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Effect of temperature change between neighboring days on years of life lost and attribution
in Yunnan Province, 2013-2017 ZHU Qiu-yan®, HU Jian-xiong?, CHEN Si-qi’>, QIN Ming-fang®,
XIAO Yi-ze' (1.Institute for Prevention and Control of Chronic Non-communicable Diseases,
Yunnan Provincial Center for Disease Control and Prevention, Kunming, Yunnan 650022, China;
2.Guangdong Provincial Institute of Public Health, Guangdong Provincial Center for Disease
Control and Prevention, Guangzhou, Guangzhou 511430, China)

Abstract:

[Background] In the context of global climate change, the health effect of temperature change
has been a focus.

[Objective] This study is designed to investigate the impact of temperature change between
neighboring days (TCN) on the years of life lost (YLL) of residents in Yunnan Province, and
quantitatively assess the proportion of YLL attributed to TCN.

[Methods] We collected the daily non-accidental death records and meteorological data of 56
districts or counties in Yunnan Province from 2013 to 2017, and calculated the YLL rate (YLL per

0° inhabitants) based on the life table. We defined April through September as warm season
and the other months as cold season, then we established exposure-response relationships
between TCN and YLL respectively in the two seasons and calculated attributable fraction (AF)
by using two-stage analysis method combining a distributed lag nonlinear model and a meta-
analysis.
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[Results] The medians of TCN in both cold and warm seasons were 0.1 °C . Compared with TCN=0 °C , in warm season, for every 1 °C
decrease of TCN, the YLL rate was decreased by 2.00/10° (95% C/: 0.28/10°-8.71/10°); temperature increase between neighboring days
(<1.4°C) increased the YLL rate, and when TCN=1.4°C , the YLL rate was increased by 2.15/10° (95% CI: 0.04/10°-4.26/10°). In cold season,
temperature decrease between neighboring days (<9.2°C ) reduced the YLL rate, and when TCN=9.2°C, the YLL rate was decreased by
8.78/10° (95% ClI: 0.64/10°-16.45/10°). The elderly ( > 65 years old) were more likely to be affected by TCN than the young (0-64 years
old). For every 1°C change of TCN, the YLL rates of the young and elderly residents changed 1.18/10° and 5.18/10° in warm season on
average respectively, while 0.79/10° and 8.82/10° in cold season respectively. TCN decrease between neighboring days in warm season
had a greater impact on males than on females; however, when the TCN decreased more than 7.61°C in cold season, females were more
susceptible. Temperature decrease between neighboring days gave rise to the YLL decrease attributable to TCN, and temperature increase
between neighboring days caused the YLL increase attributable to TCN. Moderate cooling (TCN: P,5-0°C ) had the greatest effect on AF

(warm season, AF=-5.76%, 95% ClI: -7.10%--4.49%; cold season, AF=-3.98%, 95% Cl: -5.83%--2.07%).

[Conclusion] Temperature increase between neighboring days has an adverse impact on the years of life lost in selected residents.

Keywords: temperature change between neighboring days; year of life lost; attributable fraction; distributed lag nonlinear model; meta-

analysis
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MBI L EFEL = REFEZFRHTE, BHE (v) 2
7930 3. 8F L BB AR ¢
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TCNoosic NEBH TINHRXE, BARXE R ; ns
BRERRE ; RHAENEE ; M ABRFHSRE ;
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2.1 B&ER

2013—2017 F=mE 56 X (B) BBFIERINSIE
T&H v Rh k08 18.41/10 75, 229 20.92/10 Fo
o HAiE © BRZE TN T HSEREH-11.1076.60°C, 2
Z=T 1T EH -16.00710.60°C, 2. BEZE TeN BT
#39790.10°C ; BRZE. R EHYWRENPRAD AN
20.50°C. 12.70°C ; BE=, A=A EEMN BRI S
57977.92%. 72.91%0 3K 1o

®1 20132017 FoEER BEVLLERSKFHERER

Table 1 YLL rates and meteorological variables in warm and cold seasons of Yunnan Province, 2013-2017

BEZ (Warm season) (n=51240)

742 (Cold season) (n=51016)

2851 (Group)

Ps Py Prs SEE (Range) Pas Pso Py SEE (Range)
YLLZE /x10° (YLL rate/x10”)

EEYMEFET (Total non-accidental deaths) 10.80 18.41 28.03  0.00~292.62 12.76 2092 3118 0.00~322.81

B4 (Male) 9.48 2014 3396  0.00~378.94 11.93  23.05  37.80  0.00440.19

% ¥ (Female) 507  13.08 2435  0.00~217.80 6.63 1530  27.11  0.00~203.61

0~64 % (0-64 years old) 360 1057  19.87  0.00~222.47 505  11.86  21.48  0.00~231.34
>65% (=65 years old) 5127  90.64 13659  0.00~1896.51 6420 106.76 156.93  0.00~1687.74

BN & %% (Cardiovascular disease) 3.35 884 1674  0.00~360.45 469 1078 1923  0.00~258.32

MR 224555 (Respiratory disease) 0.00 1.78 4.46 0.00~72.49 0.00 2.36 5.47 0.00~102.14

EhFEEA (Other causes of death) 2.31 7.41 1434  0.00~116.74 2.83 799 1509  0.00~155.80
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B2 (Warm season) (n=51240)

/42 (Cold season) (n=51016)

A% (Group)

Pas Pso Ps 3B (Range) Ps Pso Pss SEE (Range)
S % EZE (Meteorological factors)
fEHERZE /°C (Temperature changes between neighboring days/°C) ~ -0.70 0.10 0.90 -11.10~6.60 -0.90 0.10 10.00 -16.00~10.60
B8 E /°C (Average daily temperature/°C) 18.49 20.50 22.26 4.90~30.10 9.60 12.70 15.90 -8.90~24.40
HEXTIEEE /% (Relative humidity/%) 68.77 77.92 83.13  18.24~100.00 62.78 72.91 79.80  18.24~100.00

UE] 4a—9 B AEE, HRIENSE ; n AR, RTIKRHxXEH.

[Note] April to September are defined as warm season and other months as cold season; n stands for sample size, that equals to days multiplied by the

number of districts and counties.
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FAREERNEMEBRITFEREN, H TCN=9.2°CEY vLL
KPEAK 8.78/10 /5 (95%CI : 0.64/10 75 ~16.45/10 F7) ;
A ERB BRI v R MM IY XSt =
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R Xo
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w N = =]
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Change of YLL rate/x10°

Lo
B
o
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b‘b‘b@

L
-10-8 6 4 -2 0 2
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/,\g)/,\y&,@/q;;o;b“;‘vow
TCN/°C
DA BBE;B: #F, RARTEX (B) £E-RUXR, 44K
TEHANRBERN-REXR, BEBINEHERE - REXEN
95% AI{E X8,

[Note] A: Warm season; B: Cold season. The gray line represents the
exposure-response relationship of each district or county, the red
line represents the pooled exposure-response relationship, and
the shaded area represents the 95% confidence interval of the
pooled exposure-response relationship.

Bl 20132017 =mELRBETCNSABRYLLE
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Figure 1 Exposure-response relationship between TCN and
total YLL rate change in cold or warm season of Yunnan Province,
2013-2017

S ARRHEABEN DT ETR : IR TRAEFY
mEARLE (BN TeN=0°C) , BRZ TCN TN B M viL =
HNEmMAFZE, ZERAKEEN8.68/107 (TCN=
-7.53°C) ; A=Y TCN=-7.61°CH, BHEMLMER vLL
KPR 14.82/10 F3, £ TCN 4T REN L M= FIRY

wnETEM (B2A). HRTHBEEA (0764 %),
EZEAN (>65%) BERSZZ TCNEMN (B 28), EBEZ,
TCN 8 EN 1°C, REEMEBFEAN YL RFIHY
27 1.18/10 5. 5.18/10 5 ; A =N 53 5178 0.79/10 5
#08.82/10 73, BEZE TeN B LR Z 1°C, (LANIME HE R, T
R 2 4 i R A EL B m B9 viL R F 39242 0.80/10 A3+
0.35/10 5 #0.89/10 5, BRI ZELRITEER X ;
RETINEBTH1C, ZXERH VUL EFIYTHA
0.64/10 /3. 0.59/10 5#10.58/10 /5 (& 2C),

ORI = B mare) OO [A2[ = St el
30 — 2% (Female) 30 — e (Female)

0 Of- TR - =
-30 -30
S
<_60||\\|\\|\_601\\|\\\1|\|\\|
2 108 6 -4-20 2 4 6 S IERRREREN
3
~ 200[B1] — 0~64% (Age 0-64) 200|B2| — 0643 (Age 0-64)
S — >65% (Age 65+) — >65%(Age 65+)
® 100 100
2
S o0 —— 0
)
< -100 -100
a
=, -200 -200
1%(

_300 1 1 Il Il 1 Il Il 1 Il _300 Il Il Il 1 Il Il Il Il ] Il 1 Il Il 1
M -10-8 6 4-20 2 4 6 OO D 0 X VO » © DO
s

30|CL| — it & B (CVD) 30|C2| — it & (VD)
so| | = ERAALERARESP) ol |7 ERAGERRESP)
— HAhFEA Other) — HAFEE|(Other)
0 ‘4 0 /

! |
N
o o

-10 -8 -6 -4 2 0
TCN/°C
CEIA M3 ;8 Fle; c:FEE. 1: BBRE ;21 2%, ARHON
95% AIE X8,
[Note] A: Gender; B: Age; C: Cause of death. 1: Warm season; 2: Cold
season. The shaded area represents the 95% confidence interval.
El2 20132017 EREETFEHEABREBRETCN S
YLL ETMNRE - REXH
Figure 2 Exposure-response relationship between TCN and
YLL rate change in cold or warm season with residents grouped by
selected characteristics in Yunnan Province, 2013-2017
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2.3 TCNREMAF

R 2 BTRBBEE TN REX 85 EAYIR XL T
t. THREEXRRAZE, BRTIREEEREMS,
fEEBESIRaIAR T Ten B viL TR, FREFHER
SRR L £F, HPUPFFEENFMEREK (RS
AF=-5.76%, 95%Cl . -7.10%~-4.49% ; /%2 AF=-3.98%,
95%Cl : -5.83%~-2.07%), WM EI I . EBE S,
bR B R ERRRRT 65 % LI A B (AF=-4.84%, 95%Cl :

-6.80%~-2.72%) . B4 (AF=-4.60%, 95% CI : -5.38%"~
-3.87%) MEMETIREEE (AF=-6.28%, 95%Cl :
-7.32%~-5.12%) NEME K ; 2, REPHRE
BT 65 % LUk A B (AF=-7.67%, 95%Cl . -9.59%"
-5.89%) . X% (AF=-6.90%, 95% CI : -8.11%™-5.59%)
MO M B EREE (AF=-8.04%, 95% C/ . -10.29%"
-5.89%) BB K,

+2 20132017 E=@ERR TCN XEFHH YLL AR D ERE 95%C/ Tk
Table 2 YLL attributable fractions and 95% Cl associated with different TCN intervals in different seasons

in Yunnan Province, 2013-2017 %
B ia] 4H5 RiHER RERER FEAR RIGFHE
Time Group Extreme cooling Moderate cooling Moderate warming Extreme warming

BEZ (Warm season) 3IEEIMEFET (Total non-accidental deaths)
0~64 % (0-64 years old)
>65% (>65 years old)
St (Male)
M (Female)
(MBI 5% (Cardiovascular disease)
10 45 7%5% (Respiratory disease)
HhFEE (Other causes of death)
FEEIMNRBFET (Total non-accidental deaths)
0~64 % (0-64 years old)

/42 (Cold season)

>65% (=665 years old)

S (Male)

M (Female)

DRI E &% (Cardiovascular disease)
MR Z 45555 (Respiratory diseases)
H{thZE A (Other causes of death)

-1.50 (-1.68~-1.31)
-1.17 (-1.38~-0.98)
-1.07 (-1.56~-0.54)
-1.41 (-1.70~1.13)

-0.79 (-1.02~-0.59)
-1.13 (-1.62~-0.64)
-0.92 (-1.40~-0.45)
-1.71 (-1.99~-1.43)
-0.95 (-0.59~-1.34)
-1.66 (-2.28~-1.06)
-1.80 (-2.31~-1.30)
-1.38 (-1.80~-0.92)
-2.38 (-2.72~-2.00)
-1.48 (-2.04~-0.88)
-2.53 (-2.88~-2.17)
-2.02 (-2.50~-1.51)

-5.76 (-7.10~-4.49)
-4.08 (-4.80~-3.25)
-4.84 (-6.80~-2.72)
-4.60 (-5.38~-3.87)
-4.32 (-6.08~-2.66)
-3.37 (-4.81~-1.78)
-4.16 (-6.39~-2.12)
-6.28 (-7.32~-5.12)
-3.98 (-5.83~-2.07)
-5.51 (-8.43~-2.49)
-7.67 (-9.59~-5.89)
-6.57 (-8.77~-4.12)
-6.90 (-8.11~-5.59)

-8.04 (-10.29~-5.89)

-7.31 (-9.39~-4.98)
-6.44 (-8.79~-4.04)

3.47 (1.30~3.32)
1.64 (-0.33~3.25)
2.86 (1.64~4.03)
-0.10 (-1.31~0.96)
5.59 (4.23~7.01)
-1.09 (-3.01~0.81)
6.69 (3.57~9.85)
4.61 (3.49~5.77)
2.96 (0.95~4.92)
4.57 (1.63~7.58)
7.29 (5.38~9.26)
5.70 (2.95~8.25)
6.84 (5.85~7.77)
8.25 (5.89~10.57)
9.32 (6.02~12.59)
3.87 (1.90~5.91)

0.49 (0.16~0.81)
0.60 (0.20~1.01)
0.11 (-0.32~0.55)
0.17 (-0.16~0.53)
0.72 (0.26~1.17)
0.18 (-0.24~0.63)
0.45 (-0.11~1.06)
0.69 (0.29~1.09)
0.69 (0.27~1.11)
1.19 (0.69~1.71)
1.02 (0.63~1.44)
0.98 (0.48~1.50)
1.70 (1.38~2.03)
1.51 (0.96~2.04)
1.99 (1.59~2.40)
0.91 (0.41~1.44)

UE] RinfEE. PHFRR. PEHRNRIEAR, 23 TCNEI P,s. 0°CL TCN BI Py s fEAREIFES

[Note] Extreme cooling, moderate cooling, moderate warming, and extreme warming are defined using P, of TCN, 0°C , and Pey5 of TCN as cutoffs respectively.

3 itie
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KAREKM, S5RAFIRERZALL, RAR
BN REERIPER, XEERZHUTINENEE
TRIEMHMRERE—B " B VEFHRLN
TCN BB 3°CRY, TILkR A FHRE R MR Pl 1E
IFET XS e, XMER A RSB, KR, IR
EFNAO%HE IS5, FIREMATIRIINS)
BX. A—MAENERE, RERRRIPIERR
BES TINZEUHEER X, RARENZHEIEER
B AR EEAS, BEEAXRIREIEER
1, MHERRENERIMAVARKRER, TIE2EE
ABEEERRERKIRE, HWWRRERM ™,
HTNEFTF0°CH, [ERBESFTHREE, BT 2
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RAEFENEERVRE KD ; 2 TN /VF 0°CRY, FHEME
E/NFRERRE, REKIIEEAENR/, XaT§E
SHREEREXK, BIfREREERIARPIER.
Guo EF W DE H RS ENRIEENIVEEERNE
ELREEEMRHTHR, RMEELTRIEEHK,
ABR T NS, X&RAHEIRENAI KA 8E
SRR EREXIEM. REFEETEZ AR, REMKEN
RIFMEBNGINAER, BFE—PHIEMERANDN
RRo

TADIHR, FREET TN B UM T v =
FIMBEFAARE, BBEZE TN TR BHNEMEK, &
= TeN 3T B 2 MR MmARE, (BRI EY Z R ImER
K, X5 AFBNER—H. Aae 545 2 B4 RS
ERBX, BMEHIA. TRELEEEMAHES
=, M EEREERIESRK RS, EiMdED
BE. HTEBATHERMNEIREEZERE, &
B4R Z B, RSN EREFTH—FHR.
ZEN(>65%) LkHEFE (0064 %) ERZZEITON
MEm, X51texTREX . HREE @M 1en®
HARER—H. TEREATEETEFANRAMS
TR, REHTRUREERASINESE, SWSED
HHENEEN R, ERTFERFEFRTHREN
VILEZ, FALRERETEFRT AL, BAARAT
R EFARIETF Ten B9 YLL LB S5 F LB,

REET, IINYERZEMEMBKRIETH
yLLE, MREEMERNTRNES TINHEHKE
EHEX, ZEFEIHMERPERIE. FHEkRE
FRFENEM >, HRTFERARARFNS, 2
TCN FHEERZ 5RO M EHRMRIET viL EFMYIEA
XL EIBRAE, SE2HT— Y, ENHIHEFH—
S5, FILIBRHIE, IFEEE T LAY, mikABE
BEKTF. MBALEEHRKE. OE M/RFME.
REBAGIRIS. INEAMERTKE/ WEEFH 2T
1629, X LEAEATER S O M B ThEER A X, A%
JFRNXELHET | PETINASER S5 IREERER
SERAENKRNAS, ZERAESLEET (8F)
I 0% & A B A S PSRBT /T, AR Rz PR i
BREAMN BB HEXD ; BETINSWRARFHERT
ANXPEZIEERX, AJgESTSPFHY. SRV
RRERESSEBHIXREEREX ™,

EARETINK SR YL WAF D IRT, REIMZE
THRIETCRBEHARERMER, PEREERE

TR EANATFIRIFRENTE, X5FE 1eN X8
HRHEE X BXNME, PERENRT HIMNIMEKE
=, SIENITRNXKE KR, LERIETEHEREZ LI
REXMARZM, RNsEXTHESSABENRE, B
TCN ISR YA R 2200,

SAREFE—TCBRMY | REEZEREITEE. H
HMRREGURTESSEMNBRENZEER ; #H
FMEBINERM, LA KBEFFEIENEE
5, TEMKEET X ERERENEMAIERR ;
o, BFRENHEIERAEEEZ T HREER
Holle KRR ARNRRENGEHEET RIEN, &
EHE5RBENXR, TERESKRERK. KIFSE

SARMX (MIzmd), XXHIEE/SIET W
, BENRRE, REAHBRKFEAEEEENR
HPEFEN

b, ZRARKRE  SRERBEARTHEL, B
BHEEASRES REREHIKLNIGIN, MEERE
TRIEERBENRIFER. TON I EEEATME
BESREERNIEINZ —.
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