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Association between long-term mixed air pollution exposure
and the risk of drug-resistant tuberculosis based on three statistical models
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to Shandong First Medical University, Jinan 250021, Shandong, China; 3. Department of Respiratory and Critical Care Medicine,
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Abstract: Objective To study the effects of long-term mixed exposure to five common air pollutants (PM,,, PM,,
SO,, NO,, and O,) on the incidence of drug-resistant tuberculosis (DR-TB) , and to provide a basis for the prevention
and treatment of DR-TB. Methods Laboratory test results, clinical indicators and sociodemographic information of
3,369 patients who were first diagnosed DR-TB patients in Shandong Province from 2015 to 2019 were collected.
Patients were monitored for exposure to air pollutants during four exposure windows (90, 180, 270 and 360 days before

diagnosis) . The Logistic regression (LR) model was used to evaluate the impact of a single pollutant. Weighted quan-
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tile sum (WQS) and Bayesian kernel machine regression (BKMR) models were applied to examine the joint effects of
pollutants, with the BKMR model was used to study the concentration-response ( C-R) relationship between pollutants
and the risk of DR-TB, as well as the interactions between pollutants. Results The results of LR model showed that
the increase of O, concentration was associated with the increased risk of IR-TB during the 90 days exposure window
(OR=1.008,P=0.02). The results of WQS and BKMR models showed that the mixed exposure to air pollutants
reduced the risk of IR-TB and MDR-TB (B,=0.75, P=0.01). The results of the BKMR model showed that NO,
reduced the risk of IR-TB (90 days: 8=-0.12, 95%CI. -0.22~-0.02; 360 days: 8=-0.10, 95%CI. -0.19~-0.01)
and MDR-TB (90 days: 8=-0.10, 95%CI. -0.19~-0.01; 360 days: B=-0.13, 95%CI. —-0.22~-0.04) , and the
association was statistically significant ( P<0.05). In addition, the model also showed a non-linear relationship between
NO, and the risk of DR-TB, as well as interactions with other pollutants under mixed exposure conditions.
Conclusion High levels of O, exposure can increase the risk of IR-TB; long-term exposure to mixed air pollutants was
not associated with the risk of DR-TB. Long-term exposure to mixed air pollutants is not associated with the risk of
DR-TB.
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Table 2 Information of TB patients detected by smear test in Shandong, China, 2015-2019/n( %)

TH S (n=3369) ] IR-TB (n=173) ”MDR-TB(n=115)
ks X P i X P
i % <0.001 0.06
0~14 11(0.33) 1(0.58) 0
15~24 407(12.08) 25(14.45) 13(11.30)
25~44 839(24.90) 64(36.99) 42(36.52)
45~64 1126(33.42) 51(29.48) 33(28.70)
=65 986(29.27) 32(18.50) 27(23.48)
5 0.95 0.33 0.97 0.32
i 568(16.86) 149(86.13) 15(13.04)
3 2801(83.14) 24(13.87) 100( 86.96)
e 2.51 0.11 0.38 0.54
& 2631(78.09) 29(16.76) 93(80.87)
ps 738(21.91) 144(83.24) 22(19.13)
R 2.72 0.10 2.87 0.09
& 2774(82.34) 22(12.72) 102(88.70)
7= 595(17.66) 151(87.28) 13(11.30)
Wi IR IR 0.56 0.45 <0.001  >0.999
& 2990(88.75) 22(12.72) 102(88.70)
7 379(11.25) 297(90.00) 13(11.30)
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SRTGY R E AT I LR, PM F PM, s NO, ZIRIfFAEIEMIE KR ; 0, SHAG 2 [0
WP BITE SN ; SO, M O, M /e, TSGR, WA 1,
(ER R BE, Wk 3, 5 Z H

3 AUTRPHRIEG R (pgem™)
Table 3 Descriptive statistics of air pollutants/ (pg-m™)

5L FIE /M Py Py, Ps N1
PM,, 116.07 24.18 92.00 111.32 133.88 406.35
PM, 63.65 12.18 46.66 58.91 74.47 274.35
SO, 31.76 6.35 19.82 28.00 39.65 132.94
NO, 38.84 11.29 31.53 37.53 44.65 92.41
0O, 67.05 12.82 48.88 67.53 83.05 167.76
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Figure 1 Spearman’s correlation between air pollutants
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Figure 2 Association between single exposure to air pollutants and the risk of drug-resistant tuberculosis
A IR-TB; B: MDR-TB. Red error bars; P<0.05.

W4, O, EIMPIF DR-TB % 9k XS 19 £ 55
July ,NO, SEREAR & 9 KU 1) = 2205 e ) (A (H
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2.3.2 WQS f&F

WQS BERIZE R 7R FE 90 d B EZ 1 N,
EEGRYNIR G RS IR-TB A&k KU RG22
FRME(B,=0.75, 95%CI; 0.59~0.96,P=0.01),

F4 WQS BRI FIR A KI5 %t DR-TB A KUK 4 1E [ A 67 fia] 16 5 45517
Table 4 Positive and negative joint effects of mixed air pollution on the risk of DR-TB in the WQS model

BT REE O/ L1 e
B, 95%CI P B, 95%CI P

IR-TB 90 0.91 0.79~1.04 0.15 0.75 0.59~0.96 0.01
180 0.99 0.81~1.20 0.89 0.88 0.67~1.16 0.37

270 0.78 0.55~1.09 0.14 0.85 0.61~1.19 0.35

360 0.92 0.76~1.13 0.44 0.87 0.67~1.12 0.27

MDR-TB

90 1.68 0.92~3.43 0.15 0.80 0.60~1.08 0.15

180 1.37 0.68~2.77 0.38 0.98 0.72~1.35 0.92

270 0.97 0.79~1.20 0.78 0.90 0.69~1.19 0.47

360 0.84 0.42~1.66 0.61 0.93 0.72~1.20 0.58
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Figure 3 The relative weight of air pollutants on the risk of IR-TB
A : Positive effect within 90 days; B: Positive effect within 180 days; C: Positive effect within 270 days; D: Positive
effect within 360 days; E: Negative effect within 90 days; F: Negative effect within 180 days; G: Negative effect within
270 days; H: Negative effect within 360 days.
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Figure 4 The relative weight of air pollutants on the risk of MDR-TB
A : Positive effect within 90 days; B: Positive effect within 180 days; C. Positive effect within 270 days; D Positive
effect within 360 days; E: Negative effect within 90 days; F: Negative effect within 180 days; G: Negative effect within
270 days; H: Negative effect within 360 days.
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2.3.3 BKMR %
FAANZS R 05 Ye ) 7% 75 10 PIP 45 3 /s, IR-TB
(4270 d 2% 0 H) Fl MDR-TB & Jig XU (5

180 d 1270 d S5 % [ 1) ¥ @ox i % NO, R
gk (PIP>0.5) . WLEE 5,

%5 DR-TB 2S5 QM 7e A #1119 PIPs
Table 5 PIPs for air pollutants in DR-TB for four exposure windows

M2 PER B 110)/d PM,, PM, SO, NO, 0,

IR-TB 90 0.05 0.10 0.23 0.78 0.01
180 0.27 0.26 0.32 0.74 0.30

270 0.29 0.19 0.30 0.42 0.09

360 0.21 0.25 0.24 0.68 0.04

MDR-TB

90 0.09 0.06 0.16 0.60 0.03

180 0.09 0.05 0.19 0.39 0.05

270 0.05 0.10 0.14 0.38 0.12

360 0.15 0.15 0.20 0.66 0.04

22 G YR 5 2 B8 X DR-TB i KU i 44
RN S5 R BoR  7E 180 d ZAFE T HHI, 23 K05
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H SR AR AR A A 5 5 AL 8 8 7 1 B s R T
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