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Interaction effects of temperature and PM,s. O; on chronic obstructive pulmonary disease hospital admissions in Tianjin.
WANG Xiao-jia, DING Jing, YAO Qing’, HAN Su-qin (Tianjin Environmental Meteorology Center, CMA-NKU Cooperative
Laboratory for Atmospheric Environment-Health Research, Tianjin 300074, China). China Environmental Science, 2025,45(12):
6986~6995

Abstract: Both unsuitable temperatures and air pollution increase the health risks of chronic obstructive pulmonary disease (COPD).
To evaluate the single-effect effects of temperature, PM, 5 and O, as well as the the interaction effects of temperature and PM, 5 (or
03) and the interaction effects of PM, s and O;, COPD hospital admissions among residents in Tianjin from 2014 to 2019 were
collected for quantitative analysis using the generalized additive model. The results indicated that temperature significantly
influenced COPD hospitalizations in Tianjin, with the low-temperature effect markedly stronger than the high-temperature effect.
Low temperatures exerted a greater impact on females and the elderly. At maximum lag effects, every 10pg/m® increase in PM, 5 and
O3 concentrations was associated with 1.23% (95% CI: 0.79%, 1.67%) and 0.90% (95% CI: 0.58%, 1.23%) rise in COPD
hospitalization risk, respectively. Interaction analysis revealed synergistic effects between low temperatures and high PM, 5 levels, as
well as between high temperatures and elevated O3 concentrations.Moreover, at high temperatures, as the concentration of PM, s
increases, the risk of hospitalization for COPD caused by O exposure will increase. Given the increasing frequency of extreme
weather events, greater attention should be directed to the combined health risks of non-optimal temperatures and air pollution for
COPD. Measures such as early warning systems and preemptive interventions are recommended.

Key words: COPD; temperature; PM, s and Os; interaction effects; Generalized Additive Model (GAM)
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Table 1 Daily COPD hospital admissions, meteorological
factors, and pollutant concentrations in Tianjin from
2014 to 2019
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Fig.1 (a) Annual monthly variation in the proportion of
COPD hospital admissions in Tianjin (b) monthly average
variation in the proportion of COPD hospital admissions

among middle—aged and elderly populations
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effects of temperature on COPD hospital admissions
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Table 2 Effects of PM, s and O per 10pg/m’ increase on
COPD hospital admissions

S ER(95%CI)(%)
PM; 5 05
lag0 0.53(0.30,0.77)™" 0.52(0.20,0.84)"
lagl 0.54(0.30,0.77)"" 0.17(-0.15,0.49)
lag2 0.66(0.43,0.89)™" 0.26(-0.06,0.58)
lag3 0.72(0.48,0.95)™" 0.25(-0.06,0.57)
lag4 0.67(0.44,0.90)™" 0.10(-0.22,0.41)
lag5 0.65(0.41,0.88)""" 0.35(0.03,0.67)"
lag6 0.49(0.25,0.73)™" 0.90(0.58,1.23)""
lag7 0.51(0.27,0.74)™ 0.71(0.39,1.03)™"
lag01 0.61(0.34,0.88)""" 0.45(0.07,0.83)"
lag02 0.74(0.44,1.04)™ 0.44(0.02,0.86)"
lag03 0.89(0.56,1.22)™" 0.43(-0.01,088)
lag04 1.01(0.65,1.37)"" 0.41(-0.06,0.89)
lag05 1.12(0.74,1.51)™ 0.45(-0.04,0.96)
lag06 1.17(0.75,1.58)™" 0.72(0.19,1.24)"
lag07 1.23(0.79,1.67)"" 0.84(0.30,1.39)"

T 00 3 P<0.001,%* 48 2% P<0.01,* £, % P<0.05;Lag0~lag7 /X £ Wi 5
FB0~7d I M;1ag01~1ag0 74K BRI 1~7d 152 M.

%3 PM,s 1 O X A[E LA ANEE COPD {EBTHI MR
Table 3  Effects of PM, s and O3 on COPD hospital

admissions across different subgroups

b AL EROPHCDC)
PM; 5 0;
Y Bk 1.38(0.80,1.96) 1.19(0.77,1.62)"
g 1.04(0.37,1.71)" 0.46(-0.04,0.95)
15~64 % 1.04(0.10,1.99)° 1.10(0.37,1.83)"
>65 % 1.25(0.76,1.74)" 0.85(0.49,1.21)""

R P<0.001,* 48 3 P<0.01,*{ £ P<0.05.
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Fig.4 Interactive effects of temperature and PM, 5, O3 on
COPD hospital admissions
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Table 4 Effects of PM, 5 and O; concentrations on COPD

hospital admissions under different temperature levels

. ER(95%CI)(%
WIE S (O5%CDCE)

PM, s 0;
IRL(T<10°C) 1.26(0.69,1.82)" 0.65(-0.12,1.43)
FL(T>10°C) 0.54(-0.42,1.50) 1.10(0.41,1.80)

AR P<0.001,* 48 P<0.01,*4£ % P<0.05.
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Table 5 Effects of PM; 5 concentrations on COPD hospital

admissions under different O; concentration levels

WA = 05 /KF
05 LA EE(05<100pg/m’)

O3 FRE(05>100pg/m’)

PM, 5 ] ER(95%CI)(%) ¥ 4%
1.25(0.68,1.83)"" 828
0.64(-0.81,2.11) 13

05 LI E(05<100pg/m”)  —0.09(~1.43,1.27) 526

05 FRE(05>100ug/m®)  0.64(-0.81,2.11) 824

LR P<0.001, {8 P<0.01,*L £ P<0.05.
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Table 6 Effects of O; concentrations on COPD hospital

admissions under different PM, 5 concentration levels

WEESY PM, 5 7K 05 1 ER(95%CI)(%) FEAEL

PM, s IR EE(PM, s<35pg/m’)  1.94(0.48,3.42)" 239

ILIE(T<10°C) oo R
PM, s ik [ (PM, 5s>35ug/m’)  0.01(-0.93,0.95) 602

PM, 5 I B (PM, 5<35pg/m°)  0.61(-0.09,1.32) 387

FHE(T>10°C) . s
PM, s i i (PM, 5>35ug/m®)  0.97(0.49,1.45) 963

He {3 P<0.001,* 48 P<0.01,*18 K P<0.05.
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Yk IS, P Ay Qe WA AT RS HOVE F AT e il N B
PM, s WK FETRITH 51,05 28 17 2K 10 15 BELI 32 e IRz 184
i, 5 EC R B ATXURS: R 0.97%(95%CT:0.49%,1.45%).
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