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The effects of meteorological factors and air pollutants on respiratory

diseases and their interaction
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HUA Xiao—juan
‘Department of Public Health, Faculty of Medicine, Qinghai University, Xining, Qinghai 810000, China

Abstract: Objective To explore the independent and interactive effects of meteorological factors and air pollutants on the
outpatient visits of respiratory diseases in Xining City, and to provide a scientific basis for urban public health protection in
plateau areas. Methods A time-stratified case—crossover design was used. Outpatient visit data for respiratory diseases from
three hospitals in Xining during 2016—2021 were included, and pollutant data were obtained from the China Air Quality
Online Monitoring Platform. A generalized nonlinear model was applied to assess the lagged effects of CO, O;, SO, NO,,
PM,5, PM;5 and temperature. Interactions were quantified using a bivariate response surface model, relative excess risk due to
interaction (RERI), and attributable proportion (AP). Results The single pollutant model analysis showed that the risk of
outpatient visits increased with higher concentrations of CO and NO,. SO,, PM;; and PM,5 showed a ‘first increase and then
decrease’ curve, and the peak RRs were 1.69, 1.55 and 1.80, respectively. O; showed a ‘U’ shaped curve, and the trough
RR was 0.76. The lag effect analysis indicated that same—day effects were strongest for SO,, NO, and PM,,. The peak RR of
SO, reached (RR=1.54, 95% CI: 1.26-1.88) at lag 7 days, and the cumulative lag effect of NO, reached (RR=1.20, 95% CI:
1.11-1.31) at lag 3 days. The interaction analysis showed that SO,, NO,, PM,, and PM,s had a significant synergistic effect at
low temperatures, but had an antagonistic effect with Os. Under high temperature conditions, it only had a synergistic effect
with O;. Conclusion The risk of respiratory diseases in Xining is affected by the concentration of pollutants, temperature and
their interaction. Low temperature aggravates the health hazards of gaseous pollutants and particulate matter, and high
temperature enhances the hazard effect of Os.
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Figure 1 Time series diagram of residential pollutants, meteorological factors and outpatient number of respiratory diseases in Xining City

from 2016 to 2021
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Table 1 Descriptive analysis of pollutants, meteorological factors and outpatient number of respiratory diseases in Xining City from 2016 to

2021

s /M xts Pas Py Py R AH
04/(pg/m’) 11.00 9331 £33.46 68.00 92.00 115.00 281.00
CO/(mg+m’) 0.20 136 +0.78 0.81 1.13 1.64 6.10
SOY(ug/m’) 1.00 20.03 = 13.12 11.00 16.00 25.00 133.00
NO/(pug/m’) 1.00 3931 £16.11 28.00 36.00 49.00 110.00
PM,/(pg/m’) 6.00 87.87 +76.02 47.00 71.00 106.00 978.00
PM,+/(jng/m’) 4.00 40.17 £27.3 22.00 33.00 51.00 290.00
AHXEEE (%) 15.00 56.67 + 16.23 45.00 57.00 69.00 94.00
H ¥ E(°C) -16.20 6.46+9.15 -1.80 725 14.40 25.60
H¥ g h 9.00 163.71 +77.51 108.00 155.50 204.00 493.00
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Table 2 Correlation coefficient between meteorological factors and pollutants in Xining City from 2016 to 2021 (r)
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co 1

05 -0.42" 1
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2.3 FEUANFRARRR NG REWHa K2
s Y 5 R GRS AR 1Y) SR R R - R
PNEFEFR TG YA T BN Y B T S DL S R
J&i - AT IG5 CO 5 NO, M5 R 1) T = s
Jﬂﬁﬁiﬁﬂﬁ?iﬂ ;SOZ\PMIO }Fl] PMzAs %fﬂtﬂf‘ﬁiﬂfﬁ—l:
W, 7E 36.00.503.00 F1 152.30 pe/m’ 3535 K fH ,RR
B354 1.69 (95%CI:1.42 ~2.01).1.55 (95%CI:
1.28 ~1.88).1.80(95%CI:1.49 ~2.20);1fj O, FH
“UTEHIZE, 24 0, WREEAL T55 87% Z 5 97% 4%
i FE A A 130.00 ~ 170.00 pe/m®), 45 9 5 A3 403t
2 S, YUY ELE 159.40 pg/m® B KU B/, GRS
RR=0.76(95%CI:0.59 ~ 0.98) , R AE MK T Rk R 45
PR 12 = .

SO, 7 2 5% 4 K (lag0) XU e K (RR=1.10 ,95%
CI:1.03 ~ 1.18) , Fifi A5 ¥ifs 5 KA BEG I, XSS 22 B0 4 5

A3
- 1
-
3 g
k. :
g =
& Eim
]
- o
[ 1 ] i ' .
CO(mg/m"] J.i‘ ¥ o
Bz
§° i
& g
£ :
g H

REARC ARG I o X6 T SRR S5 2500, U 5 ¥ Js R
BB ZEEE K, 7R LR (lagd7) KB &H&EK
(RR=1.54 95%CI:1.26 ~ 1.88) ., NO, [FIFE/E BT YK
(lag0) XU Bt K (RR=1.20 ,95%CI:1.11 ~ 1.31), [ &
i JE R n, IRURS: R R AT, 7256 — K (lag3) 2
JE ROV EA B R 7 R RO 7R
K (1ag03 ) ik & i K (RR=1.49 95%CI:1.25 ~1.77),
ZJa JLRMSRAERF 3 KU o PMo FEZR R 24 K (lag0)
KBS K (RR=1.08 ,95%CI:1.02 ~ 1.15) , B 55 5 R
B 3E I, RS R, 7658 — K (lagl ) Z JG B
ANFFEA W . X T B S R0, W e ¥ IS R
B SRR BT R, 7R — K (lag01 ) I8 B e K
(RR=1.12,95% CI:1.02 ~1.23). {544 CO.0, I
PM, s 7E4% 850 B B %) B H i s 2500 A1 3R AR Y
Ja OV AEA B EH(P>0.05).

H———y
RRISSCH

- S———

b e}

Db L=
- - 5
-+ - g s
(R
—_—




PSRBT BE 2 2025 4E45 52 45 23 1

Modern Preventive Medicine, 2025, Vol. 52, NO. 23

< 4287 -

RR{95%C1)
1 (1]
RR{$°LCH
: p———i
P p——

AR(ISLCY)
@ G ok
RN
i =
| S
————
* ——h

RSl
"]

RRMNCH
B

Pilaoiw) £ A SA £ £ £ S A B A S A S A
:
g . g
| S H
= ; 3 | |
e y I
- au -;1 c-r ™ 304 L = :
> (1] » 5 S5 A
i) T R A B B AP R A A N S S
PBRREER MHE REmE
8 A B.C.D.E.F 40 CO.05.80,.NO, . PM,y.PM,s.

2 2016—2021 VG 7 i AN EG Y R IT 2 G50 T T2 AU 1 ¢ 2

Figure 2 Relationship between different pollutants and outpatient risk of respiratory diseases in Xining from 2016 to 2021
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Figure 3 Effect of interaction between temperature and pollutants on outpatient visits of respiratory diseases in Xining City from 2016 to

2021
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Table 3 Interaction between extreme temperature and pollutants on outpatient risk of respiratory diseases in Xining City from 2016 to 2021

&0
a0 g
20 o

SO Sl SRS RR RERI AP S
co G RRy, 1.02 (0.98 ~1.06)  0.03 (-0.02~0.07)  0.02(0.02~0.02)  1.02(0.97 ~ 1.06)
RRy 1.03 (1.02 ~ 1.04)
RR,, 1.07 (1.05 ~ 1.09)
TR RRy, 1.06 (1.03 ~1.08)  0.03 (-0.02~0.07)  0.03 (0.03~0.03)  1.03 (1.00 ~ 1.05)
RRy 1.03 (1.02 ~ 1.04)
RR, 1.11 (1.07 ~ 1.15)
SO, ik RRy, 0.98 (0.94~1.02)  0.07 (0.03~0.10)  0.07 (0.06~0.07)  1.07 (1.03 ~ 1.12)
RRy 1.01 (1.00 ~ 1.02)
RR,, 1.06 (1.04 ~ 1.08)
i RRy; 1.06 (1.03 ~ 1.09)  0.01 (-0.03~0.04)  0.01 (0.01~0.01)  1.01(1.00 ~ 1.04)
RRy 1.02 (1.01 ~ 1.03)
RR, 1.08 (1.05 ~ 1.11)
NO, kiR RRy 0.95(0.91~098)  0.11 (0.06~0.15)  0.10(0.09~0.10)  1.11 (1.06 ~ 1.15)
RRy 1.05 (1.04 ~ 1.06)
RR; 1.10 (1.08 ~ 1.13)
iR RRy 1.08 (105~ 1.10)  -0.03(-0.08 ~ 0.02) —0.02 (—0.03 ~=0.02) 0.98 (0.95 ~ 1.00)
RRy 1.06 (1.05 ~ 1.07)
RR,, 1.11 (1.06 ~ 1.16)
0, %I RRy 1.04 (1.02 ~ 1.06)  —0.17 (=0.24 ~ —0.10) =0.20 (-0.20 ~ —0.19)  0.84 (0.82 ~ 0.86)
RRy 0.99 (0.98 ~ 1.00)
RR; 0.87 (0.80 ~ 0.94)
[ RRy, 0.92(0.83~1.02)  0.15(0.05~025  0.14(0.13~0.15)  1.16(1.03 ~ 1.30)
RRy 0.98 (0.97 ~ 0.99)
RR, 1.05 (1.03 ~ 1.08)
PM,, MG RRy 0.99 (0.96 ~ 1.03)  0.06 (0.02~0.10)  0.05 (0.05~0.06)  1.06 (1.02 ~ 1.10)
RRy 1.05 (1.04 ~ 1.06)
RR;, 1.10 (1.08 ~ 1.12)
iR RRy, 1.06 (1.04 ~ 1.09)  0.03 (-0.02~0.08)  0.03 (0.02~0.03)  1.03 (1.00 ~ 1.05)
RRy 1.05 (1.04 ~ 1.06)
RRy, 1.14 (1.10 ~ 1.19)
PM.,5 I RR 0.93(0.89~0.98)  0.12(0.07~0.18)  0.11(0.10~0.11)  1.12(1.06 ~ 1.19)
RRy, 1.03 (1.02 ~ 1.04)
RRy, 1.08 (1.06 ~ 1.10)
[ RRy 1.07 (1.05 ~ 1.09)  =0.04 (=0.10 ~ 0.01) -0.04 (=0.04 ~ -0.04) 0.96 (0.94 ~ 0.98)
RRy 1.04 (1.02 ~ 1.05)
RR, 1.06 (1.01 ~ 1.11)
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