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Background: Chronic obstructive pulmonary disease (COPD) is one of the leading causes of mortality
worldwide, and therefore the identification of the modifiable risk factors [such as exposure to vapors, gases,
dust and fumes (VGDF)] for accelerate disease progression has important significance.

Methods: We conducted COPD surveillance in six cities of southern China between 2014 and 2019. We
recorded the diagnosis of chronic bronchitis, respiratory symptoms, occupational exposure to VGDF and
other covariates by using a structured questionnaire. Logistic regression and multivariate linear regression
model were adopted for analysis. We performed sensitivity analyses based on two methods of propensity
score (PS) methods to evaluate the robustness of our results.

Results: A total of 7,418 participants were included. Cough [odds ratios (ORs): 1.60, 95% confidence
interval (CI): 1.22 to 2.08] and phlegm (OR: 1.49, 95% CI: 1.19 to 1.85) correlated significantly with
exposure to dust. There was an increased risk of cough (OR: 1.53, 95% CI: 1.11 to 2.07) for occupational
exposure to gas/vapor/fume. Dual exposure to dust and gas/vapor/fume was associated with a significantly
increased risk of chronic bronchitis (OR: 1.74, 95% CI: 1.20 to 2.52), cough (OR: 1.43, 95% CI: 1.15 to
1.79) and phlegm (OR: 1.49, 95% CI: 1.24 to 1.79). In 5,249 participants with complete data of spirometry,
gas/vapor/fume was associated with a decreased ratio of forced expiratory volume in one second and forced
vital capacity (FEV,/FVC) (B: -1.05, 95% CI: -1.85 to -0.26) and maximal mid-expiratory flow (MMEF) (B:
-0.15, 95% CI: -0.23 to -0.07). Dual exposure to dust and gas/vapor/fume was significantly associated with
decreased FEV,/EVC (B: -0.74, 95% CI: -1.28 to ~0.20) and MMEF (B: -0.06, 95% CI: -0.12 to ~0.01).
Results of sensitivity analysis were not materially changed.

Conclusions: VGDF exposure is associated with chronic bronchitis, respiratory symptoms and decreased
lung function, suggesting that VGDF contributes to the pathogenesis and progression of COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is
one of the leading causes of mortality and morbidity
worldwide (1,2), and is characterized by incompletely
reversible airflow limitation (3). Chronic bronchitis,
defined as cough and sputum production lasting for
at least 3 months in 2 consecutive years, is the core
manifestation of COPD (4). Chronic bronchitis has
been associated with more frequent exacerbations and
more rapid lung function decline (5-7). Identification of
the modifiable risk factors [such as vapors, gases, dust and
fumes (VGDF)] for the early or excessive lung function
decline and the development of chronic bronchitis has
important significance (8). Several studies have analyzed the
association between occupational exposures to VGDF and
chronic bronchitis and the relevant respiratory symptoms
based on the studies conducted in Europe [European
Community Respiratory Health Survey (ECRHS)],
Australia and Singapore (8-11). However, these studies have
revealed inconsistent results. For instance, Sunyer et 4/. (9)
reported an association between occupational exposures to
dust with chronic phlegm but not with chronic bronchitis,
while Lytras er . (10) and LeVan et al. (11) reported a
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positive association between mineral dust exposure and
chronic bronchitis.

As the main source of occupational exposure, the impact
of VGDF exposure on lung function has been increasingly
recognized (12-14). Findings on the association between
VGDF exposure and lung function decline have been
conflicting, with some studies reporting a positive
association (12-15) but others not (9,16). To date, none of
the published studies has been conducted in developing
countries such as China. Further studies are warranted to
provide the evidence confirming the association between
occupational exposure to VGDF and lung function
changes.

Previous studies regarding the association between
occupational exposure with chronic bronchitis, respiratory
symptoms and lung function were mainly conducted in
industrial groups with high levels of exposures (17,18). This
might render these studies to have suffered from the healthy
worker effect and selection bias (the affected workers
would have to leave from the highly exposed jobs), which
could have collectively resulted in an underestimation of
the true risk (19,20). Community-based studies recruiting
participants from the general population can help minimize
the bias mentioned above. However, nearly all these studies
have been conducted in Western countries. In addition,
occupational exposure to VGDF may frequently co-exist in
real-world scenarios. However, few studies have evaluated
the association between dual exposure (dust plus gas/vapor/
fumes) and respiratory symptoms and lung function in
developing countries, including China (21).

We hypothesized that occupational exposure to VGDF
would contribute to decreased lung function and the
incidence of chronic bronchitis. Here, we sought to explore
the effects of VGDF exposures on lung function and
chronic bronchitis in middle-aged adults and the elderly
in southern China. Our findings might provide further
scientific evidence regarding the adverse effects of the more
broadly defined occupational exposure to VGDF in the
general population. We present this article in accordance
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-23-646/rc).
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Methods
Study design and participants

Between 2014 and 2019, we adopted a multistage,
probability-based sampling strategy for COPD surveillance
in six districts or counties of Guangdong province (22).
Briefly, residents aged >40 years living in the current
surveillance point for at least 6 months were eligible for
participation. Residents with cognitive defects, language or
mental disorders, cancer, paraplegia, or were pregnant or
breastfeeding were excluded. Data were collected during a
consultation in a healthcare facility by trained staff from the
local health stations or community clinics. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). The study protocol was approved by the
ethics review committee of the National Center for Chronic
and Non-Communicable Disease Control and Prevention,
China Center for Disease Control and Prevention in 2014
(approval No. 201410) and the ethics review committee of
the Guangdong Provincial Center for Disease Control and
Prevention in 2019 (approval No. 201901). All participants
had provided written informed consent. In our study, a total
of 7,418 and 5,249 participants were included for analyzing
the effects of occupation exposure to VGDF on chronic
bronchitis and lung function, respectively (Figure S1).

Clinical assessments

Trained staffs conducted pre- and post-bronchodilator
spirometry among all eligible participants by using
commercial spirometers (MasterScreen Pneumo, Jaeger,
Germany), in accordance with the international guidelines
(3,23). We obtained at least three technically acceptable
and repeatable maneuvers for each participant. The highest
values of forced expiratory volume in one second (FEV)),
forced vital capacity (FVC), and maximal mid-expiratory
flow (MMEF) were selected. The absolute values of lung
function parameters, measured with post-bronchodilator
spirometry, were adopted in subsequent analysis.

The records of respiratory symptoms, including chronic
cough and phlegm, were derived from the standardized
questionnaire based on the Epidemiologic Standardization
Project Questionnaire of the American Thoracic Society
(ATS-DLD-78-A) (24). Persistent cough denoted coughing
on most days (>4 days per week) for at least three months
each year in the absence or presence of cold (participants
responding ‘yes’ to several items on coughing). Persistent
phlegm denoted sputum production on most days (>4 days
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per week) for at least three months each year in the absence
or presence of cold (participants responding ‘yes’ to this
question item). Respondents also reported the frequency
of respiratory symptoms. Chronic bronchitis was defined
as coughing up phlegm for at least three months in two
consecutive years (25).

Expos ure assessment

A standardized questionnaire was used to ascertain
occupational exposure to VGDF. Participants were
requested to answer to the occupational information
including the job title, industry, and the duration of
occupation which were associated with occupational
exposure to VGDE. Participants with exposure to any item
of VGDF for more than 1 year over their lifetime were
considered as occupationally exposed. All participants were
divided into four groups: exposure to dust only, exposure to
gas/vapor/fume only, dual exposure to dust and, gas/vapor/
fume, and non-occupational exposure.

Covariates

We captured the following covariates from the
questionnaire survey: age, sex (male, female), education
level (none + primary school education/middle school
education or higher), marriage status (married/unmarried),
region of residence (urban/rural), body mass index (BMI)
(underweight/normal/overweight/obese), smoking status
(no/yes) and biomass fuel (no/yes). The type and definition
of the exposure and covariates are shown in Table S1.

Statistical analysis

We analyzed the fundamental characteristics of participants
in the exposure groups of dust, gas/vapor/fumes and VGDE.
Continuous variables were demonstrated with the mean and
standard deviation, and categorical variables with counts
and frequencies. The 7-tests were employed to analyze the
association of continuous variables, and when indicated,
transformation was applied. Contingency tables and chi-
squared tests were applied for categorical variables. The
odds ratios (ORs) and 95% confidence intervals (95% Cls)
were calculated for the association between occupational
exposure to VGDF and chronic bronchitis and individual
respiratory symptoms (cough and phlegm) by performing
univariate and multivariate logistic regression. Multivariate
linear regression model was adopted to calculate the
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changes of FEV,, FVC, FEV/FVC and MMEF in two
groups with different occupational exposure status. The
magnitude of collinearity was assessed based on the variance
inflation factor (VIF). The VIF of 5 or greater indicated
collinearity among the variables. Variables with the evidence
of a significant collinearity were excluded from the model.
We performed three regression models by adjusting for
different variables as follow:

% Model 1: occupational exposure to dust, gas/vapor/

fume or dust/gas/vapor/fume;

% Model 2: Model 1 further adjusted with the age, sex,

education level, marriage status, region of residence;

% Model 3: Model 2 further adjusted with the BMI,

height, smoking status and biomass fuel.

Results were deemed materially changed when there was a
transition (e.g., from significant to no significance, or the vice
versa) in the direction of associations of Model 1 to Model 3.

Because of the notable differences in occupational
category and intensities between males and females in the
same occupationally exposed industry, we performed an
analysis stratified by sex to examine the differential effect of
occupational exposure of VGDF on lung function. When
statistically significant effect was observed, a likelihood test
was further performed.

We further conducted sensitivity analyses based on two
methods of propensity score (PS) methods to evaluate the
robustness of our results: (I) inverse probability weighting;
(II) including the PS as an additional covariate. Age, sex,
height, education level, marriage status, region of residence,
BMI, height, smoking status and biomass fuel were adopted
to calculate the PS. In all analyses, non-occupationally
exposure groups were treated as the reference.

All statistical analyses were performed with SAS software
9.4 (SAS Institute, Inc., Cary, NC, USA). The threshold for
statistical significance was set to P<0.05.

Results
Baseline characteristics of the study participants

The baseline characteristics of the study population are
summarized in Table 1. The proportion of males, younger
participants, smokers and participants with normal BMI
status was consistently higher among those working with
exposure to dust. In addition, participants exposed to dust
had a higher frequency of cough, phlegm, and had slightly
higher FEV,, FVC and MMEF (P<0.05). Participants with

occupational exposure to gas/vapor/fume were mainly
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young people living in rural areas and who have mostly
received primary school education or lower. Exposure to
gas vapor and fumes was associated with cough, and lower
FEV/FVC and MMEF (P<0.05). Participants with VGDF
exposures were more likely to be males, living in rural areas
and smoking. Apart from having a lower level of education,
these participants had a normal BMI status and a higher
frequency of cough and phlegm, with higher FVC and
lower FEV,/FVC and MMEF (all P<0.05).

Association between VGDEF and respiratory symptoms

Occupational exposure to dust was associated with an
increased risk of cough (OR: 1.60, 95% CI: 1.22 to 2.08,
P=0.001 in Model 3) and phlegm (OR: 1.49, 95% CI: 1.19
to 1.85, P<0.001 in Model 3). We only noted significantly
increased risk of cough (OR: 1.53, 95% CI: 1.11 to
2.07, P=0.008 in Model 3) but no other symptoms for
occupational exposure to gas/vapor/fume group. Notably,
dual occupational exposure to dust and gas/vapor/fume
was associated with significantly increased risk of chronic
bronchitis. Results were shown in Figure I and Table S2.

Similar associations between VGDF exposure and
chronic bronchitis and respiratory symptoms have been
observed in males. However, the impact of VGDF
exposures on chronic bronchitis and respiratory syndromes
was not significant in females. After adjusting for important
covariates, exposure to dust was associated only with
phlegm, while VGDF exposure was associated with both
cough and phlegm in females. Detailed results are shown in
‘Table S3. Likelihood test showed that the gender differences
in the effects of dust exposure on phlegm, VGDF exposure
on both cough and phlegm were not statistically significant
(both P>0.05).

Association between VGDF and lung function

We did not identify significant associations between
occupational dust exposure and decreased lung function
(Figure 2, 'Table S4). The association was not present in
both males and females (Table S5). Compared with the
reference group, the mean FEV /FVC was -1.05 (95%
CIL: -1.85, -0.26, P=0.01 in Model 3), MMEF was -0.15
L/min (95% CI: -0.23, -0.07, P<0.001 in Model 3) in
participants with occupational exposure to gas/vapor/fume
(Figure 2, Table S4). The mean MMEF was 0.13 L/min
lower in males (Table S5), while the corresponding mean

FEV,/FVC and MMEF was 1.34 and 0.17 L/min lower
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Table 1 Characteristics of the study population, as a function of household exposure to dust, gas, vapor and fumes

Dust Gas, vapor and fumes Dust, gas, vapor and fumes

Characteristics
No (N=4,219) Yes (N=912) P No (N=4,219) Yes (N=638) P No (N=4,219) Yes (N=1,649) P

SDI
Sex, n (%) <0.001 0.80 <0.001
Male 2,019 (47.85) 533 (58.44) 2,019 (47.85) 309 (48.43) 2,019 (47.85) 939 (56.94)
Female 2,200 (52.15) 379 (41.56) 2,200 (52.15) 329 (51.57) 2,200 (52.15) 710 (43.06)

Age (years), mean (SD) 57.83 (9.74) 55.23 (8.38) <0.001 57.83 (9.74) 56.84 (8.24) 0.01  57.83(9.74) 57.32(8.81)  0.05

Educational level, n (%) 0.20 <0.001 <0.001
None + primary 2,332 (55.27) 482 (52.85) 2,332 (55.27) 406 (63.64) 2,332 (55.27) 1,046 (63.43)
school education
Middle school 1,887 (44.73) 430 (47.15) 1,887 (44.73) 232 (36.36) 1,887 (44.73) 603 (36.57)
education or higher
Marriage status, <0.001 0.06 <0.001
n (%)
Married 3,796 (89.97) 853 (93.53) 3,796 (89.97) 589 (92.32) 3,796 (89.97) 1,526 (92.54)
Unmarried 423 (10.03) 59 (6.47) 423 (10.03) 49 (7.68) 423 (10.03) 123 (7.46)
Region of residence, n 0.30 <0.001 <0.001
(%)
Urban 1,729 (40.98) 392 (42.98) 1,729 (40.98) 143 (22.41) 1,729 (40.98) 490 (29.71)
Rural 2,490 (59.02) 520 (57.02) 2,490 (59.02) 495 (77.59) 2,490 (59.02) 1,159 (70.29)
Biomass fuel, n (%)* 0.30 <0.001 <0.001
No 2,678 (66.75) 569 (65.03) 2,678 (66.75) 307 (49.44) 2,678 (66.75) 697 (43.24)
Yes 1,334 (33.25) 306 (34.97) 1,334 (33.25) 314 (50.56) 1,334 (33.25) 915 (56.76)
Smoking, n (%)* <0.001 >0.9 <0.001
No 2,545 (60.49) 451 (49.45) 2,545 (60.49) 384 (60.28) 2,545 (60.49) 819 (49.73)
Yes 1,662 (39.51) 461 (50.55) 1,662 (39.51) 253 (39.72) 1,662 (39.51) 828 (50.27)

Symptoms, n (%)

Chronic bronchitis 0.40 0.90 <0.001
No 4,143 (98.20) 892 (97.81) 4,143 (98.20) 626 (98.12) 4,143 (98.20) 1,591 (96.48)
Yes 76 (1.80) 20 (2.19) 76 (1.80) 12 (1.88) 76 (1.80) 58 (3.52)

Cough <0.001 0.005 <0.001
No 3,950 (93.62) 822 (90.13) 3,950 (93.62) 578 (90.60) 3,950 (93.62) 1,483 (89.93)
Yes 269 (6.38) 90 (9.87) 269 (6.38) 60 (9.40) 269 (6.38) 166 (10.07)

Phlegm <0.001 0.20 <0.001
No 3,792 (89.88) 774 (84.87) 3,792 (89.88) 562 (88.09) 3,792 (89.88) 1,396 (84.66)
Yes 427 (10.12) 138 (15.13) 427 (10.12) 76 (11.91) 427 (10.12) 253 (15.34)

Table 1 (continued)
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Dust
Characteristics

Gas, vapor and fumes

Dust, gas, vapor and fumes

No (N=4,219) Yes (N=912) P

No (N=4,219) Yes (N=638) P

No (N=4,219) Yes (N=1,649) P

Anthropometry

BMI (kg/m?), mean (SD) 24.04 (3.92) 23.73(3.37) 0.001 24.04 (3.92) 23.80(3.42) 0.11 24.04 (3.92) 23.60(3.38) <0.001

BMI category, n (%) 0.003 0.40 <0.001
Under weight 276 (6.54) 34 (3.73) 276 (6.54) 35 (5.49) 276 (6.54) 83 (5.03)
Normal 1,975 (46.81) 462 (50.66) 1,975 (46.81) 318 (49.84) 1,975 (46.81) 888 (53.85)
Over weight 1,476 (34.98) 300 (32.89) 1,476 (34.98) 219 (34.33) 1,476 (34.98) 517 (31.35)
Obesity 492 (11.66) 116 (12.72) 492 (11.66) 66 (10.34) 492 (11.66) 161 (9.76)

Before bronchodilator use, mean (SD)
FEV,, L 2.27 (0.60) 2.43(0.57) <0.001 2.27(0.60) 2.25(0.54) 0.50 2.27 (0.60) 2.29 (0.59) 0.30
FVC, L 2.92(0.74) 3.13(0.68) <0.001 2.92(0.74) 2.96(0.67) 0.30 2.92 (0.74) 3.01(0.72)  <0.001
FEV./FVC 77.73(8.63) 77.66(7.94) 0.80 77.73(8.63) 76.27 (8.36) <0.001 77.73(8.63) 76.12(8.67) <0.001
MMEF, L/min 2.04 (0.90) 2.16(0.89) 0.001 2.04(0.90) 1.90(0.83) 0.002 2.04 (0.90) 1.95(0.87)  0.005

After bronchodilator use, mean (SD)
FEV,, L 2.32(0.60) 2.48(0.56) <0.001 2.32(0.60) 2.30(0.53) 0.40 2.32 (0.60) 2.35(0.59) 0.20
FVC, L 2.93(0.73) 3.13(0.67) <0.001 2.93(0.73) 2.96(0.66) 0.40 2.93 (0.73) 3.02 (0.72)  <0.001
FEV,/FVC 79.53 (8.74) 79.46 (7.93) 0.80 79.53(8.74) 78.17(8.51) 0.002 79.53(8.74) 78.01(8.78) <0.001
MMEF, L/min 2.26(0.96) 2.38(0.93) 0.002 2.26(0.96) 2.10(0.89) <0.001 2.26 (0.96) 217 (0.92)  0.005

*, the variable had missing values. SDI, social demographic indices; SD, standard deviation; BMI, body mass index; FEV,, forced
expiratory volume in one second; FVC, forced vital capacity; FEV,/FVC, forced expiratory volume in one second/forced vital capacity;

MMEF, maximal mid-expiratory flow.

in females with occupational exposure to gas/vapor/fume
(Table S5). The mean FVC was 0.04 L higher (95% CI:
0.01, 0.07, P=0.004 in Model 3), the FEV,/FVC was -0.74
(95% CI: -1.28, -0.20, P=0.01 in Model 3) and the mean
MMEF was -0.06 L/min (95% CI: -0.12, -0.01, P=0.03 in
Model 3) in participants with dual occupational exposure
when compared with those without exposure to VGDF
(Figure 2, Table S4). The mean FVC was 0.06 L higher in
males (Table S5), while the corresponding mean FEV,/FVC
and MMEF was 0.95 and 0.09 L/min lower in females with
dual occupational exposure (Table S5). Likelihood test showed
that the gender differences in the effects of gas/vapor/fume
exposure on MMEF were not statistically significant.

Sensitivity analysis

Sensitivity analysis showed that the results were not
substantially changed. In the analyses which had included the

© Journal of Thoracic Disease. All rights reserved.

PS score as an additional covariate, and in the analysis that
had included the inverse probability weighting, participants
exposed to dust were consistently more likely to suffer from
cough and phlegm than those who did not have VGDF
exposures. Occupational exposure to gas/vapor/fume was
also associated with phlegm based on the sensitivity analysis.
Participants with dual occupational exposure were more likely
to develop chronic bronchitis and respiratory symptoms than
those exposed to neither dust nor gas/vapor/fume. Results
were shown in Figure I and Table S6. The mean FEV,/FVC
and MMEF were lower in participants with occupational
exposure to gas/vapor/fume and VGDF compared with those
without occupational exposure (Figure 2, Table S7).

Discussion

This cross-sectional study has provided solid population-
based evidence supporting the fact that simultaneous

7 Thorac Dis 2024;16(1):356-367 | https://dx.doi.org/10.21037/jtd-23-646


https://cdn.amegroups.cn/static/public/JTD-23-646-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-23-646-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-23-646-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-23-646-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-23-646-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-23-646-Supplementary.pdf

362 Zheng et al. Occupation exposure and adverse respiratory hazards
A Chronic bronchitis Chronic cough Phlegm
2.5 2.5+ 2.5 1
2.0 A 2.0 2.0
(&) o o
x 1.5 e 1.5+ 1.5 1
[Te) [Te] Yo}
07'1 0 031 0 c”'1 0
o o1 o 1
g 1 1 | g 5
0.5 0.5+ 0.5 +
0.0 - 0.0 0.0 A
T T T T T T T T T
Model 3 PS1 PS2 Model 3 PS1 PS2 Model 3 PS1 PS2
B Chronic bronchitis Chronic cough Phlegm
3 2.5 2.0
B B 2.0+ 151
o 24 o (@)
x N 1.5+ ®
8 8 &§10 T 1 T
o 1.0 o
o 1 l (o) o
! ! . 0s
0 0.0 0.0 A
T T T T T T T T T
Model 3 PS1 PS2 Model 3 PS1 PS2 Model 3 PS1 PS2
C Chronic bronchitis Chronic cough Phlegm
3 2.5 2.0
_ _ 209 _ 1.5 - { { }
O 24 &) O
X X 1.5 { { X
o 8 ©1.0
u:' 10 <
c 1 o S s
0.5 '
0 0.0 0.0 1
T T T T T T T T T
Model 3 PS1 PS2 Model 3 PS1 PS2 Model 3 PS1 PS2

Figure 1 Effect estimates of exposure to VGDF on chronic bronchitis and the respiratory symptoms. (A) Effect estimates of exposure to

dust on chronic bronchitis and the respiratory symptoms; (B) effect estimates of exposure to gas/vapor/fume on chronic bronchitis and

respiratory symptoms; (C) effect estimates of dual exposure to dust and gas/vapor/fume on chronic bronchitis and respiratory symptoms.

Model 3: adjusted with the age, sex, education level, marriage status, region of residence, body-mass index, smoking status and biomass

fuel; PS1: including the PS score as an additional covariate; PS2: inverse probability weighting. OR, odds ratio; CI, confidence interval; PS,

propensity score; VGDE, vapors, gases, dust and fumes.

occupational exposure to VGDF was associated with
increased risk of chronic bronchitis. We found an increased
risk of the salient respiratory symptoms, including cough
and/or phlegm among participants with three occupational
exposure groups of dust only, gas/vapor/fume only and
VGDE. Furthermore, occupational exposure to gas/vapor/
fume or VGDF was associated with lower lung function.

A number of population-based studies have reported
the association between dust exposure and symptoms
related to chronic bronchitis (26). However, few studies

© Journal of Thoracic Disease. All rights reserved.

have evaluated the association between chronic bronchitis
and gas, vapor and fume, particularly dual exposure of dust
and gas/vapor/fume. Our study has added substantially
to the of evidence pertaining to the association between
occupational exposure to VGDF and chronic bronchitis.
Similar to the finding of an earlier analysis in the cohort of
ECRHS, there was no statistically significant association
between occupational exposures to mineral dust and chronic
bronchitis in young adults (9). However, the latest cohort
study of ECRHS showed an increased risk of chronic
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Figure 2 Effects of exposure to VGDF on lung function. (A) Effects of exposure to dust on lung function; (B) effects of exposure to gas/

vapor/fume on lung function; (C) effects of dual exposure to dust and gas/vapor/fume on lung function. Model 3: adjusted with the age, sex,

height, education level, marriage status, region of residence, body-mass index, smoking status and biomass fuel; PS1: including the PS score

as an additional covariate; PS2: inverse probability weighting. CI, confidence interval; FVC, forced vital capacity; FEV), forced expiratory

volume in one second; MMEEF, predicted value for maximal mid-expiratory flow; PS, propensity score; VGDE, vapors, gases, dust and fumes.

bronchitis associated with mineral dust exposure (10). A
positive association between the exposure to gas/vapor/
fume and chronic bronchitis was not demonstrated in the
latest cohort study of ECRHS (10), which was similar to the
findings of our study. These indicated that social economic
status including age (27), life exposure, residential area
and education level might have collectively explained for
the inconsistent findings across the studies. After adjusting
for the age, sex, height, education level, marriage status,
region of residence, BMI, smoking status and biomass
fuel by using the PS algorithm, results of the occupational
effects of dust or gas/vapor/fume did not change materially,
rendering our results robust. A key research question of our
study was whether the adverse effects of dual occupational
exposure to dust and gas/vapor/fume would be synergistic.
Indeed, based on the cross-sectional survey in Guangdong
province, we have noted a higher risk of chronic bronchitis
in participants with dual occupational exposure to VGDF
when compared with those exposed to dust or gas/vapor/
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fume alone. The mechanisms pertaining to the effect of
occupational exposure to VGDF on chronic bronchitis are
less clear. VGDF are a heterogeneous category of exposures,
which have been linked to various forms of pulmonary
toxicity (28-30), for instance, the significant association
between vanadium exposure and chronic bronchitis have
been reported (28,30).

In this study, we have evaluated the association between
occupational exposures and chronic bronchitis symptoms
of cough and phlegm separately, which were less specific to
chronic bronchitis. Although some studies have documented
that the VGDF inhalation exposure did not lead to the
development of chronic cough (26,31) or chronic phlegm (31),
we have now identified the associations between VGDF and
multiple respiratory symptoms including cough and phlegm,
which mirrored the previous findings. A cohort study has
demonstrated that occupational exposure to VGDF resulted
in the respiratory symptoms related to bronchitis (32,33).
Another population-based study has demonstrated an

7 Thorac Dis 2024;16(1):356-367 | https://dx.doi.org/10.21037/jtd-23-646



364

association between occupational exposure to VGDF and
chronic cough and phlegm (34). Moreover, the effects of
VGDF exposures on cough, phlegm and bronchitis varied
considerably between males and females. Further study is
warranted to confirm the differential association between
males and females.

Previous studies have provided some evidence for an
association between VGDF exposure and lower levels of
lung function, but the findings remained contradictory.
Several cross-sectional studies (35-37) and a longitudinal
study (38) did not suggest an association between exposure
to VGDF and accelerated lung function decline. A five-year
follow-up study reported that fume exposure was associated
with significantly decreased FEV, among individuals with
early-stage COPD (12). These studies were conducted
solely based on the young adults, patients with a known
diagnosis of COPD, a single industry or occupational
category, or lung function parameters reflecting large
airway disorders (decreased FEV,). By contrast, our study
sought to address different questions. For instance, we
were more concerned whether the occupational exposure
to VGDF would affect the lung function in the general
population. Second, we probed into the hypothesis whether
the adverse effects of dual occupational exposure to dust
and gas/vapor/fume on lung function would be synergistic.
Third, we added MMEF as one of the important indices of
lung function, which has been adopted as the key parameter
to indicate small airway obstruction in the large population-
based studies (39,40). From the standpoint of the study
design, our study has included the older general population
from the community. These findings highlighted the role
of VGDF exposure in small airway obstruction (partly
evidenced by the decreased MMEF), resulting in the
progression of chronic airway obstructive diseases such as
COPD (41). Our study was not designed to specifically
address the plausible mechanisms how VGDF exposure
could dampen the lung function. We speculated different
mechanisms leading to airflow limitation related to different
kinds of VGDE, depending on the biochemical pathways as
well as the vapor and aerosol droplet size.

This study has certain limitations. First, the prevalence
of chronic bronchitis in females (0.77%) was relatively
lower than in males (3.63%), therefore the Cls of effect
estimates for VGDF and chronic bronchitis were wide
in females. Future study which recruits more women and
more comprehensively assess the effect modification by
gender is needed. Second, the magnitude of association
might have been biased by the self-reported exposure,
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respiratory symptoms and symptoms without frequencies.
Third, owing to the small number of participants reporting
chronic bronchitis and the relevant respiratory symptoms,
we did not conduct further subgroup analyses based on the
duration of exposure. Although MMEF is not an optimal
small airway parameter, it remains the most widely used
parameter derived from spirometry and could indicate
small airway obstruction in most large-scale population-
based studies (39,40). However, the objective assessment of
occupational exposure and the development of job exposure
matrix are neither practical nor feasible in such a larger scale
study like ours. Although we have observed associations
between occupational exposure to gas/vapor/fume or VGDF
and the decreased FEV /FVC, the clinical significance should
also be considered. Despite the aforementioned limitations,
our study findings remained mostly robust because the
estimated odds of chronic bronchitis have taken into account
five stepwise models and has been subject to sensitivity
analysis that included two methods of PS to determine the
validity. The association of all models were not modified
materially compared with the overall analysis.

Conclusions

We have now provided the evidence regarding the
association of occupational exposure to VGDF and chronic
bronchitis and the individual respiratory symptoms.
Occupational exposure to VGDF is associated with a trend
of decreased lung function in the general population.
These findings highlight the role of VGDF in driving the
pathogenesis and clinical presentation of COPD. Avoidance
of these exposures is highly relevant for occupational
prevention or control among the general population.
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