740 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2021, 38(7)

FBINTASR PM,s 5ERIEHF RGERIETRY
P Sk

R, FEe, R,

1LEBNARBARBEFRMSEFS TERIWEBHAE, A/m M 450001
2. BMAREREFR, JAE #BM 450003

REHR

Investigation

DOl 10.13213/j.cnki.jeom.2021.20436

I

[E5] RRBRYPM: RESERRAERRATAREFERTXEK, BREHHZIE
PM, s B RYERIL T A RBIRIATFEE R

[EH] EREITHEMNEAS PM, RES BREF RS 5K BT AEIEXRE,

[7575] W& 2019 EABM T ARKRITEY. SEZEUKEBREFRASGERILTEHE. XA
Spearman X DT =& Z [B]HIHER . KAETF Poisson DTEI M MED, ITHH< R
B BHIBNMSKRFEMAERRG, ARBNHT R PM, RESERRASKERBEHTET
ABIXRRGRERN, RN ERMEDHITOES .

[£552] 2019 FABMN TR RERBIF RAHEMIL T 19429 A, HIYFET (55.32413.35) Ao AP
M 2019 F PM, s F 3R E /9 (65.81+41.10) pg:m>s Spearman X DA RER, 1BIF RSt T%
JH AT AES PMys. PMyo. SO. NO,w COFISEWRIERR, 5 0s0 BIEEM
HEXEEERNEX (P<0.05), BITEMIREA, PM, SEHRRARR D AR, <65 %
>65 % ABIFET-RIKEL D BITE lag2. lags Ml lag3 RS, PM,s BFHE 10 ug-m?, XD F!
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Correlations between atmospheric PM, s and residents’ circulatory disease deaths in Zhengzhou
LIU Le', WEI Huiyan!, WANG Bingya?, HE Yan' (1.Department of Social Medicine and Health
Management, School of Public Health, Zhengzhou University, Zhengzhou, Henan 450001, China;
2.Department of Nutrition, Zhengzhou People’s Hospital, Zhengzhou, Henan 450003, China)
Abstract:

[Background] Exposure to air pollutant PM,s is closely related to the number of deaths from
circulatory diseases, but the impact varies among cities.

[Objective] This study focuses on the correlation between PM,s concentration and average daily
deaths from circulatory diseases of residents in Zhengzhou.

[Methods] Data of air pollutants, meteorological variables, and death of Zhengzhou residents in
2019 were collected. Spearman correlation analysis was used to understand the correlations among
the variables. Poisson generalized linear model was employed, after controlling covariates such as
long-term trend, day-of-the-week effect, and meteorological factors, to evaluate the daily circulatory
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disease deaths associated with atmospheric PM, s concentrations and the lag effect. Age- and season-stratified analyses were also conducted.

[Results] A total of 19429 people died of circulatory diseases in Zhengzhou in 2019, with an average of 55.32+13.35 people every day.
The average annual concentration of PM,s in Zhengzhou was (65.81+41.10) ug-m™ in 2019. The Spearman correlation analysis results
showed that the average daily death number of circulatory diseases was positively correlated with PM,s, PMyo, SO,, NO,, CO, and air
pressure, and negatively correlated with O, ., average daily temperature, and relative humidity (P<0.05). In the single-pollutant model, the
correlations between PM, s concentration and deaths from circulatory diseases in total, <65 years old, and > 65 years old populations were
strongest at lag2, lag4, and lag3, and for every 10 ug-m increase in the concentration of PM,s, the risk of daily mortality increased by 0.472%
(95% CI: 0.098%-0.847%), 0.700% (95% CI: 0.059%-1.345%), and 0.516% (95% CI: 0.097%-0.937%), respectively. The curve of the exposure-
response relationship between PM,s concentration and circulatory disease deaths showed an approximate linear rise. In both heating and
non-heating periods, every 10 ug:m? increase in PM, s concentration was associated with an increase in daily mortality risk of circulatory
system diseases in the total population by 0.665% (95% CI: 0.084%-1.249%) and 1.919% (95% ClI: 0.355%-3.506%) respectively (P<0.05); in
the non-heating period, every 10 ug-m? increase in PM,s concentration was associated with an increase in daily mortality risk of circulatory
diseases in the residents > 65 years by 2.734% (95% Cl: 0.975%-4.524%) (P<0.05). In the double-pollutant model, in the heating period,
when SO, was included, the risk of daily death from circulatory diseases associated with an increase in PM, s concentration was significant in
the total population and the people =65 years (P<0.05); when Osg, was included, the risk was still significant in the total population (P<0.05).
In the non-heating period, when SO,, CO, PM;,, NO,, and Os.g, were included respectively, the effect of PM,s concentration increase on the
daily mortality risk of circulatory diseases was still significant in the total population and the people =65 years (P<0.05).

[Conclusion] The increase of PM,s concentration is positively correlated with the increase of the risk of death from circulatory diseases

among residents in Zhengzhou; the elderly deserve special attention.

Keywords: air pollution; PM,;s; circulatory disease; death
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Table 1 Deaths due to circulatory diseases in Zhengzhou in 2019

HE A TRkt /% BB (xts)

Fie /%

<65 3758 19.34 10.30+3.54

>65 15671 80.66 42.93+11.75
=T

IR 7833 55.71 64.67+13.83

E|2asrb- ] 11596 44.29 47.52+8.70
Ait 19429 100.00 55.32413.35

2.2 FERIERYMES|SKREER

2019 FABMNTTARSISEY) PM,s. PMygw SO20 NOa«
Ossnn COEYREDHM 65.81. 113.76. 12.60. 50.63
98.58 ug'm*#1 1.00 mg:m=, E A1 50,. COH 055 7K E
9754 GB 3095—2012 (IMBE S REITHE) —KE
FRE (9957820 pg-m=. 4mg-m=, 100 pg-m3) ; PM,s.
PMio. NO, I HBIT GB 3095—2012 (IR IBEE SR E T
EY ZRIRERE (9507935, 700 40pgm™) ; H
¥IRE N 16.57°C, MBXEE 9 56.96%, HIIRRA
1.83m-s?, |[E1003.55hPa, £5R 3K 2,

R2 2019 FMMNHARKBSRYM[IRERKE
Table 2 The levels of atmospheric pollutants and meteorological
factors in Zhengzhou in 2019

=t X£s Min Pas M Pss Max

RISHEY
PM,s REE/ (ugm®) 65.81#41.10 1628 3393 5278 8593 216.28
PMuoiREE/ (ngm®) 113.76£51.98 33.11 7470 102.28 141.99 318.28
SO, REE/ (gm®)  12.605.89 206 897 1269 1606 31.61
NO,REE/ (ugm®)  50.63+14.58 23.17 3893 4981 61.08 101.84
COKREE/ (mgm?)  1.00£0.29 046 080 095 115 209
Ossn R/ (ugm®)  98.5847.04 18.00 5535 93.56 13581 236.45

it FSES
BRE /°C 16.57¢10.25 -3.00 720 1720 2620 33.60
EXHEE /% 56.96+12.47 26.50 47.50 57.00 67.00  86.00
BIRE/ (ms’)  1.83%0.52 070 145 180 210 355
S[E /hPa 1003.55£9.25 986.25 995.08 1003.95 1011.05 1026.95
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MSEHYEIEEX (P<0.05), 5055 B¥EEMNE
STHEEEHREX (P<0.05), SRNRXEEEHRITE
BEX (P>0.05), 6 MUSEMHIIRE Z BINEXMESR
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Table 3 Correlation coefficients between air pollutants, meteorological factors, and death toll of circulatory diseases in Zhengzhou in 2019

TE PMysiRE PMuoiRE SO, RE NO, /RE CORE O350 /FE BIRE HEXRE B XE SE
BIRAFRERIL T 0.584™ 0.499* 0.566™ 0.210% 0.389" -0.529" -0.674™ -0.183** -0.034 0.582**
PM, s TREE 1.000 0.841** 0.735™ 0.632** 0.744** -0.638"* -0.764"* -0.093 -0.143" 0.651**
PMyo SR E 1.000 0.742" 0.598* 0.528" -0.460"* 0.601%* -0.366" 0.035 0.482"*
SO, RE 1.000 0.642** 0.578"* -0.562"* -0.752** -0.434" -0.050 0.691**
NO.RE 1.000 0.586"" -0.465"* -0.469"* -0.090 -0.340" 0.498"*
CORE 1.000 -0.524"* -0.603** 0.150" -0.242" 0.552"*
O350 RE 1.000 0.827** 0.034 0.164*" -0.798"
RISRE 1.000 0.103* 0.179** -0.906"*
AESHEE 1.000 -0.294" -0.178™*
=E:2)Rbrd 1.000 -0.232**

[GE] * 1 P<0.05 ; ** : P<0.01,

2.4 PM,s RESBEHFAAEFBHIFETABBXR
241 BSRYNEBNEGLER ZERE, PMsTE
HRXWNERBEARRAKERECEZEEM, TG
2~3d BN, EHE2dRNMNEXR, PM,s BFHE
10pgm?, EEEHBHASKILT XL 0.472%
(95%CI : 0.098%~0.847%) o <65 % AB¥{E /5 4d BT
MK ; >65% ABER G 3d NEEML. PM,s &
& 10pgmBY, <65 % ABEHI>65 % ABFSLT-XBG
43 B 12 50 0.700% (95% CI : 0.059%~1.345%) « 0.516%
(95%Cl & 0.097%~0.937%) - VLE 1,

242 BE-RNxZHEZE EREAMNEERE
B RYIREENREKT, LFIBEE - RN LR,
PM,s SHEF RAER BABSETHER D E (<65 %
fM>65%) ABEFE T BUH B RIEE D lag2. lags
M lag3. PM,s KESEHF RABABEN AR FRDE
HISE T BRE RN X R ILE 2, AT LIEH=F
BE-RNXAZAHEYEIEMEENEIE EH, &
BARET, PMs X 2 ABERSET X ESRH — 152
HHNTEHREETEN,

243 WESZYEAINEER BT PMEE PM,s,
F LSS PM,s IAE X5 RADIRELES, 5|\ PM, BIE K
BRI PM1o-PM,s BO KR E (B, HR 4TI, ERAMA

T EBTIE (lag2. lagd) %4, 25 EE T S0,. CO.
PMuox Osn F1 NO, LA IS, PMos iR EE FH B 3 2 A B A
<65 % ABSSE NI ELAITERX ; £>65%
ANEBErh, AT SO, /5, PMys REF ST >65 5 AB
LT X B9 RL R (B PR A, A% CO. PMios NO, Hl Osg
&, PMys iREFHE 3T > 65 % ABEFET- XL AR MY
THRITFER N

05 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Eoo“““‘ HH HH“H
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1 2019 FxBM T PM,s RENTEIF R AEH B AR UK
F 7B T AR
Figure 1 Effects of PM,s concentrations on deaths due to
circulatory diseases in total and age-stratified populations
in Zhengzhou in 2019
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Figure 2 Curve of exposure-response relationship between PM,s
concentrations and deaths due to circulatory diseases in total (A),
<65 years (B), and =65 years (C) populations in Zhengzhou in 2019
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R4 2019 FKS PMys XA T B RIEFRAHEBIETHIE
TiEkE (RUSRYIER)

Table 4 Excess risk of mortality from circulatory diseases of
residents attributed to atmospheric PM,s in Zhengzhou in 2019
(multi-pollutant model)

L (Unit) © %

. BB (lag2) <65 % A\Ef (lagd) >65% \B¥ (lag3)
TS
ER 95%CI ER 95%CI ER 95%CI
PM,s 0.472° 0.098~0.847  0.700" 0.059~1.345 0.516" 0.097~0.937

PM,s+S0O, -0.418 -0.835~0.001 -0.079 -1.060~0.912 0.513" 0.012~1.017
PM,s+CO  -0.387 0.022~0.031 1.329 -0.177~2.857 -0.092 -0.811~0.633
PM,s+PMy, -0.331 -0.735~0.075 0.109 -0.839~1.067 0.052 -0.399~0.504
PM,s+NO, -0.412 -0.868~-0.046 0.146 -0.917~1.221 -0.102 -0.608~0.407

PM,s+0;5, -0.306 -0.716~0.105 0.147 -0.809~1.112 0.108 -0.347~0.566

[3F] * : P<0.05

244 HEAMASIFEAIRNREYY FRISHMIE
BUROER £, HAHAN S AR <65 5 M >65% AR
FE T Bl ik BY B K 7% JE R lag3. lag3. lagd BYEYSS
ZYRE ; IEEAIANS AR, <655 >65% AB¥
LT3 Bl BY B K f5 RN lag6. lag3. lag6 BYBY IS
RYREMNANIUSEMIEE, £RETR | EHMAH
MAEEARER, PM s RESFH S 10pugm?, STE AR
IR RS ER B SE T X5 51 10 0.665% (95% CI -
0.084%"~1.249%) #11.919% (95% C/ : 0.355%~3.506%)
(P<0.05) ; FEIEMHHER, PM, s RESF S 10pgm?,

>65%5 ABEBERAAKERSHET XIEM2.734%
(95% CI : 0.975%~4.524%) (P<0.05), X35 F ¥ 1&E B
o, TEHBER, AN S0,BF, PM, s iREF S8 AEE
fM>65% ABEHR RAEBE TN E AT S
ITFEENX (P<0.05) ; AN 055,87, TR ABHIET
XEREmMAREEHITFEREN (P<0.05), EIEHHR
HE, 93 B4 N SO, CO. PMios NO, # Osen &, PM,s i
EASXN 2 AEN>6s 5 ABBERRAKFSHL
TXEAEmBAEESITFEREN (P<0.05) TLEK 5.

&5 2019 FHEAHAMIEBARIAAS PM, s ST BN B RTEIF
RAFERETHBEEIRE (RSRIER)

Table 5 Excess risk of mortality from circulatory diseases of residents
attributed to atmospheric PM, s in heating and non-heating
periods Zhengzhou in 2019 (multi-pollutant model)

41 (Unit) © %

. BARE <65 % ABE >65 % Bt
e
ER 95% Cl ER 95% CI ER 95%Cl
it
PM, 5 0.665 0.084~1.249 0.956 -0.391~2.320 0.395 -0.260~1.054

PM,s+50,  0.749" 0.144~1.358 0.950 -0.455~2.374 0.708" 0.037~1.382
PM.s+CO 0.569 -0.476~1.624 1.674 -0.83674.248 0.283 -0.833~1.411
PM,s+PM;, -0.331 -0.735~0.075 -0.631 -1.573~0.319 -0.260 -0.708~0.190
PM,s+NO, 0.535 -0.173~1.248 1.331 -0.324~3.014 0.430 -0.367~1.234

PM,s+0sg 0.650° 0.059~1.244 0.921 -0.452~2.312 0.386 -0.283~1.059

FEHFAER
PM,s 1.919° 0.355%3.506 -0.357 -3.407~2.789 2.734° 0.975~4.524
PM,s+50,  2.337° 0.700~4.001 -1.069 -4.255~2.191 3.122" 1.278~4.999
PM,s+CO  2.161° 0.374~3.980 1.059 -2.550~4.802 2.831" 0.824~4.878
PM,s+PMy,  2.3317 0.635~3.995 -1.631 -4.573~3.319 2.760° 1.708~4.190
PM,s+NO, 1.828" 0.162%3.522 0.220 -3.054~3.604 2.571° 0.698~4.479
PM,s+0sg 17317 0.039~3.453 -1.073 -4.395°2.365 2.333" 0.431~4.271

[F] * 1 P<0.05,
3 itig

BIARERET, 2019 FELBMARKITEY) SO,
CO M Os40 REIIRT G GB 3095—2012 (R BT TR =
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RRSHRYBE,
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