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Effect of low-concentration carbon monoxide on cardiovascular and cerebrovascular disease
mortality of residents in Minhang District, Shanghai YING Sheng-jie®, CHEN Li**, GU Yi-qin?,
WANG Xi**, CHEN Lin-li*, LI Chuan-qi? (1.a.Department of Environmental and Occupational
Health b.Department of Immunization Program c.Department of Information, Shanghai Minhang
District Center for Disease Control and Prevention, Shanghai 201101, China; 2.Department of
Occupational Health and Poisoning Control, Shanghai Municipal Center for Disease Control and
Prevention, Shanghai 200336, China)

Abstract:

[Background] Conducting epidemiological studies on the short-term effect of low-concentration
carbon monoxide (CO) exposure on cardiovascular and cerebrovascular disease mortality among
populations in different regions can provide reference for making administrative decisions to
control ambient CO pollution, and provide clues for toxicological and physiological research of
CO, which has certain practical significance.

[Objective] This study quantitatively evaluates the short-term effect of low-concentration CO on
cardiovascular and cerebrovascular disease mortality.

BEEmE
eI BARIFMZTIE (2019MHZ005)

EEENT
%% (1984—), &, L, TEEID ;

E-mail : ivanaysj@126.com

BIEEE
Z5(£3F, E-mail : lichuangi@scdc.sh.cn

ferEE#
FZE R
Wi BER
REBH

BRI
TR
2020-05-05
2020-06-17

XEHS  2095-9982(2020)08-0747-06
FESES R122
XEFER A

»5|

NE5E, PR, BIGED, & RE—| iR
3f 38 IKAT X E R0 i & R RS TR
g ] HFESRIES, 2020, 37 (8) :
747-752.

> AR

www.jeom.org/article/cn/10.13213/j.cnki.jeom.2020.20211

Funding
This study was funded.

Correspondence to
LI Chuan-qi, E-mail: lichuangi@scdc.sh.cn

Ethics approval Obtained
Competing interests None declared
Received 2020-05-05

Accepted 2020-06-17

»To cite

YING Sheng-jie, CHEN Li, GU Yi-qin, et al. Effect
of low-concentration carbon monoxide on
cardiovascular and cerebrovascular disease
mortality of residents in Minhang District,
Shanghai[J]. Journal of Environmental and
Occupational Medicine, 2020, 37(8): 747-752.

> Link to this article
www.jeom.org/article/en/10.13213/j.cnki.jeom.2020.20211

www.jeom.org



748 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2020, 37(8)

[Methods] Daily cardiovascular and cerebrovascular disease, coronary heart disease, and stroke mortalities, air pollutant [CO, sulfur
dioxide (SO,), nitrogen dioxide (NO,), fine particulate matters (PM,s), and inhalable particulate matters (PMyo)] concentrations, and
meteorological data (average temperature and relative humidity) of Shanghai from January 1, 2013 to December 31, 2018 were
collected. Associations between low-concentration CO and daily mortality due to cardiovascular and cerebrovascular disease, coronary
heart disease, and stroke were estimated by generalized additive models, controlling for time trends, day-of-the-week effects, and
meteorological variables. Different lag patterns were also included in the models including single-day lag effect (lag0-lag5) and cumulative
lag effect (lag01, lag03, and lag05). Two-pollutant models were used after controlling for other ambient pollutants. Excess risk (ER) and
95% confidence interval (Cl) were used to indicate the increase of mortality risk.

[Results] Over the study period, the daily mean CO concentration was (0.74+0.28) mg-m>, which was far lower than the current ambient
air quality standard in China (4 mg:m?). The CO concentration showed a downward trend year by year with obvious seasonal periodicity.
The cardiovascular and cerebrovascular disease mortality in Minhang District was 19 544. In the single-pollutant models, CO concentration at
lag05 showed the strongest associations with cardiovascular and cerebrovascular disease, coronary heart disease, and stroke mortalities. For
a0.1mg-m? increase in average CO concentration, we observed significant increments in mortality of 2.23% (95% CI: 1.34%-3.12%) due to
cardiovascular and cerebrovascular disease, 1.53% (95% Cl: 0.19%-2.89%) due to coronary heart disease, and 2.76% (95% CI: 1.57%-3.97%)
due to stroke. In the two-pollutant models, no significant associations were shown after PM,s, PMy,, SO, and NO, were adjusted. The
exposure-response curves of CO concentration with the three causes of death at lag05 (max effect) showed a linear and slow increase
with no obvious threshold.

[Conclusion] Low-concentration CO exposure has an acute impact on the mortality risks of cardiovascular and cerebrovascular disease,
coronary heart disease, and stroke, while the independent effects after controlling for other air pollutants still need to be studied.

Keywords: carbon monoxide; cardiovascular and cerebrovascular disease; coronary heart disease; stroke; mortality; time-series
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fn, FAT XABMIER E (generalized additive model,
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NXRARE, ISR MASERAURERS &
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MEHNSRAR, @FEIREMEEE ; v IE
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SRYAREMERER 1. 3. 5 BRSRYIKRERZ D)
SEIME (lag01. lag03. lag0s) S AISINIREE, M EIR
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2.1 BERORMERBIRCHRASSRYIKRE
2013F 18 1H—2018%F 12 H31 HfE, L&

M K17 X B RE/ON M & RS T 2509 19544

I HIET (924) fl ; EPET AT 8054 f,

FHBEET (4+2) Il ; R XIET 976751, FI39H
BT (412) B, COMNBHREKRE (BEFKRE) A
(0.74+0.28) mg-m*, R #EGB 3095—2012 (K IBEF =
FREME) U FIEM ZRAITE, COBY24h FIKRER
B9 4mg:-m?3, 2013—2018 & L5/ HIY COREMIR
F PR {Eo PMase PMiow NO,. SO, IE B IR E F1YE
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Table 1 Descriptive statistics of selected deaths, air pollutants,
and meteorological variables in Minhang District of Shanghai,

2013—2018
(= I_‘ _ E/ \ ~B
t5#5 s BMECEAE
Indicator Min-Max
FEYEHETAR
Annual average daily deaths
DB
Cardiovascular and 9+4 0~27 9 (6~11)
cerebrovascular disease
007 (Coronary heart disease) 4+2 0~14 3 (2~5)
/x| (Stroke) 4+2 0~15 4 (3~6)
REBRY B TYRE
Daily average concentration of air
pollutants
co/ (mg-m'a) 0.7440.28 0.30~3.02 0.70 (0.55~0.85)
PM, 5/ (ug:m”) 46134 5~447 37 (23~58)
PM.o/ (ng'm”) 63£40 6467 52 (37~76)
NO./ (pg'm”) 42420 5~136 38 (28~53)
S0,/ (ng:m”) 15411 4~103 12 (9~17)
FEYRREN
Annual average meteorological
variables
iz t> =8 /o
PR/ °C . 18.02+8.85 -10.06~35.78  18.89 (10.17~24.94)
Average temperature/°C
SHERE /%
AR /% 70.10+13.33 27.7~98.4 70.80 (61.30~80.00)

Relative humidity/%

2.2 COREMBTETHESE
2013—2018 F CORE T B EIMNE WE 1,
A0, MR COREBRENKIFBETHIMET
MT . KEBEER, 6 FEIFE COREEAEN
ZFETHERED , ETHZTHETR, COKREEEFER
BREMET AN, BERIMAFLS. HIEEr “v”
BUZEM),
2.3 CO5HMBAMRS[SKRERNEX LD
KEFBRMIREAZER Z (BB Spearman 18X 7347
HZEREIR, CO5 PMys. PMyo. SO, NO, K E R 2 [8]
HEIEEX, STEFYKEMETEEKFEEREX,
IR 26
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Figure 1 Decomposition of multiplicative time series of CO
concentration in Shanghai, 2013—2018

COMREE/(mg-m*)[Concentration of CO/(mg-m?3)]

R2 KRSEMREMNSKEARZIER Spearman #HX 7347 ()
Table 2 Spearman correlation analysis between air pollutant
concentrations and meteorological factors (rs)

- KUSRIRE TSR AAEE
Bl Concentration of air pollutants Average Relative
Indicator .
PM,s  PMyo S0, NO, co temperature humidity
KESRYRE
Concentration of air
pollutants
PM, 5 1.000
PMyo 0.888" 1.000
S0, 0.726" 0.772" 1.000
NO, 0.715" 0.666" 0.651" 1.000
co 0.840" 0.722" 0.657" 0.736" 1.000
RS l=N=]
TR -0.302" -0.276" -0.408" -0.456" -0.302°  1.000
Average temperature
AESTEE

! L -0.217" -0.459" -0.461" -0.198" -0.075"  0.173" 1.000
Relative humidity

[’E (Note)] * : P<0.05,

2.4 CO 5.0 B & mIE T RIES 8] 51 53 4fr
241 BESZUNEEL AENHRERET, REH coR
ESEIN0.1mgm38Y, ABRSOMMERR. i
TR AR XFE TR R ER B2 H 95% €1 3K 30
BABRERET, FIEFPCOKRBESEROMK
MEZER. SORMFP NI 2EEXBERE—E
BYial, co 5O RME R R DT X XEKE S H
K ia 2~5d (lag0, lag2~lags) BRITFRENX, iEE
3d (lag3) MK ; 5 0RFE T X HY KB TE
wias5d (lags) BRITFERNX ; SHXFETXKEEI X
EX7T Y H A% 5 2~4d (lago, lag2~lagd) BHITFE
X, BUHE 3d (lag3) MR ERA
ZHEREFRERER, CORESEROMI
EEHRMPXIE T XY KBTS HER 1. 3. 5d7K

B o118 (lag0l. lag03. lagos) ¥ BEFKITEE
X 3 5EOREFETXEHXBKREEBER SdRE
#%ohFIIE (lagos) BAITFERN. BCORES3 %
FEAISE T X FE B9 K BXIITE lag05 BY R B Ko 7E lag05
ET_I.) co mrggﬂ%— 0.1 mg-m'3, EE'D‘H&M%E%\ JTE
IDVE FFRFE T RBE 59 Bl F = 2.23% (1.34%~3.12%)
1.53% (0.19%~2.89%) #12.76% (1.57%~3.97%) o
£3 CORESHE0.1mgmER O E &R,
AR RXFE RS SR ER R E 95%C/
(BETLIEDR)

Table 3 ER with 95% Cl of cardiovascular and cerebrovascular disease,

coronary heart disease, and stroke mortalities associated with
per 0.1 mg-m?increase in CO concentration (single-pollutant model)

DR

Cardiovascular and

cerebrovascular disease

lag0 0.118 0.028 4.190 <0.001 1.19 0.63~1.75
lagl 0.054 0.029 1.867 0.062 0.54 -0.03~1.12
lag2 0.076 0.029 2.620 0.009 0.76 0.19~1.33
lag3 0.124 0.028 4.358 <0.001 1.24 0.68~1.81
lag4 0.102 0.029 3.566 <0.001 1.03 0.46~1.59
lag5 0.074 0.029 2.581 0.010 0.75 0.18~1.32
lag01 0.113 0.033 3.464 <0.001 1.14 0.49~1.79
lag03 0.178 0.039 4.509 <0.001 1.79 1.01~2.58
lag05 0.220 0.044 4.975 <0.001 2.23 1.34~3.12
IR

Coronary heart disease

lag0 0.079 0.043 1.835 0.067 0.79 -0.05~1.65
lagl 0.040 0.044 0.903 0.367 0.40 -0.46~1.27
lag2 0.036 0.044 0.812 0.417 0.36 -0.50~1.23
lag3 0.077 0.043 1774 0.076 0.77 -0.08~1.63
lag4 0.059 0.044 1358 0.175 0.59 -0.26~1.46
lag5 0.088 0.044 2.011 0.044 0.88 0.02~1.74
lag01 0.078 0.050 1.569 0.117 0.78 -0.19~1.77
lag03 0.111 0.060 1.845 0.065 1.12 -0.07~2.32
lag05 0.152 0.068 2.244 0.025 1.53 0.19~2.89
X

Stroke

lag0 0.151 0.038 3.974 <0.001 1.52 0.77~2.27
lagl 0.073 0.039 1.860 0.063 0.73 -0.04~1.51
lag2 0.112 0.039 2.879 0.004 1.12 0.36~1.89
lag3 0.157 0.038 4.102 <0.001 1.58 0.82~2.34
lag4 0.137 0.039 3.550 <0.001 1.38 0.61~2.14
lag5 0.050 0.039 1.276 0.202 0.50 -0.27~1.28
lag01 0.146 0.044 3.331 <0.001 1.47 0.60~2.35
lag03 0.234 0.053 4.424 <0.001 2.37 1.31~3.44
lag05 0.273 0.060 4.573 <0.001 2.76 1.57~3.97

242 VUSHYNEE ISERIRER, ERAMN
mERt a1 (lagos) T, COERBHRESIMZIE,
FBEROMMERRT. dofE. FRETXRASHNE
DR T4, ERIRETR, EDHEET PMose PMio
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SO, MINO, LUE, COREA B 20 MM E KiK.
ORI R XSE T KRR R TR T F R o

R4 CORESARS0.1mg-m?* ERORMERER. BiK.
FRRSET KBS EEY ER B H 95% C/ (RUSRER)
Table 4 ER with 95% ClI of cardiovascular and cerebrovascular disease,
coronary heart disease, and stroke mortalities associated with
per 0.1 mg-m? increase in CO concentration (two-pollutant model)

ORI E

Cardiovascular and L ==)5
SHRY) cerebrovascular Coror}ary heart Stroke
Pollutant disease disease
ER/% 95% Cl/% ER/% 95% Cl/% ER/%  95%Cl/%
co 2.23 1.34~3.12 1.53 0.19~2.89 2.76 1.57~3.97
CO+PM; 5 0.32  -1.33~2.00 0.19 -2.29~2.73 0.53 -1.71~2.82
CO+PMy, 0.58 -0.77~1.95 0.34 -1.69~2.42 0.84 -0.99~2.72
CO+S0, 0.87 -0.34~2.10 0.31 -1.52~2.17 132 -0.33~3.00
CO+NO, 0.44 -1.07~1.98 0.51 -1.79~2.87 0.95 -1.10~3.05

243 FEE-RNEXFRHEZ HRNER, EERAMN
BIERYIE] (lagos) 4T, CORES DRIMERR. &
ORI R XFE T KPR AY 22 B8 [ R 2K ZR B 2% DL 2,
RORETRT lagos BY, TEIFER T KEIEE. BRI
M RSEEENEME, COREZUIT 3 HFEEIFET
MR R Ry ZE L. MBI 3 RSEATLTRIREE
RRZRFR & 2IEMNEMENEE EFH, BXRE
H(E. ERERER, coXY SO E &xim R XY
TN TFEM, BIMTFAH ; MY CORINZET
RPQELZH—MEERN T aEHRE 2N EAESR,

)

1.0 1.0

! . . . ! ! . .

0.5 1.0 1.2 2.0 0.5 1.0 1.2 2.0
COMREE/(mg:m?3) COMREE/(mg-:m?3)

Concentration of CO/(mg-m3) Concentration of CO/(mg-m3)

05 10 12 20
COMRE/(mg:m?)
Concentration of CO/(mg-m3)
2 CORE (lag05) 5:0MmEHER (A). @il (B) #

X (C) FECRPEHIRE - R X RERL

Figure 2 Exposure-response relationship between CO concentrations

(lag05) and cardiovascular and cerebrovascular disease (A), coronary

heart disease (B), and stroke (C) mortality risks

3 itig

AARKEBT ET cAMMIBEF 524, 1%
RE co BB S5 AR DI SRR TR SN,
GAM & —MIET RIS RBEEMN N B FFIR R
R TIER RV ID TR BRI G A, ERBEE
0[5 A 2 IES BB R LB Bt h K B a 3.
BN S RARSRERRNZ MW, RIS
Y5 R MR BRI BTy

E RN TR E cO 5 AR TR HHF PR
REHFRZMR, AMIFIECORESEREET
R EFEX o, 5EROER N ERHRERENE
EIEME X 128, BT OLEIRE co R EXT A B OIS
ERNAERMEHE LM, XARXNIFIECOSF
BB M B ERIE T RAEX MBI R, A IIFiE co
X9 51T B0\ B I B YR SR 5T - T FE X2 HA S0, 7 lagO5
B, COMREEAHS0.1mgm?, BREONME &KL
TXBEFHE 2.23% (1.34%~3.12%) - Bk= AKX AIERZR
B, COKRESFHE0.574mgm?® (0.5ppm), ERE
DI B IR L T XL T+ 3.04% (2.18%~3.90%) 1 ;
THHCORESEAS 0.1mgm?, BREOMMER
SR T XS FH S 0.52% (0.25%~0.80%) 4, 5 Itk FRIN
A5AELL, AR ER B FERE KT, FlaelRTAE
WA SIRFE. AOZRRHE £FKERR, AR
X RIFRRLE.. EIESRANZREBRRE, SHHE
M EIHEFEE —EE R

EARIZ AR LR, JFREEMS
I EREEN TR SRR E R AHAE. XY
FE 272 MEH AR, BEEMSRYE, coXY
SOMERRFETHRMRATFERITEREN, B
ZLIRBEAEE R REREIAERERET
AU FR X ZAREDFIIAET PM,s. PMio. SO,
FINO, LU, EMRBIRETHRITFEN I RC05
H KRR MSHNREXRNFHIEZHEESEM, co
S5HMASSEY 2 B R feFERENEL NS, A
BEFEE—TENHEEER. XUogESHRELEER
IR SSEMM A NERMEFRRE X, CO5HAM
SR EWERNAEFE—T RANHAR,

2013—2018 4, LB COMERKRE RN (0.74+
0.28) mg:m?, ¥ 1F coK F B F 4t = [(1.20+
1.00) mg:-m>]. "M [(1.35+0.49 ) mg-m?] EHAZKF !,
S5EABOERELFEY, KAREKI, BRLE
MIVIFIE CO T RK B FHEMITHIMEE SR
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SR (4mgm?®) BKFE, BcoKEARNS
FRSORMERR. &OmAkHXFET X EBYHE
BX, HRE-RNXASTHEEENL S LS
Fo BMEEREIFRARET, cott5 AZH O RME KR
RTRERFRIBE X, BETERRESR CORERN
[RIEN QRERIFRIFERB FH—P L, MBS
£EH, ERLTARIMEAE LRBHYGIFOEE
NABIRHEERE R coNR BN, RILEMITEIF
1% cCORENRE, REISERSHMF RN GERET
N HFETAEM,

FARN—ESFHRR, BREETENT | &
MRIERN cORERRRRT Ligh=mE L
EHRS, ULEEH o FRERGBITHITXER
RENKF, HELURERRRITEERSRIZBENE
SRR, AT A) BefFTE SEFRR B KRN E RIS ; T
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