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Abstract To investigate the dose-response relationship between cumulative dust exposure
(CDE) and cumulative abnormal rate of pulmonary function in coal mixture workers. Three
hundred and twenty eight coal mixture workers (exposed group) and 169 nondust-exposed
workers (control group) were recruited. Basic information data were collected and pulmonary
function tests were performed. Pulmonary function was compared between the two groups af-
ter comparing smoking behaviors. Pulmonary function indices [forced vital capacity in 1 second
after full inspiration (FVC)%, forced expiratory volume (FEV)1%, and FEV1/FVC%] were
compared among groups stratified by service length (exposure duration). The relationship be-
tween CDE dose and cumulative abnormal rate of pulmonary function in coal mixture workers
was analyzed. Abnormal rate of pulmonary function in the exposed group (35.1%) was signifi-
cantly higher than the control group (10.1%; p < 0.001); FVC%, FEV1%, and FEV1/FVC% in the
exposed group decreased significantly compared with the control group (all p < 0.05). Differ-
ences in FVC%, FEV1%, and FEV1/FVC% among coal mixture workers stratified by exposure
duration in the exposed group were statistically significant (all p < 0.05). The discernible in-
crease in the cumulative abnormal rate was observed, from � 1000 mg/m3$years group to �
1700 mg/m3$years group. Correlation analysis revealed a positive correlation between the
CDE dose and the cumulative abnormal rate of pulmonary function. Higher abnormal
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pulmonary function rate was found among coal mixture workers, characterized by decreased
pulmonary function indices. Our results suggested a positive relationship between CDE dose
and cumulative abnormal pulmonary function rate, and a rapid increase in cumulative
abnormal rate within a certain range of CDE dose. A lower limit value of 1000 mg/m3$years
has reference significance.
Copyright ª 2015, Kaohsiung Medical University. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Introduction

Cumulatively exposed to respirable coal mine dust, coal
miners are at risk of developing chronic occupational lung
diseases and suffer from irreversible lung damage,
including coal workers’ pneumoconiosis (CWP), progressive
massive fibrosis, and chronic obstructive pulmonary dis-
ease (COPD) [1,2]. Previous studies have well documented
the association between long-term exposure to coal mine
dust and mortality, even after adjustment for smoking
[3,4]. Further, the association of emphysema and COPD
with coal dust exposure has been reported, and increased
cumulative dust exposure (CDE) may also increase the
death rate of these diseases [1,5]. With enforcement of
occupational exposure limits for coal mine dust, declined
CWP prevalence from 11.2% to 2.0% is found among un-
derground coal miners [6,7]. However, miners working
entirely according to the contemporary standard still
continue to develop lung diseases, implying that further
restrictions and regulations in occupational dust exposure
are needed [6,8].

In 2013, a total of 23,152 occupational disease cases in
China were reported, among which coal mining activities
accounted for > 50% of them [9]. Occupational dust and
gas/fume exposure is associated with the increased
prevalence of COPD in the Chinese population, indepen-
dent of smoking, sharing a similar attributable fraction in
Western populations [10]. Pulmonary ventilation function
serves to evaluate the damaged pulmonary function and
compensatory function in early stage of CWP patients who
exhibit impaired pulmonary ventilation and diffusion
function [11]. Forced expiratory volume in 1 second after
full inspiration (FEV1) and FEV1/forced vital capacity
(FVC) are widely used in pulmonary function examination
[12,13]. Generally, an accelerated decline in FEV1 over
time may result in COPD; while low FEV1 in early adult-
hood has been suggested to play important roles in
causing COPD [14,15]. Pulmonary function tests (FVC,
FEV1, and FEV1/FVC) have important implications for the
labor ability appraisal of CWP patients. However, regula-
tions for limiting coal mine dust exposure, and efforts to
reduce the prevalence and severity of lung diseases still
need to be further evaluated [1,6]. Therefore, the current
study was performed to examine the relationship between
CDE and cumulative abnormal rate of pulmonary function,
and to propose a lower limit value for CDE in coal miners
in China.
Methods

Study participants

A total of 328 coal mixture workers (exposed group) were
recruited from a coal mine in Tangshan, and 169 nondust-
exposed workers (control group) were selected from an
instrument, electrical, and mechanical factory in the same
area. Participants in the exposed group were enrolled if
they met the following inclusion criteria: (1) dust-exposed
time > 1 year; (2) dust-exposed length of service in the coal
mine accounted for more than half of one’s dust exposure
career; (3) complete physical examination results within
2 years; and (4) clear and complete records of occupational
history. All enrolled individuals were men. The mean age of
the 328 coal mixture workers was 46.8 � 9.5 years (range,
21e60 years) and the mean body weight was 58.7 � 11.3 kg
(range, 42e86 kg). The mean age of the nondust-exposed
workers was 46.5 � 7.8 years (range, 21e59 years) and the
mean body weight was 58.1 � 8.5 kg (range, 43e85 kg).
There were no significant differences in age or body weight
between the exposed group and the control group (all
p > 0.05). The study was approved by the Ethics Committee
of our university. All participants provided written,
informed consents. Study protocols followed the ethical
principles for medical research involving human partici-
pants of the Helsinki Declaration [16].
Data collection

Information on baseline characteristics were collected
using questionnaires including the following contents: (1)
dust exposure history and demographic characteristics
(date of birth, sex, initial working time, occupational his-
tory, current occupation, retirement age, etc.); and (2)
pulmonary disease history (time of initial diagnosis, grades,
complications, onset time of complications, etc.). Occu-
pational data of all the participants were mainly extracted
from the Capital and Labor Staff Database, and supple-
mented by Occupational Health Examination Records. Any
contradictories or difficulties in obtaining complete infor-
mation were solved by face-to-face interviews with
employed workers or telephone interviews with retired
workers. The pulmonary function data were obtained by a
periodic check in the Occupational Disease Prevention and
Treatment Institute of the coal miner, and supplemented
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by the Capital and Labor Staff Database. Dust exposure
data were collected based on the files in the Dust Detection
Department of the coal mine ventilation area and supple-
mented by the Occupational Health Inspection and Man-
agement Department.

Pulmonary function tests were performed with a AS.507
spirometer for each individual (Minato AS-507; Minato
Medical Science Co. Ltd., Osaka, Japan). FVC%, percentage
of FEVl%, and FEVl/FVC ratio (FEVl/FVC%) were employed
as pulmonary function indices. FVC% and FEVl% refer to
percentages of absolute/predicted FEV1 and FVC values,
respectively; and were estimated according to the in-
dividuals’ age, height, and weight.

Evaluation criteria

Smoking: smoking index Z the number of cigarettes
smoked per day � smoking years, then smoking was defined
as smoking index � 20, and nonsmoking was < 20 [17].

Abnormal pulmonary function: based on “Chinese pro-
fessional medicine”, FVC < 80% and FEV1/FVC > 70% was
defined as restrictive pulmonary dysfunction; FVC > 80%
and FEV1/FVC < 70% was defined as obstructive pulmonary
dysfunction; and FVC < 80% and FEV1/FVC < 70% was
defined as mixed type pulmonary dysfunction. Participants
underwent a physical examination and having one of these
conditions was considered as experiencing abnormal lung
function.

Dust-exposed service length: a dust-exposed length of
service was counted in years from the 1st year of dust
exposure, in which participants had no occupational
changes. Dust-exposed lengths of service were classified
into four groups: < 10 years, 10e19 years, 20e29 years, and
� 30 years group [18].

CDE dose [mg/(m3$years)] was calculated as accumu-
lated value of

P
Ci � Ti (Ci, time-weighted average con-

centration in each year; Ti, dust exposure year).
Cumulative abnormal pulmonary function

rate Z 1 � cumulative normal rate; cumulative normal
rateZ (1 � abnormal rate in the present
stage) � (1 � abnormal rate in the upper stage); abnormal
rate Z morbidity/adjusted population; adjusted pop-
ulationZ (population of the beginning of the
Table 1 Comparisons in smoking rate, pulmonary function, and
the control group.

Group Exposed group (n Z 328)

Smoking distribution
Nonsmoking 152 (46.3)
Smoking 176 (53.7)

Pulmonary function
Normal 213 (64.9)
Abnormal 115 (35.1)

Pulmonary function indexes
FVC% 78.2 � 6.9
FEV1% 72.5 � 5.4
FEV1/FVC% 86.1 � 6.3

Data are presented as n (%) or mean � standard deviation.
FEV 1 Z forced expiratory volume in 1 second after full inspiration;
periodepopulation of the end of the period)/2. The popu-
lation of the beginning of the period referred to individuals
consistent with the CDE dose, and the population of the end
of the period refereed to individuals consistent with the
range of certain CDE dose.

Statistical analysis

SPSS version 17.0 software (SPSS Inc., Chicago, Il, USA) was
used for statistical analysis. Continuous variables were
presented as means � standard deviation; categorical
variables were presented as frequencies and percentages.
Comparisons between continuous variables were conducted
with t test and F test. The Chi-square test was used for
categorical variables. Correlations were analyzed with
Pearson correlation analysis. A p value < 0.05 was consid-
ered statistically significant.

Results

Comparisons in smoking rate, pulmonary function,
and pulmonary function indices

The similar smoking rate in the exposed group and the
control group was observed (53.7% vs. 50.9%, p > 0.05), but
the abnormal rate of pulmonary function was observed in
the exposed group when compared with the control group
(35.1% vs. 10.1%, p < 0.05). In addition, decreased FVC%,
FEV1%, and FEV1/FVC% were found in the exposed group
compared with the control group (all p < 0.05; Table 1).

Comparisons in pulmonary function indices
stratified by length of service

Compared with the < 10 years group, decreases in FVC%,
FEV1%, and FEV1/FVC% were found in the 10e19 years
group, the 20e29 years group, and the � 30 years group,
respectively (all p < 0.05). Additionally, FVC%, FEV1%, and
FEV1/FVC% decreased obviously in the 20e29 years group
and the � 30 years group compared with the 10e19 years
group (all p < 0.05). Moreover, significant differences in
FVC%, FEV1%, and FEV1/FVC% were observed between the
pulmonary function indices between the exposed group and

Control group (n Z 169) c2/t p

0.344 0.558
83 (49.1)
86 (50.9)

35.743 <0.001
152 (89.9)
17 (10.1)

90.4 � 7.2 4.560 0.045
89.4 � 6.0 5.331 0.037
98.3 � 1.2 4.417 0.046

FVC Z forced vital capacity.



Table 2 Comparisons in pulmonary function indices stratified by length of service in the exposed group.

Length of service (y) FVC% FEV1% FEV1/FVC%

< 10 group (n Z 60) 88.6 � 5.8 85.5 � 6.3 97.2 � 1.0
10e19 group (n Z 112) 81.2 � 4.7a 77.0 � 5.1a 89.9 � 4.2a

20e29 group (n Z 107) 73.5 � 5.9a,b 68.8 � 7.6a,b 82.3 � 6.7a,b

� 30 group (n Z 49) 67.6 � 7.1a,b,c 55.2 � 8.4a,b,c 73.4 � 7.5a,b,c

FEV 1 Z forced expiratory volume in 1 second after full inspiration; FVC Z forced vital capacity.
a Compared with < 10 group, p < 0.05.
b Compared with < 10e19 group, p < 0.05.
c Compared with < 20e29 group, p < 0.05.
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20e29 years group and the � 30 group (all p < 0.05; Table
2).

Comparison of pulmonary function index stratified
by smoking

We stratified individuals in the exposed group by smoking,
and the subgroup analysis showed that FVC%, FEV1%, and
FEV1/FVC% of smokers were significantly lower than those
of nonsmokers (all p < 0.05; Table 3).

The cumulative abnormal rate of pulmonary function
increased with the increase of CDE dose in the exposed
group. The cumulative abnormal rate increased from 0.33%
in the � 100 mg/m3$years group to 98.41% in the �
1700 mg/m3$years group. There was a rapid increase in the
cumulative abnormal rate from � 1000 mg/m3$years group
to � 1700 mg/m3$years group (Table 4, Figure 1). A positive
correlation between the CDE dose and the cumulative
abnormal rate of pulmonary function was observed
(r Z 0.759, p < 0.001).

Discussion

Coal mine and silica dust may lead to impaired pulmonary
function and also lung diseases which remain a relevant
occupational hazard for miners [19,20]. The influence fac-
tors of CWP incidence have been extensively studied by
researchers, and likely contributing factors for increasing
CWP prevalence include mine size and low seam mining
[6,21]. Findings in the present study revealed that
abnormal rate of pulmonary function in the exposed group
(35.1%) was much higher than the control group (10.1%),
suggesting that coal mixture workers are more likely to
have abnormal pulmonary function because of respiratory
system function changes caused by long-term coal dust
Table 3 Comparison of pulmonary function index stratified by

Case FVC%

Smoker 176 74.16 � 4.49
Nonsmoker 152 82.88 � 6.21
t 14.37
p < 0.001

FEV 1 Z forced expiratory volume in 1 second after full inspiration;
exposure [22]. Partially consistent with our findings,
Kuempel et al [23] reported that cumulative exposure to
respirable coal mine dust and cigarette smoking may in-
crease emphysema severity in US coal miners. Respirable
coal dust concentration in working area, CDE, and free
silica content are significant risk factors for pulmonary
function abnormality [1]. In addition, more than a quarter
of 3771 eligible miners had evidence of CWP, abnormal
pulmonary function, or both [24].

The pulmonary function indices (FEV1%, FEV1/FVC%, and
FVC%) in the exposed group were significantly lower than
those in the control group, showing that the pulmonary
function indices of the coal mixture workers had decreased
significantly, and serious pulmonary function damage was
observed. An official report of the American Thoracic So-
ciety documented the relationship between occupational
exposures and an increased risk in chronic cough, lower
FEV1, and a lower FEV1/FVC ratio [25]. In addition, dust
exposure was found to be associated with a routine decline
in FEV1 in workers of Norwegian silicon carbide plants each
year [26]. Compared with healthy miners, pulmonary
function (FVC, FEV1, FEF50, FEF75, and FEF25e75% of
predicted values) declined among miners with CWP, sug-
gesting that changes in pulmonary function parameters are
associated with the development of CWP among coal mine
workers [27]. Pulmonary function indices (FVC%, FEV1%,
and FEV1/FVC%) in the exposed group significantly declined
from the < 10 years group to 10e19 years group,
20e29 years group. and � 30 years group successively,
demonstrating that the pulmonary ventilation function of
dust-exposed workers would decrease with the increasing
service length. The dust-exposed length may be associated
with impaired pulmonary function since long-term exposure
to coal dust can cause the occurrence of lung nodules and
interstitial fibrosis, thereby affecting the function of lung
ventilation and air exchange [4,11]. Correlation analysis
smoking.

FEV1% FEV1/FVC%

69.34 � 3.52 82.41 � 4.11
76.16 � 4.86 90.38 � 5.68
16.35 17.36
< 0.001 < 0.001

FVC Z forced vital capacity.



Table 4 Relationship between cumulative dust exposure dose and cumulative abnormal rate of pulmonary function.

CDE dose
(mg/m3$y)

Beginning of the
period (n)

End of the
period (n)

Pulmonary function
abnormal population (n)

Adjusted
population (n)

Abnormal rate Cumulative abnormal
rate

� 0 328 0 0 328 0.0000 0.0000
� 100 311 17 1 302.5 0.0033 0.0033
� 200 298 13 1 291.5 0.0034 0.0067
� 300 284 14 2 277 0.0072 0.0106
� 400 266 18 3 257 0.0117 0.0188
� 500 247 19 5 237.5 0.0211 0.0326
� 600 226 21 6 215.5 0.0278 0.0483
� 700 203 23 7 191.5 0.0366 0.0634
� 800 181 22 7 170 0.0412 0.0763
� 900 165 16 7 157 0.0446 0.0840
� 1000 147 18 8 138 0.0580 0.1000
� 1100 116 31 12 100.5 0.1194 0.1705
� 1200 87 29 12 72.5 0.1655 0.2651
� 1300 61 26 12 48 0.2500 0.3741
� 1400 37 24 14 25 0.5600 0.6700
� 1500 22 15 8 14.5 0.5517 0.8027
� 1600 12 10 6 7 0.8571 0.9359
� 1700 7 5 4 4.5 0.8889 0.9841

CDE Z cumulative dust exposure.
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further revealed a positive correlation between the CDE
dose and the cumulative abnormal rate of pulmonary
function, and there was a rapid increase in the cumulative
abnormal rate from w1000 mg/m3$years group to
w1700 mg/m3$years group, suggesting that a lower limit
value of 1000 mg/m3$years has reference significance.

In conclusion, higher abnormal pulmonary function rate
was found in coal mixture workers, characterized by
decreased FVC%, FEV1%, FEV1/FVC%, and dust-exposed
length may be a critical risk factor for pulmonary func-
tion. The positive correlation between CDE dose and cu-
mulative abnormal rate suggested a lower limit value of
1000 mg/m3$years for CDE in coal miners in a Chinese
population. We failed to put the chest X-ray changes into
statistical analysis due to the incomplete data regarding
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Figure 1. Does-response relationship between cumulative
dust exposure and cumulative abnormal rate of pulmonary
function in the exposed group. Along with the increase of cu-
mulative dust exposure dose in the exposed group, the cumu-
lative abnormal rate of pulmonary function also increased.
There was a rapid increase in the cumulative abnormal rate
from � 1000 mg/m3$years group to � 1700 mg/m3$years group.
the chest X-ray; therefore, further studies are required to
confirm our findings in a larger population with different
work types in coal miners and more comprehensive
information.
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