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Abstract: To quantitatively evaluate the synergetic effect of ambient temperature (AT) and PM, 5 on different diseases’
emergency room visits (ERVs) in Beijing. After considering some potential confounding factors, such as long term trend
of time series, “day of week” effect, holiday effect, and relative humidity, the generalized additive models (GAMs)
including non-stratification model, nonparametric bivariate response model and temperature-stratified parametric model,
were used to analyze the exposure-effect relationship between PM, 5 and ERVs in different temperature conditions from
2009 to 2011 in Beijing. The results showed that, the health effect of PM, s significantly enhanced under higher
temperature with the temperature stratification critical value increasing. The exposure-response relationship between
PM, s and ERVs appeared most significant when 28°C was chosen as a critical value. The effect estimates per 10pg/m’
increase in PM, 5 corresponding to 0.15% (95% confidence interval (CI): 0.11%, 0.19%), 0.35%(95%CI: 0.26%, 0.44%)
and 0.34%(95%CI: 0.09%, 0.59%) increase of total, respiratory and cardiovascular ERVs on high temperature (>28°C),
respectively. However, there was no statistical significance when the temperature was less than 28°C. It means that there
was a synergistic strengthening effect of high temperature and PM , 5 on public health in Beijing.

Key words: ambient temperature; PM,s; the synergistic effect; the generalized additive models

AR, R ABUR 51 K ) 55 R S R R SR R AR R B G 22 O SR
AR B 22 AR R A) (PML s) W) NREAEE BIEFK) R0k BT 3R R 5 AR AR AR A e 1) 5% Uﬁﬂj
SR SO T I B R R R — B
BFSCAE I, SO 0 SR AR PMys Tt e 2 O
. ’ . 25 T G RS TR ST HOL S IEQXIK201601);
PR WA BRI, TR AR A O Il ¢ T R AC V11201 6 YFA0602004); i 5¢ AR 2 42(91644226); [
I LA S, T B AN R AN TR U s e o557 £(2005PK A32400),

5 IR TR AR B S W AR W SUEAE, YT, zhangy881208@126.com




3176 i 7N

OB 37 %

NETRRTIN {7 e R R P A PN N (€5 35
FE A Rz, B A BE BT
KRB “17 B, V7 BEE “U” B ATRHE,
B A RS B K D0 B B AR T AL
fe /b AH T e B AR, B e S EUR S TN
Bk it

FEl Y A AR DR A s MDA T IR 2 (A
R IR SRR A T 5 I B A Y
JIHERY T 98 SR 23 3l e N A4
FRIAN KL 52 Wi e 45347 AH AAE (R 3K 28 F 5 A 1A
00 TS B B A U il B wE S
X N A R PR 58 Wi N AR A T e A iR
A DR 22 0 CAHE I 10 6 BHF 595 G 0 0 N A fie g
(105 W0 I, SCAE AT A0 IR AT D TR 2% A 3R % 1.
92 b AR N AR B (5% Wi 45 R R i
(A REE /PR & S N PR (S N
AT AR — ol U PO I VS 2 R 3R ) B Ak PR S
HAT 52 [ 1 0 5 I, B AR08 OK <7
G RRAS 5 LA 2 v e ) 1) ol B 8, (R g e
FAF R A AR AR AR TS Ry B <
G553 IR T A0 A T 2 T e B Sk
KA B 1) 9 55 JF AN I IS AFAE 19, T 76 4
SE B AT RAL N I, 2 50K 75 Y )
A5 ZK P 5 TN LA 2345 25 18 O B R A 5%
NREAR RS2 45 R P NAZ A W T Al
RGP T I IS R AT AT — R B
FEBRIR 2% 2 B A B AR — 5 T i
PE DR B, B AN 125 T e 1M SSHIE 9T, &
PURR 5 BT A A BR P 52 W0 A7 AE P [7)
A 2R [ Py ST 12 THI () B 0 e A
R T AT TR T I 4 [ Bl A fE
8 VP T AR T IR TR 3 A B ) SCRT AR 2
(GAMS), LA 2 2 O 56 53 28N Fi e, 8 RO 11
R WKL 5 B A AE Rt AE AR, 5 72
S8 VPN AL BT T AR AT PMys B[R FRAH G
PRI 22 e NBUR R .

1 EREHE

BRI
It P B R K dle

1.1

1.1.1 KRR 51

FECE R 3 K= ELEA b 22 BHE
FC AR 2000 £ 1 H 1 H~2011 4£ 12 H 31
H& H T 12 50k R [ By 7 FEPRtE SR 10 i
(ICD-10)" St 955 1 98 R T 40 S4B B0 W 41 112
HHEACD10: A00-R99)IL 1T 895833 45, I i
Z 4t ¥ i (ICD-10 4 5 :J00-J99) 55 1 %% K}
246872 B EM R SR (ICD-10 Zifid: 100-199)
Wi TR 52203 B A SRR 1200 (s S
fFEEtisRlE. M2 ID 5. Sz HM. Bie
b R K o A 1 A5 AR R AR K AR R E A
B Al A T AR TR, AR ORI T 5L
S L N
1.1.2 RAIREIRITRL  AHEFT VG 44
PaFEH 2009 £ 1 H 1 H~2011 412 A 31 H
PM, s (1) H 345 B AR, R T A6 50 T B AR 2 Ak MY
(http://www.bjee.org.cn/cn/index.php), ZE 6 1 54
SERETCHE.
1.1.3 ARVELRIE AR RRE TP EA
SR B S M 55 I v e <% BRI
#2009 4E 1 H 1 H~2011 4F 12 H 31 HiWH
BB RL AEE H I SECC) AR E (%) Al
P4 R (m/s) 55
1.2 Feilorir

P B A 2 244G SQLserver2014 Fil
R3.1.4 GE vk B, b £504is e 8 SQLserver2014
FH R B e s 9 Bt 6 AT 48020 25 ) R B
(1) “mgev” FRAFCURTEAE BT AR E BT

GAMs X XM (GLM) I AES B ),
5 GLM BB, GAMs BRI AE— A Fids ik
SE [R5 28 ol B A P 1 B0 SR 3, R b A
R G5 1) 7 B ATE TN B SR 5 1) AR R e
(17, 5 fi S WA S f B 5 o AR 2 () P A i
KR, IT HHs 2SR/ BB ] [ A [] 1 4
A AR Ze 1 ¢ R AR 5,10 Ja LA AT 205 | A
U ER LT GAMs B — R BI04 2, H
T A K5 R B SAT I 2 Wi 9T B b o
AR R H 202 tie NEUE T
MR A, LS bR oA — M AT A A AL T Poisson
I3 A, IR I, A SRS Poisson [F]JH ) GAMs
AR a6 5T 85% 1K <75 Yt fvki ),



8 1Y ik AEAE S PMy s DR REIAE RIS OW 202 i N B2

3177

UL 20 RORE ) 75| S 1), 2% R 38 40 RO A (2
& PMy s) &8 AL T ) 7 2295 94,01 H. PM, 5
AT H(S05 NO,. CO Hl 0T 1R
(1 I T R bk 78 S B I A 5
P BTG QR

TEERTT PMy. s b5l AR HE 52 9 1) By
[F) 24 . 22 T, B 56 SR 9T H AR AR A A [
TR B2 2 W 5% W . DLW 2R G 0 h
o B, T X (1) i s, B DA 2R 8 9 H 2ie
SIS N HA Wi AR e 47 ) I ) A 3
B H RN BRI . AR R PMys 1)
S5 WE IR AR A SRR D2 e B
KRR FEARRL N
log[ £(¥,1X)]=s(time, bs="cr", 21)+as.factor (DOW)+
as.factor(Holiday)+s (RH Jbs="cr", 3) +s(Wind,
bs="cr",3)+s (T, bs="cr", 3)+PM2.5+a=
s(T, bs="cr", 3)+PM25+COVs

(1)
XY NS« HINES e NG EQRX) 05 ¢«
HZ2 iz MBI B, DOW D A2 N AL &
(DOW,DOW=1~7); Holiday 4 51 H % W 4%
R H A LA 0); o AFRZE; AWFFUR
PRSP R sOM A ARt B A2 & A FE I A
(time, time=1,2,...1095). A%V & (RH) A<
(1) MR 48 A 5 SCRR T AT AIC {6 € 2 % A th
FEtime HHEN 7/a, T F1 RH WEHMHER 3,
PM, s IEHUR Al i — R (lag0 1, W5 H 24 K 5 7
— RV YR E IRV ik P,

5 PR S PMys B AR AT
FHOCII I B2 A2 IR 0.1 50, SE ANy SR A Y
(nonstratification model), R 1~ £E AN ] 1R 7 J B[]
ZA T (G A EHN 1 K Tag0, Fiis fi— K lag 1, 5Ly
JEWR lag2 R A3 5K lag01), V34 <Al
PM, s FIBMAIE IR AR S 22 502 B S 2
T RA G FE SRR P<0.05.
log[E(Y,)]=5,PM, s +B,temp+; (PM, 5s:temp) + @)

COVs
Uy A PMy.s X9 53 MED RO ) B R [T 21
B B h R ARSI 5 I 8N (0] U 2R
B3 1 PMy.s Al 3 A4 O 2 Fg ] U1 2R 5

T FIRF ST LA b N AR 28 e Y
#i%d (nonparametric bivariate response model),
PP B PM s b R R AT S50 5%
) = 2 ST A B S A P 2 AT PM s 0 AT
P AE F 235 1) 3 A R AL, DU 8¢ — 38 B[R]
AE TS AN [R) 5905 1 52 Wi

log| E(Y,1X) |=TS(T,PM,5)+COVs  (3)
TS A AR 45 R 2L, COVs AR (1),

o =0 T TR IR 70 JE A (temperature—
stratified parametric model). H 5 AH 5 SC k! A1
R B 0 3 i S IV O 2R e ] A UL
J2 73 T2 R W S (B AED), A TR AN TR L 73
JE AR PMys X AN 22 5t ie NEUH) 52
Wiy 2 15 A e v o S Bk i i P A AR A
PM,. s 5§ 95 53 W) ) B ) 280

MW GAM BB SLH B R 8 Abs
WE1R 75 (SE: Standard Error), WA 1 % V5 Y ) { B
RN 8 B VP 205 AR LR I Ac I8 A4
KPR 118 N EOH B i 73 B (ER%) M H
95% EAF X [0 (95%CD T A K, 2 W (4~5):

ER% = (exp(Ac-£)-1)100% (@)
ER%(95%CI) = [exp(Ac-(#£1.95SE))-11100% (5)

2 HFR

21 2eHz NBERSHEEZ MR
it

& 1 ATLIAEH,2009 4 1 H 1 HZ 2011
12 H 31 HERZ2 N WPIRCR G R IR
RGNV RITIE NE 58 818.1 4.
225.5 BiIF1 47.7 5, AP PR R GEFIEIN R GE0R
93 20 5 o S R N B 27.56% A1 5.83%. L 5U)E
T IR U 2 Y K Bl P 2 XA AR R A
13.15°C HIXHRREE N 50.43% 75T I B, AL 3T
FERUGTRY) PMys FIRE R 67.89pg/m’
(F 1),CLHEEH TEZK GB3095-2012 Frik
HORLE I R SR AR IE(PMy s R38R IE —
FobrvE Ry 35ug/m) ML BEST I BN (1095d),
PM.s BFRREA 815d(74.42%),3% 15 LLAES g
Grit g B — 203K A0 URE A 2 R b BT g
159,



3178 i o R % 37 %
Fz 1 2009~2011 FEAFEFTRICHIZAE. ERESEMESKERMIRES
Table 1 Descriptive statistics on hospital ERVs outcomes, air pollution levels and meteorological variables in Beijing,
China, 2009~2011.
I H B bR 22 s/ ME P25 P50 P75 [N
R EAET
MEae AR 818.11+150.06 431.00 719.00 817.00 913.00 1569.00
R EENLS PN 225.50+89.80 70.00 169.00 208.00 255.00 882.00
TR RGBT NI 47.70£11.20 16.00 40.00 48.00 55.00 84.00
[EWE
SFHRIE(C) 13.15+11.54 -12.50 1.80 14.80 24.20 34.50
AN (%) 50.43+19.80 9.00 33.00 51.00 67.40 92.10
P4 R (m/s) 2.24+0.91 0.51 1.50 2.10 272 6.42
5G4
PM, s(pg/m’) 67.89+46.36 439 34.68 57.38 88.90 294.83
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Fig.1 Dose-response association of mean temperature with different systems diseases ERVs in Beijing, China, 2009~

2011. The solid lines indicate the estimated mean percentage of change in daily ERVs, and the shadow part indicate
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95% confidence interval

Table 2 Coefficients of the main and interactive effects of mean temperature and PM, 5 on hospital ERVs in Beijing®

pRES g lag0 lagl lag2 lag01

B -0.10(-0.36,0.15) 0.28(-0.15,0.71) -0.08(-0.47,0.31) 0.12(-0.03,0.27)

2 NEL B2 0.49(-0.05,1.03) -0.07(-0.24,0.10) ~0.04(-0.17,0.09) 0.31(-0.28,0.90)
B 0.85(0.34,1.35)* 0.23(0.07,0.39)* 0.41(0.07,0.75)* 0.22(0.09,0.34)*

B 0.46(-0.10,1.02) 0.92(-0.25,2.09) 0.02(-0.02,0.06) -0.28(-0.70,0.14)

LRSS b -0.48(-1.37,0.41) -0.25(-0.81,0.31) -0.28(-0.69,0.13) -0.14(-0.35,0.07)
B 1.18(0.20,2.16)* -0.25(-1.10,0.60) 1.42(0.77,2.06)* 0.86(0.65,1.07)*

B 0.26(-0.01,0.54) 0.20(-0.05,0.46) 0.19(-0.07,0.44) 0.43(-0.16,1.02)

IR RGN i3 0.05(-1.50,1.61) 1.37(-1.65,4.39) 2.10(-0.96,5.17) 0.24(-0.04,0.52)
B -0.04(-0.06,-0.02) 0.03(0.02,0.04)* 0.03(0.01,0.05)* 0.04(0.02,0.06)*

VE* P <0.05; "5 T 2 ERLL1000;1ag0: 24K, lagl: SUS IS HIHT— % lag2: SU2 L2 IR K; lag01: 2022 U R 51— KA T HIMH.
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Fig.2 Bivariate response surfaces of PM; 5 and temperature for different health outcomes in Beijing, China, 2009~2011
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Table 3 The estimates of mean percentage of change
(95%CI) in daily ERVs per 10pg/m’ increase in PM, s
concentration across temperature levels using
different cut—offs.

Cutoff T AREAE WRARGIR IR RGN
ut-o

(95%CI) (95%CI) (95%CI)
1.0 High 0.06(0.04,0.09)* 0.08(0.01,0.16)* 0.03(-0.02,0.08)

Low 0.05(0.06,0.04)*
High 0.06(0.04, 0.07)*

0.08(0.06,0.10)* 0.11(-0.03,0.26)
0.05(0.02, 0.08)* ~0.06(0.12, 0.00)
Low 0.03(0.04, 0.02)* 0.06(0.04,0.08)* 0.01(-0.02, 0.04)
High 0.07(0.05, 0.10)* 0.15(0.08, 0.22)* ~0.07(~0.19,0.06)
Low 0.06(-0.03, 0.15) 0.03(-0.01,0.07) 0.01(-0.03, 0.05)
High 0.12(0.06, 0.18)* 0.15(0.06, 0.24)* ~0.07(~0.20, 0.06)
Low 0.04(-0.05, 0.13) ~0.01(-0.02, 0.00) 0.01(-0.02, 0.05)
High 0.15(0.11, 0.19)* 0.35(0.26, 0.44)* 0.34(0.09, 0.59)*
Low 0.05(-0.01,0.11) 0.04(-0.01,0.09) 0.01(-0.03, 0.04)

VE:* P <0.05.
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