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| Abstract |

Introduction: Coal worker’s pneumoconiosis is caused by the
inhalation of coal dust and its accumulation in the lungs after several
years of exposure.

Objective: To determine the prevalence of pneumoconiosis in
underground mining workers exposed to coal dust in Cundinamarca,
Colombia, and its association with their spirometry results and
respiratory symptoms.

Materials and methods: Cross-sectional study conducted on 215
workers who were administered a questionnaire on respiratory
symptoms. For each worker a chest radiograph was taken according
to the criteria of the International Labor Organization. Information
on the workers’ socio-demographic characteristics, smoking habits,
and spirometry results was included.

Results: The average age was 45.5 + 9.4 years and the average length
of employment was 21.7+10.0 years. Expectoration was the symptom
most frequently reported (73.5%). Regarding spirometry results, a
normal pattern was observed in 89.8% of the sample, while obstructive
and restrictive patterns were found in 5.1% and 3.7% of the subjects,
and 0.5% had a peripheral airways dysfunction pattern. The prevalence
of pneumoconiosis was 42.33%. FEV1/FVC ratio (81.75 vs. 83.74,
p=0.045) and FF25-75% (84.96 vs. 91.95, p<0.001) mean values were
significantly lower in workers with pneumoconiosis.

Conclusion: Pneumoconiosis was highly prevalent in the study
population and its diagnosis was associated with spirometry results
(FEV1/FVC and FEF25.75%); bearing in mind that currently there are
not effective treatments for this disease, it is necessary to implement
control and prevention strategies aimed at reducing occupational
exposure to coal dust and, this way, prevent its occurrence.

Keywords: Occupational Exposure; Pneumoconiosis; Spirometry;
Coal Mining (MeSH).
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| Resumen |

Introducciéon. La neumoconiosis de los mineros de carbon resulta de
la inhalacion de polvo del carbon y se desarrolla después de varios
aflos de exposicion.

Objetivo. Determinar la prevalencia de neumoconiosis y su relacion
con los resultados de espirometria y los sintomas respiratorios en
trabajadores expuestos a polvo de carbon en Cundinamarca, Colombia.

Materiales y métodos. Estudio de corte transversal realizado en 215
trabajadores a quienes se les aplicd un cuestionario sobre sintomas
respiratorios y se les realizé radiografia de torax segun los criterios de
la Organizacion Internacional del Trabajo. Se incluy¢ la informacion
relativa a sus caracteristicas sociodemograficas, habitos de tabaquismo
y resultados de espirometria.

Resultados. El promedio de edad fue 45.5+9.4 afios y el de experiencia
laboral fue de 21.7£10.0 afos. El sintoma mas frecuente fue la
expectoracion (73.5%). En la espirometria, se observo patrén normal
en el 89.8% de la poblacion, obstructivo en el 5.1%, restrictivo en
el 3.7% y de alteracion de vias aéreas periféricas en el 0.5%. La
prevalencia de neumoconiosis fue de 42.3%. Los valores promedio
de FEV1/CVF (81.75 vs. 83.74, p=0.045) y FF25-75% (84.96 vs.
91.95, p<0.001) fueron menores significativamente en los mineros
con neumoconiosis.

Conclusion. La prevalencia de neumoconiosis fue muy alta en la
poblacion estudiada y su ocurrencia estuvo asociada a los resultados
de la espirometria (FEV1/CFV y FEF25-75%); teniendo en cuenta
que no hay tratamientos eficaces para esta enfermedad, es necesario
implementar estrategias de control y prevencion disefiadas para
reducir la exposicion laboral al polvo de carboén y, de esta forma,
prevenir su aparicion.

Palabras clave: Exposicion profesional; Neumoconiosis; Espirometria;
Minas de carbon (DeCS).
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Introduction

Underground mining involves work activities that may have an
impact on miners’ health and in which they are exposed to several
risk factors such as being in direct contact with particulate material.
This exposure means a higher probability of developing occupational
lung diseases, including pneumoconiosis, lung and pleura cancer,
anthracosis, silicosis and occupational asthma. (1,2)

Coal worker’s pneumoconiosis is a chronic and irreversible lung
disease that is caused by the inhalation of coal dust and its accumulation
in the lungs. (1) In order to reach a diagnosis a documented history
of exposure and a chest X-ray are required, besides the X-ray must
meet the criteria established by the International Labor Organization
(ILO) International classification of radiographs of pneumoconioses
technical guidelines ILO/2011, which are based on the presence of
parenchymal and pleural abnormalities. (3,4)

Spirometry is used to monitor workers with pneumoconiosis as
it allows the quantitative assessment of the mechanical aspects of
breathing. (5,6) In the present study the forced expiratory volume in
1 second (FEV1) is the most appropriate indicator, since it can reflect
reduced lung capacity and bronchial obstruction when associated with
forced vital capacity scores (FEV1/FVC ratio); furthermore, based on
its analysis it is possible to determine the type of respiratory disorder:
obstructive, restrictive or mixed. (1)

In the case of workers who have been exposed to coal dust it is of
great importance to ask them whether they have a history of smoking
or not, since this condition increases the risk of experiencing airway
obstruction, which in turn means a reduced FEV1/FVC ratio. In this
sense, Guerrero-Medina & Gutiérrez Strauss (2) state that the FEV1
result and the FEV1/FVC ratio allow a better characterization of lung
function in smoking patients and in those with bronchitis.

In 1995, Rendodn et al. (7) reported a 5.12% (95%Cl: 2.6-7.64)
prevalence of pneumoconiosis in the municipality of Amaga,
Antioquia (Colombia), while in 2000, Orduz-Garcia (8), in a study
conducted in coal workers of the same department, reported 189
cases of pneumoconiosis. Furthermore, in a study carried out in 2013
in underground miners of Boyacé exposed to coal dust, spirometry
findings associated with obstructive and mixed patterns were
observed in miners who had been working more than 20 years in
these conditions. (9) Other studies allow concluding that, although
pulmonary function tests are not decisive to reach a final diagnosis
of pneumoconiosis, they are useful as an early diagnosis tool and as
a medical surveillance measure in mining workers exposed to coal
dust, besides they are cheap and easy to perform. (6,10)

Occupational exposure in underground mines implies unfavorable
factors due to workers being exposed to high levels of coal and
silica dust; in addition hygiene and industrial safety measures in this
work environment, as well as the workers’ self-care practices, are
not always adequate. (11)

However, pneumoconiosis can be prevented as long as the
amount of dust in the work environment is substantially reduced,
and therefore the amount that is inhaled and accumulated in the
lungs. (12) Current knowledge on the pathogenesis of the disease
and technological advances that allow the implementation of control
measures can reduce its progression, especially in the case of acute or
rapid progression types, which have been associated with an increased
exposure to dust. (13-15)

The objectives of the present study were to determine the prevalence
of pneumoconiosis in underground mining workers exposed to coal
dust in Cundinamarca, Colombia, and to characterize their spirometry
tests results and the presence of respiratory disorders symptoms.

Materials and methods
Study design

A cross-sectional study was conducted. The study population consisted
of underground mining workers from Cundinamarca, Colombia.
Estimators and statistical tests were constructed using a probabilistic,
stratified and multistage cluster sampling design.

Sample

A probabilistic, multistage and cluster sampling design was carried out
in two stages: in the first stage, the primary sampling units consisted
of the underground mining companies in Cundinamarca, while in the
second, the secondary sampling units were made up by the workers of
the companies that were randomly selected. The selection of companies
and workers was made using the simple random sampling technique.

The following values were obtained: accuracy: 5%; reliability:
95%: prevalence: 40%, and cluster sampling design effect: 1.5.
The sample size was 215 workers from a sample universe of 1 901
individuals with occupational exposure to coal dust and who, at
the time of conducting the study, were working in 11 companies;
selection was carried out by establishing homogeneous groups of
similar exposure to coal dust (SEGs). In the event a selected worker
refused participating or was not able to take part in the study due to
not being present in the mine, said individual was randomly replaced
by another subject taking into account the SEGs.

Subjects who were administered the structured questionnaires, as
well as the paraclinical tests, were selected from a list in which all
workers were included.

Inclusion criteria

» Having worked in the mining industry for 10 or more years

+ Being an active worker in the selected companies at the time field
work was conducted

+ Voluntary acceptance to participate in the study

Workers who were younger than 18 years old, those with a condition
in which the performance of forced spirometry was contraindicated
(recent pneumothorax, active respiratory infections, recent myocardial
infarction, unstable angina, thoracic aortic aneurysm, among others),
those diagnosed with any respiratory disease or under treatment and
pregnant women, were excluded.

Data collection instruments

Two surveys were used to collect data, the first was administered to
the selected workers in order to obtain information on their social
and demographic (age, sex, place of residence, educational level,
socioeconomic level, marital status), occupational (years of service
in the mining industry, posts held, type of job, and exposure time at
the time field work was conducted), and toxicological characteristics
(whether the worker was a smoker or not), as well as information
on their respiratory symptoms. The second survey focused on the
occupational medical history of the workers, in which the occupational
health assessment made by physicians specialized in occupational
health with a valid license was recorded.

Paraclinical tests included a chest X-ray, which was performed
and interpreted according to the criteria established by the ILO, and
a forced spirometry test performed by a respiratory therapist.
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Chest X-rays were interpreted by two people certified by the
National Institute for Occupational Safety and Health (NIOSH); in
addition, compliance with the requirements established by the ILO
was ensured.

Spirometry is considered a practical tool to monitor workers, for it
allows the quantitative assessment of the mechanical characteristics of
breathing. In order to perform this test, the patient, after performing
a maximal inspiration, is asked to exhale all the inhaled air as fast as
possible. In the present study, the assessment was made based on the
official ATS/ERS technical standards, where values are considered
normal when FVC is >80% of the expected value in relation to
height, weight, age and sex; FEV1 is >80% of the expected value, and
FEV1/FVC ratio is >70%. (16).

Operationalization of the variables

The respiratory signs and symptoms (respiratory system alterations
reported by workers) and the results of the spirometry tests (spirometric
alterations and values according to the ATS/ERS standards) were
defined as independent variables, while pneumoconiosis (workers
whose chest X-rays results were compatible with pneumoconiosis
diagnosis) was defined as the dependent variable. In addition, the
other occupational and sociodemographic variables were considered
as confounders: years of service in the underground mining industry,
type of job according to the SEGs classification (mining activities
performed at the face of the mine, faceworkers and pick miners;
transport related activities, those responsible for carrying the
coal from the pithead to the unloading area; maintenance work,
those hired as timbermen and who are responsible for cutting and
installing timbers to support the roof and walls of haulageways,
passageways, and the shaft of the mine; services, those in charge
of transporting materials and supplies, and loading point, those
responsible for selecting coal by size and removing other rocks
and foreign bodies), length of time in the current position (number
of months the worker has held the position), company size (small:
from 1 to 50 workers; medium: from 51 to 99 workers, and large:
more than 100 workers), age of the worker (in years) and history
of smoking (total time in months).

Pilot test and data quality control strategies

In order to standardize all procedures, a pilot test was conducted on
a sample equivalent to 10% of the final sample used in this study
(n=215). It is worth noting that the companies whose workers
participated in the pilot study were not included in the final sample.

Data collection was achieved through the individual administration
of structured questionnaires to each participant by members of the
research team who were previously trained to ensure a standardized
application of the surveys. Both, the questionnaires and the clinical
tests were conducted on the same day for each worker.

At the end of each day, the information obtained from the
administration of the questionnaires was reviewed by another member
of the research team in order to ensure its quality and identify any
inconsistencies or missing data that could affect its analysis. When
inconsistencies were found, the information was checked again with
the company or the worker. Likewise, all data were checked before
their inclusion in the project database and its subsequent analysis.

Data was systematized by creating the database structure in the
Variable View module and then it was entered into the database View.
Data input was checked using automatic control programs provided
by the SPSS Statistics software version 25.0.

Statistical analysis

Regarding the description of variables, absolute and relative frequency
distributions, expressed in percentages, were used for qualitative
variables, while measures of central tendency and variability were used
for quantitative variables. Estimators and statistical tests were constructed
using the probabilistic, stratified and multistage cluster sampling design
available in the Complex Samples module of the IBM® SPSS package,
version 25.0.

The prevalences of pneumoconiosis, spirometric obstructive patterns
and respiratory signs and symptoms were estimated with their respective
95% confidence intervals (CI). The precision of the estimators of these
parameters was measured with the standard error of the estimate (SE)
and the relative standard error (RSE), using the quality criteria of the
estimators established by the Canadian Statistical Office for the RSE
(A quality: 0-15%; B: 15.1-30%; C: 30.1-50%, and D:> 50%)).

Associations between qualitative and independent variables
(symptoms and spirometry) with pneumoconiosis were evaluated
using the Pearson’s chi-square test (aka chi-square test of association),
the prevalence ratio (PR) and their respective 95% confidence interval.
On the other hand, the t-Student test was used to evaluate spirometry
numerical variables for pneumoconiosis, and the multivariate analysis
of pneumoconiosis was constructed from a Cox regression model
with constant risk time and robust variance estimators for multistage
stratified cluster sampling. The level of significance used in the
statistical tests was 5% (p<0.05).

Ethical considerations

This research is part of a larger project (Evaluation of the exposure to
coal dust in underground mining in three departments of Colombia)
carried out jointly by Universidad del Rosario, Universidad de los
Andes, Positiva Compaiiia de Seguros ARL (Workers’ compensation
insurance company), Instituto Nacional de Salud (National Institute of
Health) and the Governor’s Office of the Department of Boyacé, and
co-financed by Colciencias (Administrative Department of Science,
Technology and Innovation) through contract No. 379-2011.

Also, this article derives from a master’s thesis available in the
digital archive of Universidad del Rosario (17). The scientific, technical
and administrative standards on health research established by
Resolution 8430 of 1993, issued by the Colombian Ministry of Health,
were followed in the development of the research project, which was
classified as a minimum risk study according to this resolution. (18)
Similarly, the ethical principles for medical research involving human
subjects outlined in the Declaration of Helsinki were followed. (19)

The execution of the study was approved by the Ethics Committee
of Instituto Nacional de Salud (Minutes No. REG-R03.002.0000-006
of October 18, 2011) and prior to collecting the information and
performing the spirometry tests and chest X-rays, workers were fully
informed on the objectives of the study and were asked to sign an
informed consent form in which they agreed to participate.

Results
Demographic and occupational characteristics

The study population consisted of 215 workers, of which only 1 was
a woman. The average age was 45.5 + 9.4 years, with minimum and
maximum ages of 24 and 76 years, respectively. The average length of
service was 21.7 + 10.0 years, with minimum and maximum lengths
of employment of 10 and 57 years, respectively. Pick miner was the
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most frequent post, followed by timberman; less than 10% of the
sample held other posts. In relation to smoking, 4 out of 10 workers
reported a history of smoking (Table 1).

Table 1. Sociodemographic and occupational characteristics of workers
exposed to coal dust in Cundinamarca, Colombia. 2014.

Male 214 99.5
Gender Female 1 0.5
Total 215 100
20-29 9 42
30-39 50 233
40-49 74 34.4
Age groups (in years)
50-59 69 321
260 13 6
Total 215 100
<20 100 46.5
Length of employment 20-30 B 34
(in years) >30 42 19.5
Total 215 100
Pick miner 108 50.2
Timberman 29 135
Strip mining supervisor 18 84
Face man 14 6.5
Cochero * 13 6
Hoistman 1 5.1
Responsible for unloading 6 2.8
Post Patiero 5 2.3
Administration related services 3 1.4
Hopper operator 2 0.9
Supplies related services 2 0.9
0dd-job man 2 0.9
Operator 1 0.5
Storage related services 1 0.5
Total 215 100
Workers with a history of smoking 87 40.5
Smoking habits Workers who are currently smokers 29 13.5
Workers who smoke at work 9 4.2

* Worker responsible for loading coal in wagons and transporting it to coal
mine hopper.

1 Worker responsible for cleaning the coal mine storage yard.

Source: own elaboration.

Respiratory signs and symptoms

Expectoration was the respiratory sign or symptom most frequently
reported (73.5%, 95%CI: 64.3-81.0), followed by coughing in the
morning after waking up (63.3%, 95%CI: 52.9-72.5), waking up in
the middle of the night due to a coughing fit at least once in the last
12 months (63.7%, 95%CI: 52.8-73.4), and chest tightness (46.0%,
95%CI: 38.6-53.6).

Assessment of spirometry tests

Regarding spirometry tests results, a normal pattern was observed
in 89.8% subjects, while obstructive, restrictive and mixed patterns
were observed in 5.1%, 0.5% and 0.9%, respectively. In addition,
a peripheral airways dysfunction pattern was observed in 10.2%
participants (95%CI: 6.3-16.3).

Prevalence of pneumoconiosis

The prevalence of chest X-ray interpretations compatible with
pneumoconiosis diagnosis according to the ILO criteria was 42.3%
(95%CI: 33.9-51.2).

Factors associated with pneumoconiosis

FEVI1/FVC ratio (p=0.045) and FF25-75% (forced expiratory flow
at 25-75%) (p<0.001) spirometry values were significantly lower in
workers compatible with pneumoconiosis diagnosis (Table 2). There
were no significant differences regarding FVC (p=0.658).

Table 2. Estimates of spirometry values for pneumoconiosis diagnosis.

Confidence interval
Typical 95%

Relative
Pneumoconiosis error standard
Lower e
limit
FVCz 109.25 2.691 103.26 115.25 2.5%
Yes FEV1/FVC% 81.7473 2.55174 76.0616 87.4329 3.1%
FF25-75% 84.956 434595  75.2727 94.6394 5.1%
FVCz 110.57 4.083 101.47 119.67 3.7%
No FEV1/FVC% 83.7419 2.17139  78.9038 88.5801 2.6%
FF25-75% 91.9516 3.98597  83.0703 100.8329 4.3%

FVCz: Z-score of Functional Vital Capacity; FEV1/FVC%: Tiffeneau-Pinelli
index, FF25-75%: Forced expiratory flow at 25-75%.
Source: Own elaboration.

However, there were not statistically significant differences between
the presence or absence of any spirometric alteration and reported
symptomatology (p>0.05). Likewise, based on the chest X-ray interpretation,
there were not differences between the respiratory symptoms reported by
workers with pneumoconiosis and those without this condition (p> 0.05).

Multivariate analysis

In the case of independent variables, in relation to pneumoconiosis,
FEF25-75% was the only significant spirometric variable, while
occupational exposure length was the only significant occupational
variable (Table 3).

Table 3. Cox regression model with constant risk time for pneumoconiosis.

95% Confidence Interval
for the PR
Cowerimit | Upper it

Parameter

>30 years 1.159 0.006 3.188 1.52 6.687
25-29 1.097 0.001 2.995 1.806 4.965
<25 0.000 = 1 - =

FEF25-75%z -0.008 0.024 0.992 0.986 0.999

B: vector that holds estimated regression coefficients; Sig.: Significance level;
PR: Prevalence ratio; FEF25-75%z: z-score of forced expiratory flow at 25-75%.
Source: Own elaboration.
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Discussion

Long-term exposure to coal dust in underground mining workers
is significantly associated with negative effects on their health that
mainly lead to the development of chronic respiratory disorders.

In the present study, the prevalence of chest X-ray readings
compatible with pneumoconiosis diagnosis (according to the ILO
criteria) was 42.33%, which is higher than what similar studies have
reported. (7,8,20,21) This might be caused by the minimum time of
exposure (>10 years) established as an inclusion criterion here, and
the fact that pneumoconiosis is a chronic disease. Also, 50.2% of the
subjects worked as pick miners, i.e., those in charge of working at
the face of the mine using picks, hammers and hand saws to remove
rocks and extract coal, which is considered a high exposure post.

Likewise, the prevalence of respiratory symptoms and spirometric
obstructive patterns reported here suggests that this population
might develop other lung diseases such as chronic bronchitis and
chronic obstructive pulmonary disease. On the other hand, in terms
of respiratory symptoms, expectoration and coughing were more
frequent than what Caballero et al. (22) reported in a study conducted
on general population over 40 years old from five cities of Colombia.

Contrary to what is described by Balmes et al. (23), an association
between smoking and pneumoconiosis was not found.

Regarding spirometry results, the FEV1/FVC ratio and FF25-75%
values were significantly lower in workers with pneumoconiosis,
which coincides with the findings by Wang et al. (20)

Spirometry is a poorly sensitive test, since in some cases respiratory
diseases won’t be detected with it. In addition, the variability of
spirometric measurements is attributed to factors such as size, age and
sex, among others. (24) However, it is a useful test in the context of
pre-employment testing and periodic occupational testing in workers
exposed to coal dust.

Radiological findings alone are not enough to reach a
pneumoconiosis diagnosis, but they allow determining cases that
are compatible with this condition. For a proper diagnosis, the
history of exposure must also be considered, including the years
of service in underground mining activities and clinical signs. (3)
Therefore, performing a more detailed analysis of the exposure to
coal dust combined with and early identification of symptoms and
the occupational history of the patient is suggested.

Data collection and paraclinical tests were performed on the same
day for each worker, yet the quality of the information and the tests
results were not affected by this situation, since chest radiographs
were read two days after they were performed and the physicians who
assessed them did not know the diagnosis that was made based on
the readings made at the moment the test was carried out.

On the other hand, in order to minimize memory biases during the
provision of information by the workers, they were not asked open
questions regarding information available in their personal medical
history; however, as pneumoconiosis is a chronic development
disease, only those workers with at least 10 years of exposure were
included, which might represent a possible selection bias.

Conclusions

The prevalence of pneumoconiosis in underground mining
workers from Cundinamarca was very high and its occurrence was
associated with the FEV1/FCV ratio and FF25-75% values of the
spirometry test, since they were significantly lower in workers with
pneumoconiosis. Given that there are no effective medical treatments
for pneumoconiosis, it is necessary to establish control measures
or prevention activities aimed at minimizing exposure to coal dust.

In order to reduce occupational exposure to crystalline silica and
coal dust and prevent pneumoconiosis, silicosis and deaths related
to these diseases, the following actions are suggested: performing
surveillance activities based on the Evidence-Based Comprehensive
Care Guidelines for Lung Cancer and Pneumoconiosis of the
Colombian Ministry of Health (3), implementing new technologies
to reduce exposure, reviewing the effectiveness of the existing control
methods in mining companies, and carrying out a comprehensive
intervention in these companies based on periodic occupational
hygiene monitoring aimed at verifying the effectiveness of the
implemented measures.
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