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[Abstract] Objective To evaluate the impacts of air temperature on years of life lost (YLL)
among the residents in Guangzhou and Zhuhai, Guangdong province. Methods Daily mortality and
meteorology data in Guangzhou and Zhuhai were collected, and distributed lag non-linear model
(DLNM) was used to evaluate the cumulative and delayed effects of daily air temperature on YLL of
total non-accident mortality. The accumulative effect of air temperature on mortality under the extreme
high temperature (0-1 days) and extreme low temperature (0-13 days) situation in Guangzhou and
Zhuhai were analyzed respectively. Results The average YLL was 1 928.0 in Guangzhou and
202.5 in Zhuhai. The exposure-response functions seemed to be non-linear. The hot effect seemed to
be acute and reached the peak at the same day, while the cold effect reached the peak at 5" days and
lasted for about two weeks. Low temperature had stronger gross effect than high temperature had. The
cold effect among males was greater than that among females in Guangzhou. The hot/cold effect on
YLL was greater in people aged =65 years than in people aged <65 years and in people suffering
from respiratory disease than in people suffering from cardiovascular disease in both Guangzhou and
Zhuhai. Conclusion The effects of high and low temperatures on YLL were obvious, and the impact
of low temperature was greater. The elderly and people suffering from respiratory disease or
cardiovascular disease are the vulnerable populations.
[Key words] Air temperature; Years of life lost; Time-series study

- W] -

TEABRAMGAEAT R T, B TR I I IR &) K AR ARISR FE W I . 4ok, <

DOI:10.3760/cma.j.issn.0254-6450.2015.07.012

fRASART NSMERR AR 5| AT iz R, HA R

VEF AL 510632 M, BB R A2y be (22305 ) 5 T AR el il
Br il v VP BEE X RAESE S R T R R D00
TN TR T A ] rPC CRRIEIAST ) 5 BV TIT e 3 B s il oo (22
M) s JTRE NI TDAERTEBE (X AR | H dEmg 8 F5 8% 2
NS Y|

WEEE : %, Email: mwj68@vip.tom.com

RIRATINA TS s R 5 AR LT XS Z (8] 2 5
ZBYMZOCER (U W VETIE) = B H Fifd Y
fRE LT SRR m K 22 AL TR, R T Bl 32 285
Wi e e 8 AF N BOSE T, FHAE T8 A Al =l X £t
FEREME , v BE 2 Al AL A2 @ 7 i A7



FPARIR AT 2475 2015 4E 7 45 36 545 730 Chin J Epidemiol, July 2015, Vol.36,No.7 <721 -

AT A (YLL) W25 JE BN [R AR JE T AR, T g
TS i R DRI PRI 2R X6 A5 7 Sk AR5
M BRI T s RIS ID AR 5Ok, s 43
A0 it J5 AR 2 A A (distributed lag nonlinear model,
DLNM) 73 Hr A% 4 b e B HOYLL 1520, 24y
A GBI 25 7 A=A A A BUR R AR 22 AR

BREFTE

WA &/TE ST

(DFETBERE: N AR s il 2 il rhoco i 4
I 2011 —2013 4 FIER I 11T 2008 — 2013 4F- 42 A
HERYERE H AL EO Bk, Hh R B AMET-HO HERR
P R B AR ANA  REPET R AR [ PR
432895 (ICD-10) , o L5595 5 RN W 28 58 95 975 i
55358 100 ~ 199 .J00 ~ 199, A SCEARRAMET 4%
AP A S ARG i) B R o ) 8 58 o

(2) G ERE AR I B G B s ok b R
G5 B =0 (http: //ede.cma.gov.en ) $244E, £0 45
% HAFYAR | H S AR H IR A H 344
X

2. Gt

(1)%EH YLL V15 AR 3 WHO & A i) 2R
Fm e THE R BISET - B 0 A A S SR AT
TCAERS I 228 /E  YLL, SR 5 2r B0 B A B A
YLL DA AN [R5 AR08 B 2E B Y) YLLAE , B3
G [ 5 58

(2) 57 DLNM: 24 T 238 Hr <% ABE YLL /1
B, AT £ DLNM HEAT 20 Hr 1, B AU AT L)
[ii] B 2 i % 0 — S I O R B R W Ui S5 R0 o 7
DLNM HR FHIARA 73 A A AR ) oA 7 . 4
STAR R IEATE X H

log(YYL,)=a~+BT, +NS(rh,,df) +

NS(time,,df) +DOW,

RP YYL R ¢ R YLLAE ; o WIS 2850, 7., 0 H
SRR s AR IS H o B TR B NS A A
RS RE; dF R H R EE 5 time S 56 ¢ R AH R 9 B
[F] A% o, DA A AR 355 rh, o WSS H AN H
BRI BE s DOW, kB 01 T4 & . AR 4% A% Tt A
BLE Y (akaike information criterion, AIC) , AIC {&
/N B, R PRI ] A SR RN S SRR
() df; Be 2RI I B4 dfF 3 S 2 48 3 R 4, AR
JE df A 3, B AR B dfF R 6/4F . A T 43 A AU 1)
Fase M, 8 1 kA MR ep df B B, AR R A A
JEAE T o

PRI M, RN 25 4 Yang %550 ) Yi Al
Chan"™ 3¢ TR —FE T RO Wi J A5 F4 952, A wiF
GEX A i v Yl AT 53 BIAE A 5 O ~ 1RO ~ 13 d Y
ROV AT 3T o Y PPAR B i SR AN I, 275 Ma
SRR H R 1,99 H A E (P
Py, ) 3 T 2 0 AR R ARG it e 3R, DA Pos TR N 2
FEHITE RRIE . ARCAE G HI7ER 3.1.0 5k
P2 B, Af ] dinm” 2 )7 #U5 DLNM, 2521 H 05U
K6, L P<<0.05 MZESA G FE .

5 R

1. BEAS R O 2 2011 — 2013 4F 7 N 117 . 2008 —
2013 FFERIG T AL TR AR )% H YLL (A1
UL 1, Hod T AERMETT H 2 YLLAE 5> 5k
1 928.0 F1202.5; P 7 AE R A 8w, HAURIE
43R 21.6 CCH122.9 °C 5 AHXE B 43 5114 78.8%Fil
76.5%.

1 J7MABRIEH S H YLL AR SRS (£s)

LA Il Rt

G4

H AR EE (%) 78.8+11.5 76.5+13.1

HFHSR(C) 21,6463 229458

P, 6.9 8.8

Pus 8.5 10.4

Pas 16.5 18.8

Ps 23.0 243

Py 27.0 27.8

Pos 29.8 30.2

Py 30.2 30.9
YLL{H

MYLL 1928.0+323.1 202.54-80.7

Bk 1186.8+£233.2 125.0+61.6

Lok 741241715 77.5+49.1

<65% 1262.6+255.8 136.9+75.5

=65% 665.51+145.7 65.1£26.9

N (KEZRTS 565.3+144.1 62.8437.2

A EN WL 190.5479.0 14.14+19.1

2. Al R KRBT AHE YLL (5200 < L7
T H 2R Pa s Por s 1 A ¥4 BRI B il 2
ZHAH, 0 T 13 di & B (E 1) . A WA R
FEAF G H 5 YLL IR R, RIS Ak 2%
B bR e (SN PN LS IV (=B a =N G piisr N
A BH 8 1Y “FE T 47 7 (mortality displacement) ¥
%o RIRMEEMAE2 ~3 dIF R, 295 dikfm,
WS TFOE T 1%, R ] <

3. HEURS YLL KU A G AR o M ANk i
o HHARS R RARSE B YLL AR Z [ 345, 255



<722 -

AT AR

201547 HE5 36445 73 Chin J Epidemiol, July 2015, Vol.36,No.7

PG TS 1 AR 13 d SR XT S YLL /9 SRR .
W 2 fies , 7 N R T AR - YLL 25007 it 2k 4331
EITHWTIE o m A AR A 5 A YLL
TRV BN, 7R S 1 B v T R s T Rk
N, T e 13 L, VO T R T oy 2408 B T e L

4. SRR R RFAE T YLL AU ) SRR
e F il s ) R S RAR G B SRR 8 I R R, TR
Uity SR XS AHE YLL JRURS: ) RN . ange 2 i,
PR T A R R X S ATRE YILL A XU 249 K T A0 3
T, G P T BRI T AR St (PR Y 5N 433 A RR=
1.535(95%CI: 1.267 ~ 1.859) Fl RR=1.779 (95%ClI :
1.382~2.291) ; Wi Tli =1 1

ik

Koo AR B X YLL A 8500 A7 76 T3] 4F 1 JE
T o o XA Syt PR M AR, X v T S A
ATy B XPIIR 2 R R RO, B it
SR A RIS, BT il ek AT YLL AR 24
WU R] —TEFEJE B “SET- A" AR, X 5 RRSEHLIX
RTINS FIWFFE A HEAR — 2

3] He A el 5 R TR e AR YILL A9 KUK, 2 B
{(REDES AL R TN SR WS RN SR ENTE Z R
Lo Yi G5 R AR i DX S T AR A H AT T ARG
Wi RIS 45 SR AR BL , 1 AT RE -5 BRTT = A Il DX A <
T H A R, AR AR AT S b X v T A e Y i

(3

POR A R R N R
e FET N AR 5
YLL U K F Lok i 2k —
YRR T DUV AH B2 5 X5 A ] A 1%

L4 J2 MR T T, B S 1 100
WM =65 5 AR |
KU T <65 % A\ BE; %

M

NG A SR R RO e
W 2 58 ¥ 9% YLL Y XUBS:
KT MBS 1.05

5. SURANE S BT - AR
AL st (i) A 3 dF(df7AF )
IR 5.6 F1 T, LA KA

1.00

0.95

IR A SECH 3 415,59
AW LR VRS ST )
7N IR R 2 e R AR

0123456 78910111213 0 12 3 4 56 7 8 910111213

i E A (d)

B MR T A i AN [T i e R YLL KU A2 1

lag 0~13

T

Z UG X 25 5 R R lag 0~ 1
(#£3),

2.5

i e
2.0
A 3R FH DLNM 43

BrACIRXT ) M B i T s
RYLL A5, 45288 o |
RS AR YLLK =
BAEAM R, o m it 25
ik B < 3R ¥ Ak 1 o 2

YLL., VIFEFsERMY,
AEXT AHEZ HAET- AL
1) 5% W6 -7 i Je P o iR
AR ) i B TR AN [
FLARFEIN o IR0 i
SR, MR AR FEEE ) ]

1.5

10 |

25 30 5 10 15 20 25 30
WA (T

B2 M AEREGR RS 1 dFN3 AR5 ABE YLL KU 19 56 2



PP AT 2475 2015 4E 7 F 45 36 545 730 Chin J Epidemiol, July 2015, Vol.36,No.7

F2 B TR ) N FIBRIEE AN R AEARE YLL XU Y 2RO

<723 -

FioAE

ST

kit i

=il

I

ik

{ISE

§SY{ A

el
Tk
Ltk

AR ()
<65
=65

PRI
LB
I R B

1.049(1.002 ~ 1.099)

1.037(0.978 ~ 1.100)
1.068(0.996 ~ 1.146)

1.051(0.986 ~ 1.121)
1.047(0.999 ~ 1.097)

1.023(0.958 ~ 1.094)
1.075(0.953 ~ 1.212)

1.535(1.267 ~ 1.859)

1.578(1.232 ~ 2.021)
1.457(1.087 ~ 1.953)

1.291(0.975 ~ 1.708)
2.030(1.705 ~ 2.416)

1.787(1.116 ~ 2.861)
1.974(1.527 ~ 2.552)

1.187(1.096 ~ 1.285)

1.150(1.041 ~ 1.270)
1.247(1.099 ~ 1.415)

1.182(1.059 ~ 1.320)
1.191(1.099 ~ 1.291)

1.160(1.029 ~ 1.307)
1.207(0.919 ~ 1.586)

1.779(1.382 ~ 2.291)

1.601(1.171 ~ 2.190)
2.106(1.401 ~ 3.166)

1.658(1.156 ~ 2.380)
1.961(1.543 ~ 2.493)

2.064(1.437 ~ 2.965)
2.658(1.156 ~ 6.111)

R A RRAE L 95%CT

X

®3 AR AR RS ARE YLL XU F R0

o

fix

i

4

4

S

5’ 1.040(0.993 ~ 1.090)

6 1.048(1.001 ~ 1.098)

7 1.045(0.997 ~ 1.095)
Tkt

5 1.190(1.100 ~ 1.287)

6 1.191(1.100 ~ 1.290)

7 1.199(1.107 ~ 1.299)

1.038(0.984 ~ 1.096)
1.048(0.993 ~ 1.106)
1.043(0.987 ~ 1.103)

1.189(1.076 ~ 1.313)
1.188(1.074 ~ 1.313)
1.189(1.075 ~ 1.315)

1.044(0.983 ~ 1.109)
1.056(0.994 ~ 1.122)
1.051(0.988 ~ 1.119)

1.170(1.044 ~ 1.311)
1.171(1.045 ~ 1.313)
1.168(1.041 ~ 1.310)

1.525(1.352 ~ 1.953)
1.535(1.267 ~ 1.859)
1.495(1.215 ~ 1.838)

1.790(1.291 ~ 2.159)
1.779(1.382 ~ 2.291)
1.745(1.364 ~ 2.232)

1.630(1.358 ~ 1.956)
1.538(1.272 ~ 1.859)
1.494(1.216 ~ 1.837)

1.723(1.302 ~ 2.023)
1.832(1.405 ~ 2.389)
1.756(1.356 ~ 2.273)

1.609(1.367 ~ 2.014)
1.554(1.267 ~ 1.906)
1.508(1.207 ~ 1.884)

1.749(1.270 ~ 2.141)
1.865(1.377 ~ 2.526)
1.789(1.326 ~ 2.414)

T 3 25 “FOR R A SR AR A dfAE S A

JNEBE 75 AH B, 12 b DX X ARG I 14 7 4 R 3 o AN
& BT DA AR R (R 0 f T B R & R
TN A b, DX AP Y 5 B0 i B 52 M AN 25 200, g
T e 55 A DR, el IR 3 A R 52

AHEGEIR KB, T M b DXAPR I 55 M 1) 52 e K
Tt 33X 5 I G TR FE T N B pIF 9 &
LSRR A5 AR EEIRA—3 0 iR
PR AT B2 2o M A R i i T 0 1 A N Rl &
W AR B LM Ll s o BRI, HE DAAE R A
FER AT RE AN T AR XS PR R S e o A R R
FEA I — 20 X AN [R5 5 4% A 0% o J2 047 4 A
Bk

AR A 2 BT R B, KR =65 4 B
YLL (52 2R F <65 2 ANBE, BIE 48 AT it
IR B MESIATE, X5 IR R g R — 2,
B PR AR AR IE  BE 798055 , XS 4 L
RE ST RRAG, DL HLB AR NAEAE B I —Fh ol 2 Fh L hih 1
PRI , 45 5 S W KA RE )

AR TR B 1 Sl - S8 T AN BOE & it
YR, ST O 100 A5 RT3 S8 Y
BN o SR, D& TR X AN [R1 95055 A 1) 52 il
gE RN —3, 4 Braga 25" 5 Yi 1 Chan' "> '43- 1) X} 5

12 3 A [ 7 e T 5 s O A AR Y 5
T XU R TR R GEH , 117 O Neill 55 75 2 A4
AR — T 5 6 B, O IS A T XU /N T P i 2%
BRI o Jat JX i 2 S 8 AL e S B, T RE SN
[vi] b DX ) AR IR S PRIR DU A DG, BT
A L X T AN [ YLL S0 A 4E . A
FERAN AR A B FIIE IR R GE 50K Y YLL
S pE LR A} A CIRIERONER NS RIS UL A PN R
MUASHIR o XA R 7S L I U PRk e Z T
B aE R PR A M R A (AP 3R G
AL MBS ) BRI, B 133k 2L 55 A A2 2]
e TR A EE
AR FERFEE N 25 A5 G 3 3 BT 451 S
AT R 2 5 GeKF- (1 PML, NO, F1SO,) 5 A
FEFE T AFAE 2 UIAR DG B A HFI0IN = s
QEXTBE TR /N T SR A O, AN 27 HE R
HET/S R TR o N /. (S P | T DO R
T -YLL 5C & 77 A TR A i ey , (EL i A AT REZR 5 Sk
P I S A G AT AR B L SOAS SCOR AR SR i 1 T 1T )
Rk,
s % x #t
[1] Song X, Zhang Z, Chen Y,et al. Spatiotemporal changes of



<724 - AT AR

201547 HE5 36445 73 Chin J Epidemiol, July 2015, Vol.36,No.7

global extreme temperature events (ETEs) since 1981 and the
meteorological causes[ J |. Nat Hazards,2014,70(2):975-994.

[2] Ma W1J. Strengthen the climate change and health research to
reduce the risk of health [J]. Chin J Prev Med, 2012, 46 (10) :
876-878. (in Chinese)

I s SRR S R R I AR A XU [ 1], e
B BE 224 75,2012,46(10) : 876-878.

[3] Anderson BG, Bell ML. Weather-related mortality: how heat,
cold, and heat waves affect mortality in the United States [J].
Epidemiology,2009,20(2) :205-229.

[4] Ma WIJ, Chen RJ, Kan HD. Temperature-related mortality in 17
large Chinese cities: how heat and cold affect mortality in China
[J]. Environ Res, 2014, 134:127-133.

[5] Yang J,0u CQ,Ding Y, et al. Daily temperature and mortality: a
study of distributed lag non-linear effect and effect modification
in Guangzhoul J ]. Environ Health,2012,11:63.

[6] Yan QH, Zhang YH, Ma W1J, et al. Association between temperature
and daily mortality in Guangzhou,2006-2009:a time-series study
[J]. Chin J Epidemiol,2011,32(1):9-12. (in Chinese)

R, SR, IO, AF. TN 2006 —2009 AL R
B AZET NEUW I P IR FE 1], sh AR AT 2 4435, 2011,
32(1):9-12.

[7] Huang CR, Barnett AG, Wang XM, et al. The impact of temperature
on years of life lost in Brisbane, Australia [J]. Nature Climate
Change,2012,2(4):265-270.

[8] Huang CR, Barnett AG, Wang XM, et al. Effects of extreme
temperatures on years of life lost for cardiovascular deaths: a
time series study in Brisbane, Australia[J]. Cir Cardiovasc Qual
Outcomes,2012,5(5):609-614.

[9] World Health Organization (WHO). Life tables by country China,
2014 [DB/OL]J. [2014-09-10]. http://www.apps.who.int/gho/
data/view.main60340?lang=en#.

[10] Gasparrini A, Armstrong B, Kenward MG. Distributed lag non-
linear models[J]. Stat Med,2010,29(21 ) :2224-2234.

[11] Liu ZW. Akaike Information Criterion and its singificance[J].
Mat Pract Theor, 1980, 1(3) :64-72. (in Chinese)

XUERIR. A% £ 8 o ) ATC R 78 L[], BeE ) sL B S5 A
PH,1980,1(3):64-72.

[12] Yi W, Chan APC. Effects of temperature on mortality in Hong
Kong: a time series analysis[ J]. Int ] Biometeorol,2014,59(7) :
927-936.

[13] Ma WJ,Wang LJ, Lin HL, et al. The temperature-mortality
relationship in China: an analysis from 66 Chinese communities
[J]. Environ Res,2015,137:72-77.

[14] Baccini M, Biggeri A, Accetta G, et al. Heat effects on mortality

in 15 European cities[ J ]. Epidemiology,2008,19(5):711-719.

[15] Hajat S, Armstrong BG, Gouveia N, et al. Mortality displacement
of heat-related deaths: a comparison of Delhi, Sdao Paulo, and
London[J]. Epidemiology,2005,16(5):613-620.

[16] Xie HY,Ma WJ,Zhang YH, et al. The short-term effect of
temperature on non-accidental mortality in Guangzhou,
Changsha and Kunming[J]. Chin J Prev Med, 2014, 48(1) : 38—
43. (in Chinese )

WHERF, TS koK ER AR TN KD RIS RTEE B AME
T AR W 5 (D). T AR BT R 2 Ak, 2014, 48 (1)
38-43.

[17] Xie HY, Yao ZB, Zhang YH, et al. Short-term effects of the 2008
cold spell on mortality in three subtropical cities in Guangdong
province, China [J]. Environ Health Perspect, 2012, 121 (2) :
210-216.

[18] Analitis A, Katsouyanni K, Biggeri A, et al. Effects of cold
weather on mortality: results from 15 European cities within the
PHEWE project [J]. Am J Epidemiol, 2008, 168 (12) : 1397—
1408.

[19] Yu W, Vaneckova P, Mengersen K, et al. Is the association
between temperature and mortality modified by age, gender and
socio-economic status? [J]. Sci Total Environ, 2010, 408 (17) :
3513-3518.

[20] Hu MJ,Ma W1, Zhang YH, et al. Analysis of the impact of the
Socio-economic factors on temperature-mortality association in
southern China[J]. Chin J Prev Med, 2014, 48(5) : 401-405. (in
Chinese)

EIASER, B0 BROK B, A5 A A IR N R 3 L S
TOAR R NG R IR BT [T ], TP AR TR L2 44, 2014, 48
(5):401-405.

[21] Braga ALF, Zanobetti A, Schwartz J. The effect of weather on
respiratory and cardiovascular deaths in 12 US cities[J]. Environ
Health Perspect,2002,110(9) : 859-865.

[22] O’ Neill MS, Zanobetti A, Schwartz J. Modifiers of the temperature
and mortality association in seven US cities[J]. A J Epidemiol,
2003,157(12):1074-1082.

[23] Romieu I,Gouveia N, Cifuentes LA, et al. Multicity study of air
pollution and mortality in Latin America (the ESCALA study)
[J]. Res Rep Health Eff Inst,2012(171) : 5-86.

[24] Spickett JT, Brown HL, Rumchev K. Climate change and air
quality: the potential impact on health [J]. Asia Pac J Public
Health,2011,23(2 Suppl) : S37-45.

(i H #1:2014-12-05)
(AR SCHi R - SRARAD)



