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[ Abstract]  Objective To explore the correlation analysis between short-term exposure of air pollutants and patients with a-
cute heart failure in monsoon climate area. Methods The information of patients with acute heart failure in anzhen hospital from Janu-
ary 2018 to December 2022, and the data of air pollutants and meteorology in the same period were continuously included, including
carbon monoxide (CO) , nitrogen dioxide (NO, ), ozone (0,), sulfur dioxide (SO, ), fine particles (PM, ;) and inhalable particles
(PM,,), daily average temperature and relative humidity. The generalized linear regression model was used to analyze the relationship
between different air pollutants and patients with acute heart failure. Results In this study, CO, NO, and SO, were found to be posi-
tively associated with the risk of acute heart failure (AHF) emergency visits. In the case of SO, , a significant association was observed
between each 10 pg/m’ increase in concentration and a single-day lag effect (Lag 0), with a RR of 1.085 (95% CI: 1.026 to
1.147). The RR values of multi-day cumulative effect (Lag 01 to Lag 04) were 1. 104, 1. 133, 1. 163 and 1. 192, all of which were
statistically significant and which exhibited an upward trend with the cumulative days increase. Statistically significant multi-day cumu-
lative effects (Lag 01 to Lag 04) were also identified ( P<0.05), and RR values were 1. 104, 1. 133, 1. 163 and 1. 192 in turn, indi-

cating a rising trend with longer cumulative exposure days. In gender-stratified analyses, significant associations were found in males for
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both the single-day Lag (Lag 0) and multi-day cumulative effects (Lag 01 to Lag 04) of SO,, where the RR increased from 1. 127 to

1.263, demonstrating a cumulative exposure-response pattern. In age-stratified analyses, individuals aged 65 years and older were

more susceptible to pollutants such as NO, and SO,, with most Lag periods (Lag 01 to ag04) showing significantly elevated risks.

Conclusion Short-term exposure of gaseous pollutants CO, NO, and SO, is significantly related to the number of emergency visits of

patients with heart failure, among which males, patients =65 and patients with recurrent acute heart failure are more susceptible.
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Tab.1 Descriptive statistics of daily emergency visits for acute heart failure and environmental factors,
Beijing Anzhen Hospital, from 2018 to 2022

O IE(%)
ARGk ¥ PrifEZE e/ ME S oNIE
1 25 50 75 99

12 () 3.85 2.96 0.00 0.00 2.00 3.00 5.00 13.00 21.00
B 2.15 1.88 0.00 0.00 1.00 2.00 3.00 8.00 13. 00
o 1.70 1.70 0.00 0.00 0.00 1.00 3.00 7.00 12. 00
RN (<65 %) 1.01 1. 14 0. 00 0.00 0.00 1.00 2.00 5.00 6. 00
BAEN (=65 %) 2. 84 2.38 0.00 0.00 1.00 2.00 4.00 10.00 15. 00
vz 0. 46 0.99 0.00 0.00 0.00 0.00 1.00 5.00 12. 00
giz 3.39 2.80 0. 00 0.00 1.00 3.00 500 12.00 18. 00

2z () 12. 89 5.49 1. 00 3.00  9.00 12.00 16.00 27.75 34. 00
1 7.52 3.59 0. 00 .00 5.00 7.00 10.00 17.00 23.00
E/gics 5.37 2.96 0. 00 0.00 3.00 5.00 7.00 14.00 17.00
FERAN(<65 2) 3.72 2.24 0.00 0.00 2.00 3.00 5.00 10.00 15. 00
BAEN (=65 %) 9.18 4.29 1.00 2.00  6.00 9.00 12.00 21.00 28. 00
EuNZS 0.75 1.17 0.00 0.00 0.00 0.00 1.00 5.00 10. 00
2 12. 15 5.52 0.00 2.00 800 12.00 16.00 27.00 32.00

FHXRIE (%) 54. 54 15.53 21.70 25.27 42.12 54.37 67.93 84.94 90. 23

HRE(C) 13.58 10. 90 -9.31 -5.98 3.84 14.21 24.17 29.98 31.68
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Fig.1 Association between exposure to six pollutants and the risk of outpatient visits
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Tab. 2 Associations of exposure to CO, NO,, and SO,

with the risk of emergency department visits

FFRE O RR 95%CI P
NO,_Lag 0 1.015 1.004~1. 026 0. 006
NO,_Lag 1 1.015 1.004~1. 026 0. 008
S0, lag 0 1.085 1. 026~ 1. 147 0. 004
CO_Lag 01 1. 052 1.001~1. 106 0. 046
NO,_Lag 01 1.021 1. 008~ 1. 034 0. 001
NO,_Lag 02 1. 020 1.005~1. 035 0.010
NO,_Lag 03 1.019 1.001~1.036 0.038
NO,_Lag 04 1.021 1.001~ 1. 041 0. 036
S0,_Lag 01 1. 104 1.028~1. 186 0. 007
S0,_Lag 02 1.133 1.042~1.233 0. 004
S0,_Lag 03 1.163 1. 056~ 1. 282 0. 002
S0,_Lag 04 1.192 1. 069~ 1. 330 0. 002
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Fig. 2 Association between exposure to six pollutants and the risk of emergency department visits
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Tab.1 Gender-stratified analysis of the associations of exposure
to PM,,, PM, s, CO, NO,, and SO, with the risk of

outpatient and emergency department visits

/72 Ml REENHNL RR

95% CI P1E

'z B PM_Lag3 1.008 1.000~1.015 0.044
Bt SO, lagl 1.133 1.002~1.283 0.046
2z B CO_Lag01 1.065 1.002~1.132 0.041
WHPE CO_lag 02 1.083 1.005~1.169 0.036
Bk CO_Tag03 1.106 1.012~1.209 0.027
Bk CO_Tag04 1.118 1.012~1.234  0.028
Bk NO,_Lag0 1.019 1.006~1.033 0.004
Bk NO,_Lag1 1.020 1.006~1.033 0.004
Bk NO,_Lag 01 1.028 1.044~1.034 0.001
B NO, Lag 02 1.028 1.009~1.047 0.004
BPE NO, Lag03 1.024 1.002~1.046 0.030
Bk NO,_Lag 04 1.025 1.000~1.049 0.046
HpE PM,s_1ag0 1.006 1.000~1.012 0.041
Bk S0, Lag0 1.116 1.042~1.195 0.002
FpE SO, Lag 01 1.127 1.032~1.230 0.008
B SO, Lag 02 1.176 1.061~1.304 0.002
e SO, Lag 03 1.226 1.088~1.381  0.001

HpE SO, Lag 04 1.263 1.104~1.444 0.001
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Fig.3 Gender-stratified analysis of the association between six pollutants and the risk of outpatient visits
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Fig. 4 Gender-stratified analysis of the association between six pollutants and the risk of emergency department visits
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Tab.4 Age-specific associations of exposure to PM, s,
0O;, NO,, and SO, with the risk of outpatient

and emergency department visits

X RS )

g/ &z © REIEH RR 95%CI P14
(%)

12 =65 SO,_Lag2 1.132 1.015~1.263 0.026

Zis =65 NO, Lag0 1.015 1.003~1.027 0.013
=65 NO, Lagl 1.015 1.003~1.028 0.014
<65 NO, Lag4 1.020 1.001~1.038 0.034
=65 NO, LagOl 1.022 1.007~1.037 0.003
<65 NO, Lag 02 1.029 1.003~1.055 0.029
<65 NO, Lag03 1.035 1.006~1.066 0.020
<65 NO, Lag04 1.049 1.015~1.083 0.004
<65 O;lag4 0.992 0.985~1.000 0.041
=65 PM,; lag0 1.006 1.000~1.011 0.049
=65 SO, lag0 1.111 1.043~1.183 0.001
=65 S0, Tagl 1.069 1.003~1.139 0.040
<65 SO, lag4 1.109 1.001~1.217 0.030
=65 SO, lag0l 1.149 1.060~1.246 0.001
=65 SO, lag02 1.182 1.075~1.301 0.001
=65 S0, lag03 1.211 1.084~1.352 0.001
=65 SO, Lag04 1.214 1.073~1.375 0.002
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Fig.5 Age-specific association between six pollutants and the risk of outpatient visits
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Fig. 6 Age-specific association between six pollutants and the risk of emergency department visits
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Fig.7 Visit-specific association between six pollutants and the risk of outpatient visits
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