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2.1. HHE R IE

SIMTEEE T 2013451 H 1 HAE 2015412 431 HAH
272 JERE T A HAE T3, 205 YK PRI R AR B 5
AT . T BRSPS BAE DU 7T [8-10]
CHE AN A, WS 2, X272 BT e E 314
BRATEX S8k, A D Hs 7 i SN DR 20% (R
29120, XL IAE HAET NSRS SRR SE T AR
PR ABET NS Xk B R E R R S R, %
RGEE R YAE HKF BB IAREME[11-12].

AW FIEFE T PR (PM, ). ALK (NO,
AR (O 1ENARK TR 5. B
ROAE A — N B AT I ORI, X =5 et 558
ToRR 2 A B35 HARE (M 9RHK[8,10,13]. PM, 5. NO, )%
H P93 FE L K2 O, ik 8 h P 459946 i Kb Sk s T 4 [E I
WS RELN KA T4 (http://106.37.208.233:20035/)
ZF A I 1265 AN RIS 5, #E 20154, AT
WIS A ECE 4 GEEDN 1~7 A o TR S T
B A RO, s 0PI, FRN %P ME s ORI T
A H 2S5 K. S3R B4R H AR SR A

oY P S SRR T B R R B L= RS RS0 (http://da-
ta.cma.cn/) o AT JT EIRMGE H R A FE AR B vF o
Z R (No. 2014-07-0523) .
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IRES R R 2= i A HBRAAE TR . B Je W i H EAsE T
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o, HERR 7R AT YR S R A PR T
F25HMMBEETHETSHAMBEMHTH, g
AR iy AL (4 500 o SR I A5 P b 44 %) B5F 1) 7 270 40 7 3R A 4 H
PM, . NO, Fl O, 1 547 48 4 FH ¢ 1) 58 T2 3% [8] JH &R $L
(1 pgem™) o KT ] 55050 AT 4015 75 2 BT R L A
TEAH P REIR[1,8,13]0 HH T BRFRANA F2 2 05 R IR FEAR
], 2AlHEESE (5~10 ) fvZ (1 HERFE4HD
TGP EIR R RS (RR), TR E. hEER
5 H P H B R =R 5 R [ E B HE (DoF)
NS RN ENRRERD, LAY RIS
(DoF N 6) FAHXHEE (DoF N3) [HR T EE[14].
XTI, 52 ATt s T R R, R 21
KRB PYNREE, HKG IO AU T XS B AR IR (R
22.8°C) fENBGE BIRIE[2]. 2RI KRB, HEM
TR BTN ek 8 T8, (EARROE B, 5
TR AT AR PR 2], Rk, BBLREMAET R
T (14 9 22 2 — AN DA B B 1 s o BR e ek 4. AR
I8 HT T 50 S AR IR B (RR = 1.68) AW bty = i
(RR = 1.16) (AR RS, FIH A (D A 2) it
HRALREE (1°C) ARAAHICIAE H ZE T 238 N ) R 4L
Coefficient for Cold=1n (1.68)/(22.8— (—1.4)) (1)
Coefficient for warm=1In (1.16)/(29.0-22.8)  (2)
A, 168 1 1.16 43 Ay -5 0 i R il AW iy vy i A O (1 5
H S ZE T ARG XS 22.8 A fid BLIR S ; —1.4 F129.0
3 5l 9 A8 it ARGl R iy o U P~ 40

2.2.2. FE4x E AHI

R P AH R 58 P HEAT FO T S R I, PM, 5 FINO,
5 5 58 24 R BUSLAB K, T O, TE 3 S5 PR K 1) 2R AR B
K[14], R4 590K FH PM,  RTNO, 24 K BL & O, ¥ Ji K
M RRAGIHEH FiZ b B H. &%, FMAHAKX B
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FFHAET-ZRMIEINE; Ax, 258 KREkR itk FrE2
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AHI R R A R R 2 I s AR S BRI H b H gk AT
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SR AR BN AE VS . BRI I 5 H P50 T N3
(R~ IE AT IO o 43 T B84 o R FEE I ER AL T~ 357 8
BAETIARE, AR
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AHI= (10/c )(ER,y,, +ERy, +ER, +ER,,,)  (5)
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B AAE T % CRFEOIAE BN w0 R IFIRR
Gup R AE VE L ZEVEIR) MR T “HERIEAHD . dE—

3

A3 gk L R A 2R 00 T RS A 0L O P (R AN AR i A
SUEN CAIC) 1, HE “SAHI” FI “45 50 AHL” 767
TBER BB TR MR ok, @ik AR (5
f710 B 9 500, K5 AHLHJ R HE 2] 0~500 (AHI, 50, »
DL A 1% Fi6 $0nT 5 M /0 1 AQLIEAT L, JF it — b
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3.1. ¥y AHI

ARHFFILIN T 272 k7. R 1 E45 T 2013—2015
IR E 272 BT AR HIE TS AL KRR 28 <35 e
YKo PM, 5. NO, MO, HAEF B{E 73 51 H 56 pg-m™.
31 pg-m A 77 pg-m™. 272 BER TR SORBLE A HH
PERIR GEFED N15°C GEFIN-0.5~25°C).

£ HPM,,« NO,» O, F RN e & FIHRE K 2.
IR i FEE A4 UL B2 BT 1Y) ¢ {43 790 29 18.00 A1 66.10. 75 5Lz if
FERS, 5 PM, . NO,. O, Fl1 R S Ar A8 A0 A 26 1) 42 BB R
BE T 2 38 A 1B A & E 4 S 0.000171. 0.000498
0.000090 F1 0.0239; 7£ %% & i FE i 43 ) v 0.000212.
0.000724. 0.000214 F10.0214. K, %5 5EAFT— KA
il —ANHh A, BREANEA IR R ) “ 08 AHL” 4353 w] LA
AR (6 FAAX (D KitH.

AHI for warm period=( 10/18.00 )- 100~[exp (0.0239'
(temperature—22.8)+)—1 +exp (0.000171-PM,, ) -1+
exp (0.000498-NO,) -1 +exp (0.000090-03)—1} (6)

AHI for cold period=(10/66.10 )-100- [exp (0.0214- (22.8-
temperature)+)—1 + exp (0.000212-PM2_5)—1+

exp (0.000724-NO,)—1 +exp (0.00021403)—1} (7)
FIRML T AHIFRA PSR, DU 2SS G
AF & B TS BUN A HB AL TR . FERF T,
272 AR T (°F 35 AHL N 6. 428 36% (¥ H 7 H AHI A K
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R1IRE 272 FER T 2013—2015 45 K358 5 11 BERE Hik

Variables Mean SD Minimum P25 Median P75 Maximum
Number of daily non-accidental
deaths
Total 16 16 3 7 12 20 165
CVD 8 7 1 3 6 10 65
CHD 3 3 0 1 2 3 28
Stroke 4 4 0 2 3 5 33
Respiratory disease 2 3 0 1 1 3 34
COPD 2 2 0 0 1 2 29
Air pollutants
PM,, (pg-m>) 56 20 18 41 54 67 127
NO, (pg+-m™) 31 11 10 22 30 38 66
O, (pg-m™) 77 14 36 68 77 87 113
Weather
Mean temperature (°C) 15 5 -0.5 12 16 18 25
Relative humidity (%) 68 10 35 61 71 77 91
SD: standard deviation; P25: the 25th percentile; P75: the 75th percentile.
|2 R 272 JAI T 2013—2015 459 3 AHL A 50 rh & fa e R 3R 10 |3 KT AHIANE S5 Qe ARG TR EEE 1 F R RO T s 1
RE Hik it
Diseases R Coefficients for each pollutant and temperature Parameters Mean SD  Minimum P25 Median P75 Maximum
PM, NO, (OX Temperature AHI 6 4 0 3 5 8 26
Warm period ER
CVD 24.30 0.000175 0.000511 0.000206 0.0321 Total (%) 28.23 24.81 1.03 10.48 18.57 39.87 172.80
CHD 21.60 0.000138 0.000705 0.000205 0.0295 PM, ; (%) 1.12 0.79 0.09 0.56 0.90 143 9.01
Stroke 25.60 0.000258 0.000362 0.000172 0.0336 0, (%) 1.35 0.75 0.08 0.79 1.19 1.77 536
Respiratory disease  38.80 0.000264 0.000834 0.000110 0.0416 NO, (%) 229 133 0.15 1.30 1.99  3.01 1047
COPD 32.00 0.000397 0.001110 0.000140 0.0317 Temperature (%) 23.47 24.15 0 6.25 14.46  34.41 167.59
Total 18.00 0.000171 0.000498 0.000090 0.0239
Cold period 3.2. AHI TN GE )
CVD 91.10 0.000248 0.000858 0.000240 0.0270 MFE4FT, AHLS 4K B4 FE R FET R FGEE D5
CHD 100.00 0.000277 0.000779 0.000217 0.0275 T EL M, “ A AHDY AR — AN, H 438 A
Stroke 82.10 0.000178 0.000743 0.000194 0.0256 BB 12 59 111 0.84% [95%%1%@@ (CD: 0.62%, 1.07%]-
Respiratory disease  53.50 0.000368 0.000953 0.000440 0.0185 ’
COFD 5730 0.000480 0.001170 0.000539 0.01%7 BOO A BRAE TN 1.01% (95% CL: 0.72%, 1.30%)
Total 66.10 0.000212 0.000724 0.000214 0.0214 SR AL T 2RI 110.98% (95% CI: 0.57%, 1.40%) . A H

The ¢ value is the scaling factor that denotes the maximum weighted average
of excess deaths per 100 people in the 272 cities. “Warm” is defined as a tem-
perature above the minimum mortality temperature; “cold” is defined as a tem-
perature below the minimum mortality temperature; and “coefficient” refers to
the total and specific mortality change associated with a unit change in temper-
ature and air pollutants. All AHIs were calculated based on the temperature at

lag 0-21 day, PM, ; at lag 0 day, NO, at lag 0 day, and O, at lag 2 day.

F 3. 21% N 4~5. 24% N6~8. 20% KT 8. 5 RAIGH
AEEE BB EA X H P BT E T A
28.23%, FHH# PM,,. NO,. O, F1F & B I FF 4> 5l &
1.12% 2.29%. 1.35%f1123.47% [HARX (3 iHE].

FET- RN 1.02% (95% CI: 0.65%, 1.39%) . LSIEIR RS0
PRAET N 1.66% (95% CI: 1.18%, 2.15%) 18P
FEVERTRAE T N 1.71% (95% CI: 1.15%, 2.27%) . 40
1R, EaEVEERN “8 AR 54 30R 0T R A%
Uy I ASES S IVE S N Y IR o A el
. “RAHI” 5 “RrtE AHD BT3RS 5% AR %
1B R B A THE B A SR EfR bR (RPAAIC) dEH
FHAL (R4 . ¥ AHI H a8 8 2] 0~500 J5, K HL
HI, oo, BFBIIN 50 N BAT, BAETTR . DI HR . i
o R PR G s R 1 BH M 0 AT 1T 2R 4y 1) 1
M0.91%. 1.13%. 1.18%. 1.07%. 1.79% Al 1. 84% (.



sk AR SD . XL THEE “ M AHL (0~10)
B8 — AN BT A THEAR 24

A AR H T H B SR = IREE ST BRI
HEAT REGE T, 13RI BB AT LG 3 B A 25 Lt
ITHEL (BRI . IR A TR S2FIR SBR[
PM,,. SO, CO Iy [ul 13 R AR & H AR AL T2 RS, Zi4h
PINPM, (. SO, M CO JF EHHr it it AHI, Hoip A5 3245
AL OB A R S2~S4) .

4. Wig

FEARSCH Z i e rp, 2T 4 [ 272 R 30T A 2L
P, IREEAR TG ARG BRI T — AN AHL
X B RO OB RS PR S AR T — A
TR F IR 45 RERW], 1% AHIETN 240 S0T
MBI M IET R I ORI R SRR, XA 4E
AHIAT AT BE B 1] 23 ARGEAT 23 /75 Y AL JSE AR 5 i e XU

AR TR

4.1. AHI kg

H AT AQLI 1 AQLi = I F TG Ak E, 52
AR, B0 AHL % R8T 32 B2 ST Je A 5 0] fg
MERERMT . £E 5 — DU Fir, Hu%5[16]1E 2 %t [l i [H
FHOCHIFFE A b, @A PM, 5« PM,« SO,« NO,Fl
O, 5 HILT- M B 5 IR PR &R, M 15 T8 XU
=S EfR Sl (HAQD [17]. Wi & R, H¥ZHh=
5 RV R b F R KCEE, HAQIME & T 411 19 AQI
B, RWUERBBEERT, AQI N RELIEHMHE L iz 4t
LRGP, BT 535944, TEAHIFIE SN T JEEH
TRLRE DAZRB VP AL K 8 2 R PR 5T IR 8] 3% 1) R A £t XL
B, AT B B b 1) A kiR AT IRV S 9

EREGEMNGEREREELAHIMEZE SR, 5
HAQIAHLAI 2, AHI )2 22 iR BT 5 1 2 S5 et
Kt i, Bk, AHIAXEA—E M RGN, VT

R4 HRCIRIE 272 PRI T 2013—2015 4E“4 7Pk AHID AN 8 AHI 546 HAE R HIAET- K [ &R

Total AHI (%)

Specific AHI (%)

Diseases - -
Estimates (95% CI) R’ AIC Estimates (95% CI) R’ AIC
CVD 1.01 (0.72, 1.30) 0.1405 1.4019 0.96 (0.67, 1.25) 0.1405 1.4019
CHD 0.98 (0.57, 1.40) 0.0847 1.2665 0.86 (0.44, 1.28) 0.0849 1.2661
Stroke 1.02 (0.65, 1.39) 0.0867 1.2978 0.92 (0.57, 1.28) 0.0865 1.2980
Respiratory disease 1.66 (1.18, 2.15) 0.0960 1.2135 1.66 (1.19, 2.13) 0.0959 1.2136
COPD 1.71 (1.15,2.27) 0.0833 1.1508 1.75 (1.19, 2.31) 0.0832 1.1511
Total 0.84 (0.62, 1.07) 0.1646 1.5648
CI: confidence interval. Estimates are presented as percentage changes and 95% CI associated per unit increase in indices.
Total CVD CHD
o 0094 o 0-10 1 o 0104
o o o
1 | = =
o 002+ o 0.02 o 0014
2 2 Z
5 T kS
[7] fmam-n < [0} [0} E
ia =l 14 o i o 5T
005+ .---"" -0.06 {----" -0.08 -~
T T T T T T T T T T T T
0 2 4 6 8 10 0 2 4 6 8 10
Total AHI Total AHI Total AHI
() (b) (c)
Stroke Respiratory diseases COPD
o 009 - o 0161
o j=)] [=)]
= C | ot
@ @ ]
e £ £
(5] o o
o 0014 o o 001
2 = =
) ks ks
[7] £ © 7] g
[ia o 14 o e
—0.07 A p=” 0141~

T T T T

4 6 8 10
Total AHI
(d)

o
N

T
0 2 4 6 8 10
Total AHI

Total AHI
(e) ®

B 1. R 272 M 2013—2015 5 AHL 58 H SSET 3 LI PHOR . O At RITEIR 28 GE50 LA B A8 1P EL 1R oy 0 DE T 74 F) 8 i 2 R 25
YEFIR AHIASET ZATN AR o SCR R P THE, AR IR 95% BEAR X[
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N RINNATAT BRI 5 9. DR A KRS, #
JITAT 223 S0 G 0 R R ARG 4 38 5 R AE — R ORI A
AR, KRR R T B T B0 E LA AR LG Y ) e
[18]. TEARWFFLH, KRHMAPM,, COFISO,, JEHUIT:
@© PM,, I RUSAR KRR BE BT VA T PM, 0 QFEZHTR &R
ORI 7T b A8 F AR (R B B e AR AT 0 A, R ILAE TR B 1 At
BTG W) I5 SO, RN K Rk 5 [19]: @)% H COWKE
AP IME N 1.2 mg-m™, AR T 3 H 25 S5 2 A5 1
(4mg-m™). fEMEAHIN, HAILEFEPM, . NO,M O,
VRN AR ETEAR, PR B85 Ged) ie AR € KR IR
1M H A58 HAE T2 1 S AL T Hoft <5 4449[8,10,13]

4.2. AHI {4 25

AW FEPPAl T BT ) AHLTE T0 4 D5 B0 1 20 AL 5l 56
TIRFHIMRI . SRER “BAHD FASERET R
() JL T 2RV AR DG, WA A . X 2e4h R B AHI7E Tl
DEE HBET RS TR I R 4. teAh, FEWE S5
TR Z MR R, MH “& AH” 5 “FER i
AHL” 132 TG THE, “8AHD” 5 “Re R AHL
TER LA A0 J7 T () R IR AR B, . X SRR IR i
AHI” AT g2 DTN -5 2% 005 YRl 5 A G AR50 Sl SE T
Ko BRI IS /AN R A RFET R, XA [H

R5 AHIR AT

PRI AIFE T A B AHT A] BE 45 ) (X RO B SE v, {H
FE T A ARHEAT A R S S T3 T A 8L AHL” SRefiliit
BB PRI AN 59 BB T AT RE SN (S SEH

4.3. AR AZ I

AT FUHR HH AR AHL & — >4 T 1) R JXURG: A8 o 1 L
BT 5 A A DGR A AR TR IS i, DA/ 3 2 5 T
AR5 AR e AN I B R R (B I R AT .
G, ZFRECRURAE T R B8R T 2 Fh KSR R R 2
(AR RS, T LI B AL T o — i i 60 1R 3 5 2 i 11 1
XS . b, AHIA B TR EE R AR R, 51584
PR BUR AT B R 8 . B, 4 PM, o2& EZ G R A
I, AATRT BARAD F A& 20 (R i )R8 L AR5 3 N
K SRS . IR A X R
i, AT AR SN (8D EL@EXAMEN. N
TG b\ A B R A B R AR R AT 45 R RE
R SHIH T AN AHLZKF T B g B RS S5 2 T AE A
A B2 DA R UL SR AR i . AHL AR T DLV N ILA
AQIIFIAN TS, FRAE NI 5 BN BEREAT KR @ ) TR, B
AATARE . RAB IR 7%, PRI 7T LUAR
8 224 Hh 1) R 858 2 1R A0 N 1R AIE DR ) R 372 M
AHI.

AHI Colors Levels Health implications

Cautionary statements

0-1 Green Good
tion and temperature pose little or no risk
2-3  Yellow Moderate

Air quality and temperature are satisfactory, and air pollu- None

Air quality and temperature are acceptable; however, for People with severe diseases should limit prolonged outdoor ex-

some pollutants or temperature, there may be a moderate ertion

health concern for a very small number of people who are

unusually sensitive to air pollution or temperature

4-5 Orange Unhealthy for
sensitive
groups

67 Red Unhealthy

fects. The general public is not likely to be affected

Members of sensitive groups may experience health ef- Active children and adults, and people with respiratory or

CVDs, should limit prolonged outdoor exertion

Some members of the general public may experience Common protective measures: Active children and adults,

health effects; members of sensitive groups may experi- and people with respiratory or CVDs, should avoid prolonged

ence more serious health effects

outdoor exertion and stay indoors with the doors and windows
closed; everyone else, especially children, should limit pro-
longed outdoor exertion

Specific adaptive measures: If air pollutants are the dominant
risk factors, the above sensitive groups may take personalized
protective measures (e.g., wearing a mask or respirator, using a
home air purifier, and taking fish oil); if temperature is the dom-
inant risk factor, the above sensitive groups may take precau-
tions to maintain suitable temperature conditions (e.g., using an
air conditioner and dressing appropriately according to the

weather conditions)




AHI Colors Levels Health implications

Cautionary statements

89 Purple
ulation is likely to be affected

10+ Maroon Hazardous

health effects

Very unhealthy Health warnings of emergency conditions. The entire pop- Common protective measures: Active children and adults,

and people with respiratory or CVDs, should avoid all outdoor
exertion and stay indoors with the doors and windows closed,;
everyone else, especially children, should limit outdoor exertion
Specific adaptive measures: If air pollutants are the dominant
risk factors, everyone may take personalized protective mea-
sures (e.g., wearing a mask or respirator, using a home air puri-
fier, and taking fish oil); if temperature is the dominant risk fac-
tor, everyone may take precautions to maintain suitable temper-
ature conditions (e.g., using an air conditioner and dressing ap-

propriately according to the weather conditions)

Health alert: Everyone may experience more serious Common protective measures: Everyone should avoid all out-

door exertion and stay indoors with the doors and windows
closed

Specific adaptive measures: If air pollutants are the dominant
risk factors, everyone should take personalized protective mea-
sures (e.g., wearing a mask or respirator, using a home air puri-
fier, and taking fish oil); if temperature is the dominant risk fac-
tor, everyone should take precautions to maintain suitable tem-
perature conditions (e.g., using an air conditioner and dressing

appropriately according to the weather conditions)

Note: Air pollutants are defined as the dominant risk factors if their excess health risks on a particular day are higher than the excess risks of temperature. Temper-

ature is defined as the dominant risk factor if its excess health risk is higher than the excess risks of air pollutants.
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Appendix A. Supplementary data

Supplementary data to this article can be found online
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