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Abstract: [ Objective ] To assess the short-term effect of particulate matters with an aerodynamic diameter less than 10 um
(PM) on emergency ambulance dispatches for cardiovascular diseases (CVDs) and seasonal variations. [ Methods ] The data
of daily emergency ambulance dispatches from 2011 to 2014 were collected from Ningbo Emergency Medical Center. A time-
series study using a distributed lag non-linear model was conducted to evaluate the relationship between PM,, and daily emergency
ambulance dispatches for CVDs in cold season (from November to April) and warm season (from May to October) after controlling
meteorological factors, long-term trend, and day of the week. We also examined the association stratified by sex and age. [ Results |
During the study period, a total of 7434 cases of CVDs were collected, including 4 123 cases in cold season and 3311 cases in warm
season. In warm season, a 10-pg/m® increase of PM,, was associated with 2.00% (95%CI: 0.59%-3.42%) increase in emergency
ambulance dispatches for CVDs without lag effect identified. No effect was found in full year and cold season. In warm season,
the excess risks associated with a 10-pg/m® increase of PMjo in the males and the =65 years old age group were 2.41% (95%CI:
0.48%-4.37%) and 1.86% (95%CI: 0.07%-3.69%) respectively. No statistically significant differences were found in the females and
those less than 65 years old. [ Conclusion ] These findings suggest that the increase of PM, are positively associated with the
increase of emergency ambulance dispatches for CVDs in warm season; male and the senior may be more sensitive than others.
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Table 1 Descriptive statistics on emergency ambulance

dispatches for cardiovascular diseases, air pollution,

and meteorological factors

F2 AREFETEHT PM, FIESKRIEIRZ EH Spearman
HXRE(r)

Table 2 Spearman’s correlation coefficients among PM,, and

meteorological factors in different seasons

Ei=2n AAE(n=1461) ¥BF(n=725) EFE(n=736)
Indicator Full year Warm season Cold season
MAE PR H 5 2K
Daily emergency ambulance
dispatches for cardiovascular diseases
SR (Total ) 51£26 57£27 45+23
TSI ( Sex )
FE(Male ) 27+1.8 3.1+19 24+£1.7
M ( Female ) 24+1.7 26+1.7 21+1.5
(% )( Age, years )
<65 1.8+14 19+14 1614
=65 33+2.0 3.8+2.1 29+3.8
250594 ( Air pollution )
PM,o( pg/m*) 83.28 £51.36  101.91 +58.56  64.87 +34.31
K4 % ( Meteorological factor )
D BT 17.59 £9.10 10.03 £5.72 25.04 £4.50
Temperature
PR
q IR (hPa) 1016.00 +8.96 1022.00 +6.28 1009.00 + 6.10
Air pressure
HRIXHEEE (%
HASAAXHREE (% ) 7247 +1251  71.64+13.76  73.28 £ 11.09
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Figure 1 The variation trend of daily emergency ambulance
dispatches for cardiovascular diseases and daily PM,o

concentration in Ningbo city, 2011 to 2014
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Indicator Temperature Air pressure Relative
humidity
L4 (Full year )
PMio 1.000
H #4/<3i ( Temperature ) —0.415* 1.000
H 9% ( Air pressure ) 0.428"  -0.899* 1.000
F AR EE( Relative humidity ) 0.351  -0.009  —0.135" 1.000
47 ( Cold season )
PMio 1.000
H ¥ ( Temperature ) -0.059 1.000
F 2% ( Air pressure ) 0.146*  -0.787" 1.000
FIAHXHEEE( Relative humidity ) —0.404” 0.043  -0.220" 1.000
2% ( Warm season )
PMio 1.000
H 253 ( Temperature ) -0.249" 1.000
F 3 ( Air pressure ) 0.273*  -0.720" 1.000
H BRI Relative humidity ) —0.311% =0.222°  -0.081" 1.000
[V J*: P<0.05,[ Note ]*: P<0.05.
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Figure 2 Season-specified relative risk of emergency ambulance
dispatches for cardiovascular diseases per 10 pg/m’

increase of PMy at different lag days
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PMo XL SR R A Sei 2 T (P <0.05 ),
I H ARSI O A K, R E
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#z3 PM,BHE 10pg/m* S AR ABF O MER B2
ANRIEMEBEERE (%)
Table 3 Excess risk of emergency ambulance dispatches for

cardiovascular diseases per 10 ug/m’ increase of PM, in different groups

8 s res
43 Full year

Cold season Warm season

Groups

ER 95%CI ER 95%CI ER 95%CI

BAKAIR(Total ) 020 -0.37~0.78 -0.01 -0.76~0.74 2.00* 0.59~3.42

PEF (Sex )
1 (Male ) 025 -0.54~1.04 -0.05 -1.09~0.99 2.41* 0.48~4.37
L (Female ) 0.17 -0.68~1.03  0.07 -1.01~1.17 1.45 -0.72~3.68
AR (% )( Age, years )
<65 027 -0.72~127  0.06 -1.21~1.34 230 -0.11~4.76
=65 0.18 -0.53~0.88 -0.04 —0.95~0.88 1.86" 0.07~3.69

[ £ ]*: P<0.05.[ Note ]*: P<0.05.

R4 PEREH PM, &K E R EEE B HERE
BR S
Table 4 Sensitivity analysis for the choice of maximum lag days of
PM, and degree of freedom of time variable
f KR A ( Maximum lag days, d )
7 10 15
95%CI ER 95%CI

I )22 P

v of time variable

ER 95%CI ER

A4E (Full year )
6/4F-( 6/year ) 0.26 -0.34~0.86 0.21 -0.36~0.79 0.27 -0.27~0.81
7/ (Tlyear ) 0.26 -0.34~0.86 020 -0.37~0.78 0.26 -0.28~0.80
8/ 4 ( 8lyear ) 025 -0.36~0.85 0.20 -0.38~0.78 0.26 -0.29~0.81
475 ( Cold season )
3/Z%(3/season)  0.04 -0.72~0.81 0.03 -0.70~0.78 0.08 -0.61~0.76
4/Z%(4/season) -0.02 -0.79~0.76 -0.01 -0.76~0.74 0.07 -0.62~0.78
5/Z%(5/season)  -0.13 -0.91~0.66 -0.13 -0.89~0.63 -0.02 -0.73~0.69

[ 2% ( Warm season )

3/Z%(3/season )  2.70° 1.22~420  1.99* 0.59~341 187" 0.54~3.22
4/Z5(4/season ) 2.72% 1.24~4.22 200" 0.59~3.42 1.89* 0.55~3.25
5/Z%(5/season)  2.75% 1.26~426  2.03* 0.61~3.46 190" 0.56~3.27

[ 7% ]*: P<0.05.[ Note ]*: P<0.05.

3 itig

25 A Gl X fE B AR5 T 1 A7 B ER R 22 1) K
HEAT AR At B 1y IR Tk AR 03000 54 2 Y i AF S 1
FEEIT ), AR, AR AR YN 5 R
A G A Yy Re R AT, R EMEREAM TR (1) Al
o RIS R 1
B HRRE SN AR HE M ARTE B (2 )4 FH TR i 52 14
B ZE, WAL H F ALY RE A BN R (3)H
Beb A MR AR ERE A Fo0 A R 0, DU i
FEOHT T PMyo 50 M B AE T Z B &R, B

PM o ¥k BE TR 5 1 REGE JLR Z R e T N {E
FEFESRHR, B PMyo BN A7 AR R PR 120 (R A
YR X PM o %50 I 787995 2 SR N VR 52 i) ) T 5 2 B
I 2= PMyo 5 2 H GO I 1) IR e 22 3L,
IR RIS BN AFAE, XU R TR R
PMo B, AHHEO L7905 2 1 s 1 AR L T BE HLAE T
BN 10

O LA SR AR R0 I A8 s R B R
SCEE AR SR I s 1, o TR A S I, DAt
5% AR D Ko #2952 %112V Michikawa 25114143
NGB T E R H AR B3 v R AU ) AT
O IR SR s, HE IR R B Z G
o ABESE BoR, 8 T T AR 2= PM 5
SRR SRR TG B L, BRI =0 PM,, B
T 155 10 pg/m? BIAT 32 5 2RI 157 2.00% ( 95%C:
0.59%~3.42% ), 13 B Z& 715 AT GEXT PM o 1) 3500 47 7 &
AR o T 3 A 22 005 1S PM o X B F) 52 i)
FAAEZETT 22 5%, (ORRIFIESS 1 A —30 S 70
Chen 28" [ 17 A3k T OB T 20, 20 PMyo
XFFET 1 5 W 25500 5 5o 5 ﬁﬁQian%“”%ﬂKan%:“%
oI X6 RN T 1) A9 5 D) 3R P 4% 2R s PMLyo 92500 B
B o VR AR TS Ye ) i 32 B AN R N 2R
15 YR | TR BRSNS T S R] L AL IR SRR
Z R ZE W, T T 5—10 A H KA, =
PR T A 4 26 25 R ) T T S O s e it s 3 T 7
A, PRI A B A/ T sl s T B A 5 9 s e v
FETH i, DT 28 47 s D SR A e o o 3 T MR I
SRR R, R AR s G
RIS R, W2 5 2, eAh, &
AR AR H SR B30, V5 Z 25 5 K
P2 SOW A B RIS 3, oAb 2e i 55 45 i R
P B 23 S 1A B LA SN L B s R, R
BT TR ZE 2 A I ) PM o PS4 MR ERAIG, (2
T SR B 2800 T RE 2 B R

BRZEATLASL, AR NHEALSZ 3] PM,o UV 7R 2 4
FEE2ESE, AT L5 R B PRI AE A6 PMyo B
U, A N RN, 2525 B ALREZ Wi siR
MUK RESIREAG; Nz B4 N IRBGIZ (5 B & 1e
A, B EIRIR T, TR ] P, 1 B TR 2
AR F 47, FEN SR 1A P i rp W G T I
S i NHERIE A a], A7 S X R BT T it

SURUBUHE BE 5 T R s 3t sz I s B 19 AR



http:/jeom.scde.sh.cn:8081 I3 SN EE 4 (] Environ Occup Med ) 2016, 33(10) + 969 -

b, AR TP 2 305 YLk AR 0 i e 95800 . 5
&, HT RSN 2RGE R RA IR, Sz
Lz W AN EIPRPE 73295 )4 10 i 1CD-10 )4whs
Htn s P RR AT RE S R A AR IR 0 2, AT I
2 PM,o FIREONE A o BEAN , RS A GE & B[] 21
PM,o FORLIN AT AE 225, {HR X T 25 A7 A S R e
SRS IUESE SR, R — 2T T X T A R
AT

g5 LT, AT S BT I T AR O I R
SRR PM o e BE Z T PR AR AL — B0, MR PM,
A 0 ML BRSNS £, FLAR & B 5 3400
TEAE; BAER 65 % LU [ 4E NBERTREXT PM,o B Ky
BB BFTT 45 SR N KA ORI o I A8 55 114 2 0 5
M AL 1 S H O B R UEE , AR A S DA PR 4R
PETHAR S

AEEFEPAAX T LERSGEERF = IPR,

52 ik

L1 IBRf s, i de, X004, 4 LG i 8 4 2014 )
HWEZEL T ). R EIEER AR, 2015, 30(7): 617-622.

[ 2 ]Brook RD, Rajagopalan S, Pope C A, et al. Particulate matter
air pollution and cardiovascular disease: an update to the
scientific statement from the American Heart Association[ J ].
Circulation, 2010, 121(21): 2331-2378.

[ 3 ]LuF, XuDQ, Cheng YB, et al. Systematic review and meta-
analysis of the adverse health effects of ambient PM, s and PM;,
pollution in the Chinese population[ J ]. Environ Res, 2015,
136: 196-204.

[ 4 1505, XURIRE, PREER, 55 KA TR ASIURA) 5500 1l
BPIRIZ KRIGHI XL ) ] AR TR AR,
2008, 29( 11): 1064-1068.

[ 5 ]Bhaskaran K, Gasparrini A, Hajat S, et al. Time series
regression studies in environmental epidemiology[ J ]. Int J
Epidemiol, 2013, 42(4): 1187-1195.

[ 6 ]Gasparrini A, Armstrong B, Kenward M G. Distributed lag
non-linear models[ J |. Stat Med, 2010, 29( 21 ). 2224-2234.

[ 7 ]Qian ZM, He QC, Lin HM, et al. High temperatures
enhanced acute mortality effects of ambient particle pollution
in the “oven” city of Wuhan, China[ J]. Environ Health
Perspect, 2008, 116(9): 1172-1178.

[ 8 JKan HD, London SJ, Chen GH, et al. Season, sex, age, and
education as modifiers of the effects of outdoor air pollution on

daily mortality in Shanghai, China: the public health and air

pollution in Asia( PAPA )study[ J 1. Environ Health Perspect,
2008, 116(9): 1183-1188.

[ 9 IREEZ bRt GB 3095—2012[ S J.dbat: HEHEE
ez, 2016.

LI0 AR, F3204hE, B W . AT G Xof O LA 3 ) 552 i)
FEHEREL) | ST BEFA4AE, 2014, 30(3): 337-339.

[1LIJTAE, S BORL A5 g s PR 1O A FE B R R
L) ] PSR O LA PR 2%, 2011, 3(5): 332-335.

[12]He T, Yang Z, Liu T, et al. Ambient air pollution and years of
life lost in Ningbo, China[ J ]. Sci Rep, 2016, 6: 22485.

[BIREZ, BELE, 20, & MRG0 S s R
H L A e 202 NIROG R BT P SRR [T ] A
filEAL A, 2013, 30( 11): 977-980.

[ 14 )Michikawa T, Ueda K, Takeuchi A, et al. Impact of short-term
exposure to fine particulate matter on emergency ambulance
dispatches in Japan[ J ]. J Epidemiol Community Health,
2015, 69(1): 8691.

[15]Chen RJ, Peng RD, Meng X, et al. Seasonal variation in the
acute effect of particulate air pollution on mortality in the China
Air Pollution and Health Effects Study ( CAPES )[ J ]. Seci Total
Environ, 2013, 450-451: 259-265.

[16]Peng RD, Dominici F, Pastor-Barriuso R, et al. Seasonal
analyses of air pollution and mortality in 100 US cities[ J ]. Am
J Epidemiol, 2005, 161(6): 585-594.

[17]Qian ZM, Lin HM, Stewart WF, et al. Seasonal pattern of the
acute mortality effects of air pollution[ J ]. J Air Waste Manage
Assoc, 2010, 60( 4 ). 481-488.

[ 18 JRoberts S. Interactions between particulate air pollution and
temperature in air pollution mortality time series studies[ J .
Environ Res, 2004, 96(3 ). 328-337.

[19]Gordon CJ, Leon LR. Thermal stress and the physiological
response to environmental toxicants[ J ]. Rev Environ Health,
2005, 20( 4 ): 235-264.

[20]Leon LR. Thermoregulatory responses to environmental
toxicants: the interaction of thermal stress and toxicant
exposure [ J |. Toxicol Appl Pharmacol, 2008, 233(1):
146-161.

[21Bell ML, Zanobetti A, Dominici F. Evidence on vulnerability
and susceptibility to health risks associated with short-term
exposure to particulate matter: a systematic review and meta-
analysis [J].AmJ Epidemiol, 2013, 178(6): 865-876,
doi:10.1093/aje/kwt090.

(#sBE: 2016-01-18)
(o TEIR: e TEE; BOV. ERET)



