Y. SKREZENERESRIT IR 1 HREAEIHIER
1826 d, 2112 ARELA 1625115, HIY1112 AREL
77 889.99; PM, .« PM,,. SO« NO, #1 0, F9 H IR E
535079 40.47. 55.17. 9.94. 36.43. 116.04 yg'm>; H
T S0R. BAWEE. SEMXESD 514 17.36 °C.
76.33%. 1 016.19 kPa # 1.84 m-s ™%

RKRGERME[SZRAZZBNEXE S TRAE:
PM,, 5 PM, mEIEAEX, HHXF%K r=0.873(P<0.01);
BE. EXEEMNXIES PM, . PM,, SO, 1 NO, 2
X, 0, 5IREZIEMEX(Y P<0.01), MK 2
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&1 2015—2019 F Li5H 5 RERR) LEFRALAGER 12 ARBRMHEE 5. SKEENERYEST (n=1 826)
Table 1 Descriptive statistics of air pollutants, meteorological factors, and pediatric outpatient visits due to respiratory
diseases in 5 hospitals from 2015 to 2019, Shanghai (n=1 826)

B (Parameter) BHx) AOEEES) &/IME(Min) Ps M Pys RA{E(Max)

IR 2 4E5 1112 AR E (Outpatient visits for respiratory diseases) 889.99 291.76 278.00 673.00 848.00  1033.25 2350.00
ESSRYIRE (Air pollutant concentrations)”/(ug-m™)

PM,5 40.47 27.73 4.40 20.80 32.80 52.20 231.00

PMyo 55.17 31.77 8.60 32.60 46.30 69.20 250.00

so, 9.94 521 3.80 6.70 8.40 11.60 63.80

NO, 36.43 16.41 4.80 24.80 33.60 44.90 130.80

0, 116.04 46.45 8.80 84.90 106.80 138.10 327.60
S KR[EZE(Meteorological factors)

8 (Temperature)/°C 17.36 8.54 -5.82 9.83 18.24 24.15 34.10

HEXT R E (Relative humidity)/% 76.33 11.60 30.20 69.00 77.40 85.00 99.18

S E (Atmospheric pressure)/kPa 1016.19 9.06 989.49 1008.48 1016.18 1023.22 1039.58

KE(Wind speed)/(m-s™) 1.84 0.68 0.40 1.40 1.80 2.20 6.70
[ 7 (Note)] *: n=1 825,

2 2015-2019 & i 5 RERMELNSRA SIS RIS SRERIT 2 AR
Table 2 Correlations between air pollutants and meteorological factors in monitoring spots
near 5 hospitals from 2015 to 2019, Shanghai
28 BE HESHEE SE XE
Parameter PM.s PMio 50 NO, 0 Temperature Relative humidity Atmospheric pressure Wind speed

PM, 1 0.873" 06247  0.689" 0.215" -0.285" -0.204" 0.180" -0.342"
PMyo 1 0.688"  0.649" 0.266" -0.275" -0.472" 0.240" -0.250"
SO, 1 0.390" 0.065" -0.343" -0.475" 0.338" -0.171"
NO, 1 -0.250 -0.445" -0.162" 0.382" -0.546"
0, 1 0.468" -0.300" -0.439" -0.120"
B E (Temperature) 1 0.196" -0.886" 0.005
HBXFEEE (Relative humidity) 1 -0.320" -0.059
SE(Atmospheric pressure) 1 -0.064"
RE(Wind speed) 1
[ 3E (Note)]*: P<0.05, **: P<0.01o
2.3 BHEIFSIS 2.3.2 WsZHEEL RNE—F KRS RIEIRY
231 BEEZYEL MRERER, FRNBEAS  BEML, i% lag0 ARIUSEYIEE S, B PV, 5

SRY) PM, . PMyoe SO,. NO, F1 O, 37 ) LE IR R 45
ERITZARBEREARZENEZM, WE 1. PM,.
NO, #1 0, 33J7E lag0 B, X PRIR R Fe & H 712 AR
HEMERK, BIRIZ XKD 5178 1.27%(95%CI:
0.88%~1.66%) « 3.61%(95%Cl: 2.71%~4.51%) #1 0.36%
(95%Cl: 0.10%~0.62%) ; PM,, #1 SO, £ lag3 BY X3 MEIf;
AAHER B ML NRBE MR K, BERLIZ K525
79 0.81%(95%CI: 0.51%~1.12%) F15.64%( 95%CI: 3.37%~
7.96%) , LA EEEFIIBHITF RN (P<0.05 F P<0.01)0

PM,s EEEIEMER(r=0.873) , WS RYIERIHRAN
Do BB DHERER, PMys. PM;. NO,. SO,
0, MR LFR, HIMARZEENEREBL, FR PM+
NO,. SO,+PM, F1 SO,+NO, BRI X5 RYIREE T E X,
HM s 2R E e, @RI BERITERNX
(P<0.05), WE] 2,
2.4 AQHI, %

RIEULARER, ERREFEEHNEE-RN
ElEAXR BREBSEYMKRE p Z AQHL RE
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PM,, NEEFMBREE, BELRHARIREL PM,/
PM,, 5 EbIX 73.4%, & AQHI BN PM,, EE ST A
BEFW, SEXHE, MANRSRYEEPEEXE
W75 8 B ch RN B 3 895 F W), BUERE PV,
NO,. SO, O; 57 AQHI, IBE TN I40y,=10/135.45x

100x[exp(0.001 260 7p,,, )-1+exp(0.005 485p, )-1+exp
(0.003 545 7p,, )-1+exp(0.000 501 5p,,)-1]o L&) LE
MR RS TR AQHI, F_EBTH AQl STEE D4zt st
Sl, BEMEARMBET M. RENDRITE, &
B AQHI, ZEXOFRT) LE R REEY AR W3R 30

16 16 16 [D] s.0 [E] 80
7.5
1.4 1.4 1.4 4.5 7.0
6.5
1.2 1.2 1.2 4.0 6.0
3.5 55
1.0 1.0 1.0 3.0 4512
< 08 x 08 x 038 X 25 X 40
g g s & £ 35
a 0.6 S 06 G 06 & 20 & 35
0.4 0.4 0.4 L3 %(5)
1.0 :
0.2 0.2 0.2 15
0.5 1.0

ol Of-----L -4~ 0 S of------------- O'g ,,,,,,,,,,,,,
o2 . g2l . 1. 02 -0.5 -0.5

lag0 lagl lag2 lag3
[ZE(Note)] Az PM,5; B: 0,5 C: PM,o; D: NO,; E: SOy

lagO lagl lag2 lag3

lagO lagl lag2 lag3

lag0 lagl lag2 lag3 lag0 lagl lag2 lag3

1 2015—2019 F EiBMERERAN 5 RER) LEFRASER BRI NREEGEBELIZ KL
Figure 1 The excess risks of selected air pollutants on daily outpatient visits for pediatric respiratory diseases in
5 hospitals from 2015 to 2019, Shanghai
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B 2 2015—2019 F Lig K USRFAEY LEFIRZR S5k HiBEI2 KLAIXS AR

Figure 2

Two-pollutant model of air pollutants on outpatient visits for pediatric respiratory diseases in

5 hospitals from 2015 to 2019, Shanghai

3 L) L EWRASER AQHI (AQHI,) &K | EREEEIRT

Table 3 AQHI for pediatric respiratory diseases (AQHI,) levels and suggestions for children’s activities

AQHI, RPEZELR (Level of health risk) ) LE 2 B2 R (Suggestions for children)
0~<3 1 XLBE (Low health risk) A IEE SN P JMERN(No action required)
3~<4 X B (Moderate health risk) D ZESNED(Reduce outdoor physical activities)
. %) LR BERFI(Unhealthy for children) B DEINERD, SNATUEDN, B REX P15 HE(Reduce outdoor physical activities as far as possible and acquire
L protective measures)
6~<9 = XUBE (High risk) NXH1E, B % =INEEN(Avoid outdoor activities and relocate to indoor facilities with doors and windows close)
9~10 &= KB (Serious risk) N XA, f2IEZEIMNEDN(Stop outdoor activities and relocate to indoor facilities with doors and windows close)

2.5 AQHI. AQl FLMZLR LR
AQH!, 1 AQI BYFIRE RELIRE R ER: FIE=E
F, RZAEHESE, AQH, BEEFAS— MK

B, L EBIMIZXKRE T A BENIEIRE; B
AQHI, A1 AQl R MEEIREIRY Gev B S RP BEIEEE
o 5RMNE 40
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#& 4 AQHI. AQI ¥ ki) LRIk ARG R HEBERLIZ KSR TRN L

Table 4 Comparisons of the associations of AQHI, and AQl with pediatric respiratory disease outpatient visits in Shanghai

AQHI,

AQl

HEBENRLIZ KPR ER(95%CI)/%
Excess risk of respiratory GCV
outpatient visits (95%Cl)/%

$5#x(variable)

BERLIZ NLER(95%CI)/%
R Excess risk of respiratory GCV R
outpatient visits (95%Cl)/%

£ (Whole year)

lag0 15.83(11.54~20.28) 14.876
lagl 10.94(7.50~14.49) 15.009
lag2 10.07(6.85~13.38) 14.972
lag3 10.45(7.27~13.73) 14.293
BE Z(Warm period)
lag0 6.04(4.02~8.10) 11.176
lagl 3.26(1.65~4.89) 11.412
lag2 1.57(0.11~3.05) 11.559
lag3 1.19(-0.24~2.63) 11.582
742Z(Cold period)
lag0 12.71(9.79~15.72) 35.941
lagl 9.87(7.47~12.34) 36.205
lag2 8.89(6.61~11.22) 36.127
lag3 8.63(6.38~10.92) 35.833

0.666 4.62(3.30~5.94) 14.951 0.666
0.664 3.40(2.22~4.58) 15.083 0.664
0.665 2.86(1.74~3.98) 15.090 0.663
0.666 2.59(1.49~3.70) 15.108 0.663
0.542 3.66(1.69~5.67) 11.454 0.534
0.535 2.13(0.50~3.79) 11.536 0.531
0.530 0.64(-0.84~2.16) 11.606 0.528
0.529 -0.62(-2.07~0.85) 11.599 0.529
0.283 11.63(8.95~14.37) 35.963 0.289
0.281 9.81(7.42~12.25) 36.210 0.283
0.284 8.89(6.56~11.26) 36.216 0.284
0.291 8.60(6.31~10.94) 35.932 0.290

[E1Gev: " XYARXIIE; BERR5—10 B, AERKX 11 B-XE4 A8,

[Note] GCV: Generalized cross validation; Warm period is defined as May to October; Cold period is defined as November to April.
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