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Special column: Mechanisms underlying human health effects of climate change
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Case-crossover study on association between temperature and non-accidental mortality in
Tibet Plateau, China BAI Guoxia', WU Junle®, SHI Heng', PINGCUO Zhuoma', LI Yajie', GAMA
Cangjue’, HU lJianxiong?, LI Zhixing®, LIU Tao’, MA Wenjun®® (1. Institute of Non-communicable
Diseases Prevention and Control, Tibet Center for Disease Control and Prevention, Lhasa, Tibet
850002, China; 2. Guangdong Provincial Institute of Public Health, Guangdong Provincial Center
for Disease Control and Prevention, Guangzhou, Guangdong 511430, China; 3. School of
Medicine, Jinan University, Guangzhou, Guangdong 510632, China)

Abstract:

[Background] Under the background of global climate change, temperature has increased
dramatically. Most studies about association between temperature and human health are
conducted in low-altitude areas, but rarely focus on plateau areas.

[Objective] To examine the association between temperature and non-accidental mortality risk
in Tibet Plateau, China and to identify vulnerable populations for formulating targeted policies of
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climate change adaptation.

The mortality data, meteorological data, and pollutant data of Tibet area between 2013 to 2019 were collected. Based on
time-stratified case-crossover design, conditional logistic regression models were used to analyze the exposure-response relationship
between temperature and cause-specific mortality, which was linearized to obtain excess risk for 1 °C change; attributable fraction was
calculated for assessing burden attributable to temperature; and stratified analyses were further conducted by gender, age (<65 years
old, =65 years old), and causes of death (cardiovascular diseases, cerebrovascular diseases, and respiratory diseases). Sensitivity
analyses were conducted by adjusting model parameters and variables.

A total of 26 045 non-accidental deaths were collected in Tibet during 2013 and 2019, and the P, of temperature was 5.0 °C.
The non-accidental mortality risk increased as temperature become colder. A 1 °C decrease in temperature was associated with a 2.01%
(95%CI: 0.94%-3.07%) increase in total non-accidental mortality, while the association changed to 2.05% (95%Cl: 0.62%-3.47%) for male
and 1.96% (95%CI: 0.34%-3.56%) for female, both of statistial significance; 1.45% (95%C/: -0.10%-2.98%) for the people <65 years old
(not of significance) and 2.52% (95% CI : 1.04%-3.99%) for the people =65 years old (of significance); the excess risk for cardiovascular
mortality was 2.65% (95%Cl: 1.03%-4.24%), for cerebrovascular mortality was 3.70% (95%Cl: 0.74%-6.57%), both of statistical
significance, and for respiratory mortality was 2.18% (95%Cl: -0.14%-4.44%), without significance. The total attribution number of non-
accidental mortality was 5340 (95%Cl: 2719-7528), and the total attributable fraction was 20.50% (95%Cl: 10.44%-28.91%). The
attributable fractions were higher in specific subgroups like male (20.72%), people =65 years (23.33%), and people with cardiovascular
diseases (26.07%).

The exposure-response relationship between temperature and non-accidental mortality in Tibet showes that the non-
accidental mortality risk increase as temperature become colder. The attributable burden of disease is heavy. Residents being male, =
65 years, with cardiovascular diseases and respiratory diseases may be vulnerable to nonoptimal temperature.

Tibet; temperature; mortality risk; vulnerable population; case-crossover study
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£ 1 20132019 FEFMIEBIMBETESER (=26045) T RN TR T, 265 5 ABRLTNKR/LFE
Table 1 General characteristics of non-accidental deaths in Tibet B, U5EREF-1.2°C e EEEIN, M<65 &

fi 2013 to 2019 (n=26045
o i ABEROSET RIS MBIE EFH T RHRE EF MR
E8(Variable) Number of death (Proportion/%) a: 10.2 OC ;Fynm%ibuo l&ﬁ_—\,/m—Flgq:, Hu_[tﬂ rﬁ%
i TR AR AT O B, 75/ 0 B R
(Male) 14645(56.23) .
L{Female) 11390(43.75) XS _EFHIRE MR TF IR R AR, O ME &R X
SR (Unknown) 6(0.02) MEZERR. EkAFEHRHFET XD NESRIET
8/ (Age/years) 25.6 °C. 2.5 °C. 25.6 °C BYF I8 E Z1E 0,
<65 12424(47.70)
265 13621(52.30)
L TR [Al(Cause of death) +2 2013—2019 EAEFH KRR ETEYMERBR
(N E S (Cardiovascular disease) 11408(43.80) Table 2 General information of meteorological factors and air
i3 I &Y%/ (Cerebrovascular disease) 5266(20.22) pollutants in Tibet from 2013 to 2019
IR, 22 4957 (Respiratory system disease) 3235(12.42) 252 (Variable) Min P Ps, Pss Max

. [ KR[E E (Meteorological factor)
§E.IJ__,—‘ o= -=|=-_’§ ,—-—‘ Eé L
22 SRS B‘L e VA S3B/°C(Temperature/°C) -202 -15 50 109 256

1 B, fREEwEBSESIEZINZFETH FEXTREE /%(Relative humidity/%) 00 298 455 613 1000
Il—l\,ﬁk%% & ,—‘— ;é ? %Ef)u jj §ET\_—J—L Bﬁ%% _\, I.SEF{EEﬁ'ﬁ TSR (Pollutant concentration)

PM,s/(ug'm”) 22 115 173 267 1043
= =38 _02°C B X Jit B2
;‘l'l_h _\,/mﬁE:_F 0.8 °C ET%T\__HE‘_‘L;UL% Eij]l]o :BZ,.\\ |‘$ PM.o/ (g m™) AR RO 6AA ey
. P ==
'J Ewi\ %%Ul& ﬁj\)g ﬁ*ﬁa %Eﬁg-}iﬁr%%‘m% NO,/(pg:m™) 19 98 142 202  80.0
LMESE, SLMABEL, MR TEB M AN $0,/(ugm’) 20 48 62 86 338
§Et}>—(L|3\_‘Lﬂ|%E7'UJﬂIE, BEMABIFT-XKEESE 0s/(ug-m~) 181 78.0 939 1114 256.4
; N co/(mg:m™ 01 05 06 0.9 3.1
1T -1.3 °C B RE N, ML MEABLE R TSI e )
SRE Bk Eegi <65% ANB¥
20 Total 20 Male 20 Female 20 <65 years old
15 15 15 15
5 10 5 10 & 10 % 10
Q) i ) 2l
& & & &
5 5 5 5
1 ‘ ‘ ‘ ; : 1 ‘ ‘ ‘ ; ; 1 ; ; ‘ ‘ ‘ 1 ) ) ) ) i
-20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20
SE/°C SR/°C SE/°C =R/°C
Temperature/°C Temperature/°C Temperature/°C Temperature/°C
265% A\Bf M EZESH P I B 5 IR R R
20 265 years old 20 Cardiovascular diseases 20 Cerebrovascilar diseases 20 Respiratory system diseases
15 15 15 15
% 10 & 10 g 10 & 10
& E x E
5 5 5 5
1 ) ) ) - ; 1 ‘ ‘ ‘ ‘ ‘ 1 ‘ ‘ ‘ ‘ ‘ 1 ‘ ‘ ‘ ‘ ‘
-20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20 -20 -10 0 10 20
SR/C S8/C S8/C S8/C
Temperature/°C Temperature/°C Temperature/°C Temperature/°C

L LFARSFHTREN R E-R KRB RR, ARSI 95%Clo
[Note] The line is RR indicating the exposure-response relationship between temperature and mortality, and the shaded area represents corresponding
95%Cl.
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Figure 1 Exposure-response relationships between temperature and non-accidental death by gender, age, and cause of death
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SET-JR A (Cause of death)
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00 25 50

BB CHUBESE T XL

[ —
|
(MINE &S (CVD) | ——
[T —

2.98%) , THRITFEENX, 265 F ABHENN 2.52%( 95%CI:
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BY ER HE 1N 2.65%(95%CI: 1.03%~4.24%) , i [l & & 5%
SR ABEIE NN 3.70%(95%CI: 0.74%~6.57%) , ¥ B L1t
FERN, MR RFEFIEI 2.18%(95%C/: -0.14%~
4.44%) , BEFRITFE RN EFMKRINLER KA, RE
TABNEZRERITFERE N,

ER (95%Cl)/%
2.01(0.94~3.07)*

P/TRIEP (Pyguses)

0.93/NA
2.05 (0.62~3.47)*
1.96 (0.34~3.56)*

0.32/NA
1.45 (~0.10~2.98)
2.52 (1.04~3.99)*

2.65 (1.03~4.24)* 0.53/1.00 (CVD vs CBD)

3.70(0.74~6.57)* 0.41/1.00 (CVD vs RESP)

2.18 (-0.14~4.44) 0.74/1.00 (CVD vs RESP)
7.5

SR COBEIFE XS

ER associated with 1 °Cincrease ER associated with 1 °C decrease

[5E]1P<0.05,
[Note] P<0.05.

2 AEABSESER 1°C BHA TR ERERIAERMENT

Figure 2 ER associated with 1 °C decrease of different populations and significance test of difference
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WK 3 P, R BB R SURX IERIMNRIE T
RYYFEFET= 209 5 340(95%CI: 2 719~7 528) {4, VAR
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Table 3 Attributable numbers and attributable fractions of
different death causes

JFRBETER(95%C) VAR ME(95%CN)/%
5348 (Group) Attributable number Attributable fraction
(95%Cl) (95%CI)/%
B&(Total) 5340(2719~7528) 20.50(10.44~28.91)
3(Gender)
5 (Male) 3034(1028~4620) 20.72(7.02~31.55)
Z(Female) 2305(687~3713) 20.23(6.03~32.58)
F#E/% (Age/years)
<65 1928(-151~3528) 15.18(-1.19~27.76)
=65 3112(1319~4510) 23.33(9.89~33.80)
LT[R A (Cause of death)
I =RES
v _Eﬁﬁ . 2974(1313~4238) 26.07(11.51~37.15)
Cardiovascular disease
IS
RmERR ) 1085(273~1590) 33.54(8.42~49.14)
Cerebrovascular disease
MR R RR

715(-55~1236) 22.12(-1.72~38.21)

Respiratory system disease

25 BB MSINER

B EREN 14, 28 d, EFFIET 55 1410,
HONANEMTRY), URARZXXERHEN E
HEN 4 5 63, WEERET, BHNTXE

AKX, WEREVERIBE, WE 3.

BRRM S (Sensitivity analysis) ER (95%Cl)/%
KRS EHILE (Defaullt) I — 2.01 (0.94~3.07)*
HERE (Lag days) I

14 I 1.85 (0.88~2.82)*
28 e — 1.61(0.43~2.79)*
THIEREE HE (df of lag days) |
4 S — 1.93 (0.85~2.99)*
5 I — 1.90 (0.83~2.97)*
5 L 1.91 (0.83~2.98)*
75444 (Pollutants) !
RANTRY] (Excluded pollutant) | — o 1.88 (0.86~2.90)*
PMy, L ——— 1.95 (0.88~3.00)*
NO, I —_— 1.99 (0.92~3.05)*
so, e — 2,01 (0.93~3.07)*
o, P — 1.96 (0.89~3.01)*
co ——— 2.05 (0.98~3.12)*

00 1.0 20 3.0 40 50
1
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ER associated with 1 °Cincrease ER associated with 1 °C decrease
[E] P<0.050
[Note] P<0.05.
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Figure 3 Sensitivity analysis
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ARt X It T N e E SRR EMAS, MIEEL
B9 U B A ) BUR R, BMERS RS MISET X, M
FMRFEES I T REIE N, XA TR
BFeRMX, SBRE(PEA 5.0 °C), ERATEE
ROEZRRESENTM BYMREREKX, BIMERS
REBEREEE BERTREENERE, RELSIE
T XBEIE = Luo F HY meta PITHANT HEK
ZERBRMXAR, ARKRAST T 1 °C FTE MY
FERIMETXPLA 3.5%, mTFARHAR LM 2.01%, X
AEEERAAAERRETFERMX, EFESERE, A
BB IR G #IE N KR IF IR AT M —IARE 272 1
WA RERE, SEEXERIETHERSER
14.33%7, (R F ARAREEM 20.50%, XA gE AT 74
BHXEAZHEFRERK, SHFRFREMNSE
CHIEREFAN. /N, AFRT RN EBESRE-R
NXRHLEE X, ITENIERAEERITEREXER
XBEANT BEZET X i, L2 SHRITR D ER
B, BERFEREFETHEAIBERL, IERE-RNXR
HMABEXERK SEEEMANESHNRTHG,
REERBNE YIRS E.

REXRHRKXLINEARRBILA 2 B8SRXT FEiE
ABRATHEMERERITZRENX, BEDESITE
RMAREERESBXIN, AARLI, BIES M
ML P SESHRME 1°C SHMIERINZIET RE
SFEEFRITEEREN, EMNBE-R X R BLEA L
R"E|, BEEABESENT-1.3 °CHEZETXKRE
ERE, BARRERTZUHEAR, MEBSMMET
IR EESTF LM, HIHARENEBEENFRE
M ZHEE R, X5 —MARENZHOHRERE
k%, AlgeREATER B EFPINESNZ T LM, ERS
FETREFES,

tEoh, ZAREZMARSEMXEFEAETRZZ
HKEBERNEm, X5FSMAER—H>, REXE
FRPBEOTHRE, TARERESTRITFE
X, BHBE-RMXAZETNL, >65 ZEFABIT
XPeRESR TR AR _ EFAEE, MIEEFEA
ABENZEAXEEERR EANESE, MEEF AR
KL VAR D EE T IEEFE AR, A FEANIERN
SETERNENRE. XEFERHTEFEALEFIZL
RERNBENRIRFFSEHN, BT FRE R L, Bk
MR/, DB EE MK, SHAREFm
MEEHMPERL, At SMEBACRAT I8,

AR R ISR O M E R S5 A9 2200 B XTI 0%

ARGEMFTMERI, X5 2 #1A RS RER,
RN OMERGENFZMEETRTEETHZRLS. M
E. AR RIERNME UM HRNEXSREBTE
AYFH R AES ™, MR R AR IR RER BT
ARMXHF L RIEMARRERRESEE L
MG RAIRE(RE CAPARENRSHEE, MeHE
PRORIE fE B E R

AR BB ERK, AQXTHIEEE T AR
ZPXE, ARMERY. BRMRE RS HFELEH
R—1F, URHERFETEINMIR EMWERMMIEDE
MELE, FIREFERBNERE, MEAAHARER
EBTFTETFHRR, MOKFRBREARTEFUE
fl, ERUVAB —EIRE, b5, ABAORD, ST
AOEARZ, ALRENSERNEEXERAK, ©
MFH—T D SEFTBEWEE K EIREHIE, #
TR

Zr EFTRAIA, AR SRS AR IEEINEITE
CRREXABEBERNR, BASENK 1°CHETKA
ORT TR, BRIEMITE T HIERE. Bt
ZEA DMERTRAFEHREETEEMRSBA
B HTABRSEFHES, 2FKBKFELRS, M
BRAREZRHET U ABFREXNENEEHE,
B MAIRN, &R REEZ G, RIPABAZ
REZsRXUELHZRIFORAIRMM, FEIE
FETRRIEERS.
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