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Special column: Population health effects of air pollutants
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Effect of short-term exposure to PM,, on mortality of cardiovascular diseases in Nanjing JIA
Yun-fei, CHEN Chun-jing, WANG Heng-xue, TANG Yan-zhao, SUN Feng-xia, WEI Li (Environmental
Health Division, Nanjing Center for Disease Control and Prevention, Nanjing, Jiangsu 210003,
China)

Abstract:

[Background] Studies on the relationship between PMy, pollution and population health have
been widely reported. Most studies only focus on the death risks of respiratory and circulatory
diseases, rather than specific cardiovascular diseases which also deserve concern, linked to PMy,
pollution.

[Objective] This study explores the effect of short-term exposure to PM;, on mortality of
cardiovascular diseases in Nanjing.

[Methods] Daily deaths from cardiovascular diseases, daily average concentrations of air
pollutants [including coarse particles (PMy,), sulfur dioxide (SO,), nitrogen dioxide (NO,), carbon
monoxide (CO), ozone (0s), and fine particles (PM,s)], and meteorological factors (including
temperature and relative humidity) from January 1, 2014 to December 31, 2018 in Nanjing were
collected to analyze the relationship between season-specific (cold season: October to next
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March; warm season: April to September) PM;, concentration and daily cardiovascular mortality by time-series analysis, and the effect
sizes in different gender, age, and educational level groups.

[Results] The average concentrations of PMy,, SO,, NO,, CO, 05, and PM,s were (91.6252.2) ug-m?, (17.749.9) ug-m?, (45.5+18.6) ug-m?,
(0.9£0.3) mg'm?, (100.8+49.1) ug-m>, and (52.5+34.7) ug-m?, respectively. The results of PM,,, NO,, and PM, s exceeded the national
class Il limits. For each 10 ug-m™ increase in PMy, concentration at annual level, the mortality risks of cardiovascular diseases, hypertension,
acute myocardial infarction, and other ischemic heart diseases increased by 0.88% (95% CI: 0.58%-1.18%), 1.74% (95% ClI: 0.96%-2.52%),
0.97% (95% CI: 0.46%-1.49%) and 0.79% (95% Cl: 0.33%-1.25%). At annual and cold season levels, for each 10 ug:m? increase in PMy,
concentration, the total mortality risks of cardiovascular diseases in women were higher than that in men; the risks in residents over age
of 65 increased by 0.99% (95% C/: 0.67%-1.31%) and 0.94% (95% CI: 0.58%-1.31%) respectively; the risks in residents under high school
education increased by 0.96% (95% CI: 0.62%-1.29%) and 0.86% (95% ClI: 0.47%-1.24%) respectively. There was no significant effect of PMyo
in warm season on mortality of cardiovascular diseases.

[Conclusion] Short-term exposure to PMy, increases the mortality risks of cardiovascular diseases, hypertension, acute myocardial

infarction, and other ischemic heart diseases.

Keywords: PMyy; cardiovascular disease; generalized additive model; mortality

AR NFRRIY) (particulate matter with median
aerodynamic diameter <10pm, PMy,) =i8 =R &1/
FERNTHEFET 10um B9FRIY, e N AR
B, XNEKEEIETSSY, iAW, #RE%
IR RITRFRRRA, PMo IR E SR A
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B, SREBIYEN (16.8+9.0) °C, HEXHEE BYEN
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FRAEY > PMioy SO5n NO,w PM,s EFIITEREREZ
AT AR E 9 3149 700 60, 40, 35ug'-m?, AR
PMiox NO, 1 PM, s IR EREREE ER ZRinER
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FRAERRE (160 ugm?), I3 1,
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MRRERMEXER
Table 1 Daily cardiovascular mortality, concentrations of air
pollutants, and selected atmospheric factors in Nanjing
from 2014 to 2018

158 (Index) X+s Min Py M P,s  Max

BIFET A
Average daily death

D ERR
Cardiovascular disease

BEInE
Hypertension

RMEOHAESE

Acute myocardial infarction

EAFR I OB
Other ischemic heart disease
KESEMRE

Concentration of air pollutants

17.3%5.3 5.0 140 17.0 20.8 40.0
2.2+1.6 0 1.0 20 3.0 9.0
4.9+2.4 0 30 50 6.0 16.0

7.1£3.1 0 50 70 90 210

PMuo/ (ug:m>) 91.6£52.2 12.7 54.6 80.2 117.3 408.7
SO2/ (ugm™)

NO2/ (ug:m™)

17.7+9.9 39 104 153 223 825

45.5+18.6 9.9 316 416 56.1 1296

co/ (mg:m?) 0.920.3 03 07 09 11 28
03/ (ug'm>) 100.8+49.1 8.4 62.6 91.2 132.4 316.0
PMas/ (ug-m”) 52.5+34.7 6.1 282 44.4 67.7 304.4
[SREXR
Meteorological factor

8 0

mE/C 16.849.0 -6.7 88 17.7 242 344
Temperature/°C

HEXTEE /%

Relative humidity/% 73.2413.4 28.0 64.0 74.0 83.4 99.0
o

&2 20142018 FEARERHABETAS PMy BERER
FROMERRBAIFE T
Table 2 The average concentrations of PMy, in different seasons
and average daily deaths from cardiovascular diseases in Nanjing
from 2014 to 2018

BIFET AL

Average daily death
R RERE/

SO HhERM

el /d (hgm?) N N
Season Days/ Concentration/ DM ELRS =nE 222 e
3 Cardiovascular ) Acute Other
d (ngm”) i Hypertension X . .
disease myocardial  ischemic
infarction heart disease
%% (10-38)
Cold season
911 108.3#56.4  19.55.2 2,616 5.6£2.5 8.043.1
(October to next
March)
BZE (@—9A)
Warm season 915 75.1+41.5 15.2+4.4 1.9+1.5 44421 6.2+2.7

(April to September)

ME 1A UEY, 8F4ZF PV, B RERER
EBTEZS, PV, HYRERESIEIHINELZE,
2.2 FARZFETKSR PMy SRR MERRFFE T XL
B2

SFEKFE, PMy RERESIE 0 10 pg-m* B, 10

www.jeom.org



756 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2020, 37(8)

MEFER. &ME. 2 OAESE. B Ol
BIFE T RBE 5 B F+ 5 0.88% (95% CI & 0.58%~1.18%) «
1.74% (95% CI : 0.96%~2.52%) . 0.97% (95% CI :
0.46%~1.49%) . 0.79% (95% CI : 0.33%~1.25%) ; PMyo
FRERESEM10pgm?, AEFOME R EEFIL
TS TES, HPUSMERTHXKRE A
(ER=1.67%, 95%Cl : 0.81%~2.53%) , TL 3 3,

400
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0 L L L L 1
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H A (Date)

1 2014—2018 FRARMAS PMy B3R ERERN
B j&] 51|
Figure 1 The time-series diagram of daily average concentrations
of PMy, in Nanjing from 2014 to 2018

FR&RE/(ug-m)[Concentration/(ug-m=)]

R3 KRPMy RERESIEM 10 pg-m > HAREOLERR
FETRPEHIBEREIE [ER (95%C1) ]
Table 3 The excess risks of mortality from different cardiovascular
diseases for each increase of 10 ug-:m= in PMy, concentration
B (Unit) © %
SMOHEIE  EMERm % OB

Acute myocardial Other ischemic heart

" D E SR
=1 Cardiovascular

BIME

Season Hypertension

disease infarction disease
E 0.88 1.74 0.97 0.79
Annual (0.58, 1.18) © (0.96, 2.52) © (0.46, 1.49) " (0.33, 1.25) ©
EES 0.77 1.67 0.99 0.83
Cold season  (0.43, 1.11) © (0.81, 2.53) © (039, 1.59) (032, 1.35) °
S 0.54 1.41 0.44 0.38
Warm season (-0.11, 1.19) (-0.31, 3.13) (-0.63, 1.51) (-0.64, 1.39)

[>* (Note)] * : P<0.05,

2. 3 KRS PMy X RE MR F#E. XTI AE O

I B T XU A 52 0

SEKFE : PMy BIE2RESIEM 10 ugm* B, £
ABEOMERRSIFETHXRFA = 0.88% (95%CI :
0.58%~1.18%) ; BMMLZMAB LM EZERDIETX
RASHYESRITEENX (P<0.05), THEABLMER
BEFTRESTEM ; >65 5 ABOMEERKEIT
T XS F+ 5 0.99% (95%CI - 0.67%~1.31%) , M <65%
ABEFITFEEN (P>0.05) ; B8R UTEHAZCI
EEREET XS 0.96% (95%Cl :0.62%~1.29%) ,

BRERFEAR R EFHAE (ER=0.65%, 95%Cl :
0.02%~1.29%) , W% 4,

REIKT  PMy R E KR E S IE 10 pgm™ B,
2 ABELOMEER ST X FAS0.77% (95%
Cl: 0.43%~1.11%) ; LM O IME &R R IETH X
F = 1.02% (95%Cl : 0.56%~1.47%), BAE & F B 14
(ER=0.63%, 95% CI : 0.15%~1.12%) ; >65 % A &%\ [
BIERREE T XSS 0.94% (95%Cl :0.58%~1.31%) ,
M<65% ABLHITFENX (P>0.05) ; &@FLUTF
A B E &R ST XL F+ 5 0.86% (95% CI -
0.47%~1.24%) , B MU LEFZRABELFHZITFERX (P>
0.05) , Tl% 4o

BRZEKT : T2 AE, RRMRN. Fie R LKk
TFEIANBER, PMy BI2RESIE 0 10 ug-m* BY, O
EHERRSIET NSRBI ERITFERENX (P>0.05), I
x4

&4 KSPMy BRERESIEMN10pug m® HRRABOME
R BT REABEREIE [ER (95%C1) ]

Table 4 The excess risks of cardiovascular mortality in different

populations for each increase of 10 ug-m= in PMy, concentration

AL (Unit) © %
4A3) S BE B

Groups Annual Cold season Warm season

L ANEE 0.88 0.77 0.54

Total (0.58, 1.18) ~ (0.43,1.11) " (-0.11, 1.19)
1431 (Gender)
=] 0.78 0.63 0.23
Male (038, 1.19) * (0.15, 1.12) * (-0.57, 1.04)
kg 1.02 1.02 0.69
Female (0.61, 1.44) " (0.56, 1.47) * (-0.20, 1.59)

Fe /% (Age/years)

65 0.24 -0.31 0.61
(-0.53, 1.02) (-1.21, 0.61) (-0.88, 2..09)
“65 0.99 0.94 0.44
(0.67, 1.31) ° (0.58, 1.31) * (-0.25, 1.13)
XA KF
Educational level
BT 0.96 0.86 0.48
Below high school (0.62, 1.29) " (0.47, 1.24) " (-0.23, 1.19)
ER R 0.65 0.45 0.63
High school and above  (0.02, 1.29) * (-0.28, 1.19) (-0.71, 1.97)
[>F (Note)] * : P<0.05,
2.4 SRS

ETHRBBREMNMAN SO, COJE, PMRERE
SN 10pgm?, DIMEEFSFTLTHIREEWRN,
RELERIEBRIBTE ; BAANO, &7, DIMERRK ST
T XL T ; AN E, DIMERRBEIET
XBLBAZFER, K5,
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R5 KR PMy RERESIEH 10 pg-m3 IO M EERFSIE
T RPSHISURE R R
Table 5 Sensitivity to the risk of mortality from cardiovascular
diseases for each increase of 10 ug-:m= in PMy, concentration

——n BEIEME/F OIMERHEEIETRR [ER (95%C1) /%]
KSR : ) )
. Degree of freedom of Risk of mortality from cardiovascular
Air pollutant X 1 .
time/year diseases

PMyo 5 0.93 (0.64~1.23)

PM, 6 0.92 (0.63~1.22) *

PMyo 7 0.88 (0.58~1.18)

PM, 8 0.87 (0.57~1.17) *
PM;¢+S0, 7 0.87 (0.60~1.14) "
PM;o+NO, 7 0.72 (0.48~0.96) "
PMyo+CO 7 0.88 (0.58~1.18)

PM;+03 7 0.56 (0.33~0.81) *

[3E (Note) ] * : P<0.05,

3 itig

TRRERETR, MRMASISEY PM, FFY
FRE R E A (91.6452.2) ug'm?, 2 GB 3095—2012 —
FATERRE (70ugm?®) BY1.31 1%, SR DELHLH
EN2IK(TSREMME) BERENE (20pgm?)
1458, HEFYRERERESTAEHT (T
B) PIARERY, XRATEEHTAS PM SRR
™E, EEFREHNMENKSSRYAE,

LEKFE, PMy, BRERESIEN 10 ugm? BT, /O
ExEA. mME. 2% O/EESE. EAaER 1% OB R
TR 5FH = 0.88% (95%Cl :0.58%~1.18%) « 1.74%
(95%Cl : 0.96%~2.52%) « 0.97% (95%CI : 0.46%~1.49%) .
0.79% (95%Cl : 0.33%~1.25%) o H H1 PMy, X /0 I B &
BRI T MR E 5 T E A IME X5 R 12,
X B &R % O BE R SE TS XU 5 b 5 (ER=0.33%,
95%Cl : 0.13%~0.52%) ", = I (ER=0.53%, 95%CI :
0.01%~1.05%) " IR A —5, X2 M OAET
BT X5 M8 X R4 R (ER=1.006%, 95% C/ -
1.002%~1.009%) "o W R 4BE. FEABER : £—, H
FimitXEZESHIREAEZEARE, REIET PM., I
FHROERRK, SHXNMAER, LI, S
™ PMy, R EWARIERE, ERIEAIAE R,
MR BHIZEMR, SEREE2REA, B2
A ERSE THERL AT I, EBR TR AR PM,o 5 ZR
ENHAD. £, SMEHHNHSELFKE. AQZF
FHER ABSTS RN Z . SO ME RAREE
RN ZREFRRAR, U5 EMRERNRE,
FE=, RMET B4 E REE ST E B HENE
BRE O REE M RE R, LI, RV NBEESTE

=, XEEFEBRARLER B, FTERRAR,
EERFENEBREEREREERTERE, 5D
fEFEREIEM, SBORAENE ;, WERAKRALR
MRIXT O M B RRIFE TR A, FRAST,
F5 B 53 O M B R A B XU,

2EMILEKE, PMy BIE M 10 ug-m3, D
MEFERSFET XSS TEM, X5ERIMEXH
RER—HY, JRERRRSHANZBREEX, K
MO M B EREH K. >65 % A OMERR ST
X3 BIFHE 0.99% (95%CI :0.67%~1.31%) « 0.94%
(95%Cl : 0.58%~1.31%) , M<65% ABELHRITERENX
(P>0.05), SATHARLER @ F—2, REA A HE
E I >65F ABBHREIMINERIR, BERE /TS,
BRETEEPM,KREN, thes T U TABERSZ H
MOMEER ; >65 % AR B LLIRTE B, FIEHIAK
BAERIRE, EINEEEK, PM 2B BKEST
65 % LIF ABf. &R UTEROMERR ST X
DHFHE 0.96% (95%Cl © 0.62%~1.29%) « 0.86% (95%C -
0.47%~1.24%) , BBE R FEHR MU LEFHAR, HR
HLREEZE—THRY - TR FHAHE
KERIPRIRE, ERXREARMEOZ, RERIDIN
HEE. LI, EFZAHABBATRIVER, KZEE
ALE, EINBEITERR,

BRI TERTASPM O ERERES OM
EERRFETHXR, IWET AENHUEFTT PV, 2
BRNNEZE DT, LT T8RS D T, BNEE
—ENREZLR : ABEPM BEBKEFEHANEES
Bl SN SEIE, SMEGEBEKFEEER.

SFELER, BERMASPMERBRETRESIY
MOMEER. SiE. 2% 0ANEESER E 4 Ek i %
DIERIIFE - XL, oM. >65 % MEm LT ABEN
PMyo O\ E R IRUN BIBUR AR, FEB XA
RERSEHBMMAGIFLIE, RANMASSSRIEES
B, TEMNXEALZMRENG, ML MmE &
JREISET K,

8237
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