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Abstract

Background: Factory workers are a group at high risk of
developing occupational lung abnormalities. Continuous exposure
to dust, smoke, or gas particles during work processes may lead to
progressive lung damage. Chest X-ray and spirometry are essential
diagnostic tools for assessing both structural and functional lung
changes, allowing early detection and prevention of occupational
lung disability, especially among workers exposed to airborne
pollutants.

Method: This analytical observational study employed a cross-
sectional design to analyze the association between factory
workers’ profiles and chest X-ray and spirometry findings. Lung
function was assessed using spirometry parameters, including
Forced Vital Capacity (FVC), Forced Expiratory Volume in one
second (FEV1), and FEVi/FVC ratio to identify restrictive or
obstructive patterns. Data were collected using total sampling
during periodic health examinations and analyzed with SPSS
version 26.0. Descriptive statistics were used to summarize
characteristics, while inferential analysis using Chi-square or
Fisher's exact tests was conducted to determine associations
between categorical variables, with a significance level set at
P<0.05.

Results: A total of 260 factory workers participated, most with <5
years of work experience (60.76%). Comorbidities were
significantly associated with both chest X-ray findings and lung
function (P=0.034 and P=0.004). Smoking history and length of
work also showed significant relationships with lung function
(P=0.027 and P=0.019).

Conclusion: There is a significant association between smoking
history and length of work with changes in lung function.
Meanwhile, comorbidities have a significant association with lung
structure and lung function. Periodic evaluation using spirometry
and chest X-ray is essential for early detection and prevention of
occupational lung abnormalities among factory workers.
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INTRODUCTION

Factory workers are at significant risk
of encountering numerous health issues
due to the conditions of their workplace
environment. Overexposure to dust or
smoke particles may result in lung damage
and trigger occupational lung disease
(OLD). Chronic obstructive pulmonary
disease (COPD) creates a worldwide health
issue that adversely affects the quality of
workers.  The  International  Labor
Organization (ILO) cites about 250 million
cases of COPD annually and 1.2 million
deaths of workers resulting from accidents
or OLD.!?

The prevalence of OLD in Indonesia
is significant, although the existing data
remains inadequate. The absence of
comprehensive data regarding OLD
complicates the diagnostic methodology for
OLD. The diagnostic
technique is clinically challenging to
differentiate due to several causes.?

conventional

Occupational asthma is the most often
diagnosed obstructive lung disease among
workers. Moreover, many kinds of
OLD may manifest both acutely and
including  hypersensitivity

COPD, and pulmonary

chronically,
pneumonitis,
fibrosis.?3
Dust particles supply a source of
occupational exposure that leads to
decreased lung function. Common
exposures include coal mine dust, silica,
fumes, vapors, gases, organic compounds,
chemicals, metals, and infectious

microorganisms.  Long-term  exposure
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results in structural and physiological
damage to the lungs.*

Spirometry tests and chest X-rays
(CXR) can be used as measurements for
the periodic evaluation of lung problems in
workers. These problems are frequently
correlated with additional characteristics,
including age, gender, body mass index,
and length of work.>

Several studies have shown that
occupational exposure to dust, fumes, and
industrial materials can cause structural
and functional lung changes detectable
through chest X-ray and spirometry. Such
exposure may lead to radiological
abnormalities like fibrosis or infiltrates and
reduced spirometric values, including
Forced Expiratory Volume in one second
(FEV1) and FEV1/FVC ratio, as observed in
occupational asthma and  chronic
obstructive patterns.®8

This study is to examine the
correlation between the profiles of
manufacturing workers and the results of
radiological exams and spirometry tests.

METHOD

This study employed an analytical
observational design wusing a cross-
sectional approach. Data collection was
conducted by total sampling from October
to November 2024, adjusted to the periodic
health examination schedule of each work
unit at PT X, Riau Province.

The inclusion criteria were factory
workers who consented to participate and
attended the health assessments, which
included chest X-ray and spirometry
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examinations. Workers who did not
complete both examinations and were
unable to perform the spirometry
maneuver properly were excluded.
Spirometry examinations followed
the standards of the American Thoracic
Society (ATS) and the
Respiratory Society (ERS). Measurements
were performed using a MIR SpiroLab®
spirometer (Medical International
Research, Rome, Italy), calibrated daily

European

with a standardized volume device in
ATS/ERS
participant

accordance with
recommendations. Each
performed at least three acceptable and
reproducible maneuvers, and the best
value was recorded.

Lung function was interpreted based
on ATS/ERS reference criteria. Obstructive
patterns were defined as an FEV1/FVC ratio
<0.70, and restrictive patterns as an FVC
<80% of the predicted value with a normal
or elevated FEVi/FVC ratio. Predicted
values were adjusted for age, sex, height,
and ethnicity using the Global Lung
Initiative (GLI 2012) reference equation.
Potential confounding factors—including
age, sex, body mass index (BMI), smoking
history, comorbidities, and length of work—
were controlled through stratified and
subgroup analyses to minimize bias.

Data were analyzed using SPSS
version 26.0 (IBM Corp., Chicago, IL, USA).
Descriptive
respondent

statistics summarized

characteristics. ~ Normally
distributed data were presented as
meanzstandard deviation (SD), while non-
normal data were expressed as median.

Bivariate analyses were conducted using

the Chi-square or Fisher’s exact tests, and
normality was  verified with the
Kolmogorov—Smirnov test. These tests
were selected because the study variables
were primarily categorical, aiming to
identify associations between independent
and dependent variables. A value of
P<0.05 was considered statistically
significant.

Ethical approval was obtained from the
Ethics Committee of the Faculty of Medicine,
Universitas Riau, on October 18, 2024 (No.
B/133/UN19.5.1.1.8/UEPKK/2024).

RESULT

This study collected 260 out of 300
plant workers who underwent periodic
health assessments and satisfied the
inclusion criteria between October and
November 2024. The collected data
comprised  demographic  information,
including age, gender, body mass index,
and smoking status, as well as
comorbidities, length of work, radiological
features, and spirometry tests.

Table 1 shows that factory workers
were male (97.31%), with age >40 years
(58.08%) being the highest group of
factory workers in this study. Normoweight
status (63.07%), no comorbidities
(90.76%), and non-smoker (38.84%) were
also the variables with the highest
percentage in this study. Most of the
factory workers had a length of work <5
years (60.76%).

Overall, based on the results of the
spirometry test, 5 factory workers (1.91%)

were found to have impaired lung function,
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and 7 workers (2.67%) were observed to
have structural lung abnormalities through
chest X-rays.

Table 1. Distribution of Research Respondents

Characteristics n %
Age (meanxSD) 40.02+9.44
<40 years 109 41.92
>40 years 151  58.08
Gender
Male 253 97.31
Female 7 2.69
Body Mass Index (BMI)
Underweight 9 3.46
Normoweight 164 63.07
Obese 1 68 26.15
Obese 2 19 7.32
History of Smoking
Non-smoker 101 38.84
Mild BBI 80 30.76
Moderate BI 55 21.15
Severe BI 24 9.25
Comorbidities
No 236 90.76
Yes 24 9.24
Length of Work (meanxSD) 4.61+£2.75
<5 years 158 60.76
>5 years 102 39.24
Chest X-rays
Normal 253 97.33
Pleural Effusion 1 0.38
Infiltrates 1 0.38
Fibrosis 2 0.76
Fibroinfiltrates 3 1.15
Spirometry Tests
Normal 255  98.09
Obstruction 1 0.38
Restriction 4 1.53

Table 2 shows that most factory
workers obtained normal chest X-rays
(97.33%), while 7 factory workers (2.67%)
experienced abnormalities in the chest X-
rays, consisting of pleural effusion, fibrosis,

infiltrates, and  fibroinfiltrates.  The

a https://respiratoryscience.or.id/

comorbid factors had a significant
association with abnormal chest X-rays
(P=0.034). Abnormal chest X-rays were
found in patients aged >40 years, male
gender, underweight status, smoking
history, and length of employment >5
years.

Table 3 shows that most factory
workers obtained spirometry tests within
normal limits at 98.09%. In addition, it was
also explained that there were 5 workers
(1.91%) who experienced impaired lung
function with restriction and obstruction
disorders. Pulmonary function disorders in
this study were significantly associated with
several factors, such as smoking history
(P=0.027), comorbidities (P=0.004), and
length of work (P=0.019).

Table 4 shows that there is no
significant  relationship  between the
findings on the chest X-ray and the results
of the spirometry test (P=0.932). These
results also explain that abnormal findings
in chest X-rays do not impact those with
lung function disorders. Conversely, lung
function disorders, such as restriction and
obstruction, were found with normal chest
X-rays.

Table 4. Association of Chest X-ray Images with

Lung Function in Factory Worker Profiles
Lung Function

Chest X-rays N R ) P
Normal 249 4 1
Fibrosis 3 0 0
Infiltrates 1 0 0 0.932
Fibroinfiltrates 1 0 0
Pleural Effusion 1 0 0

Note: Fisher's exact test; P<0.05 statistically
significant; N=Normal; R=Restriction;
O=0bstruction


https://respiratoryscience.or.id/index.php/journal/index

Association Between Factory Workers’ Profile with Chest X-ray Finding and Spirometry

Table 2: Profile of Chest X-ray Features in Factory Workers

Variable - - - CXR Fea_turt?s - - P
Normal Fibrosis Infiltrates Fibroinfiltrates Pleural Effusion

Age
<40 years 29 0 0 1 1 0.751
>40 years 224 2 1

Gender
Male 246 2 1 3 1 0.978
Female 7 0 0 0 0

BMI
Underweight 9 0 0 3 0
Normoweight 159 1 0 0 1
Obese 1 66 1 1 0 0 0.994
Obese 2 19 0 0 0 0

History of Smoking
Non-smoker 100 0 0 1 0
Mild BI 78 0 0 1 1
Moderate BI 51 2 1 1 0 0.333
Severe BI 24 0 0 0 0

Comorbidities
No 230 2 0 3 1 0.034*
Yes 23 0 1 0

Length of Work
<5 years 142 1 0 1 0 0.866
>5 years 111 1 1 2 1

Note: Chi-square test or Fisher’s exact test as appropriate; statistically significant if P<0.05; BI=Brinkman Index;
CXR=chest X-ray.

Table 3. Association of Factory Worker Profile with Lung Function
Lung Function

Variable Normal Restriction Obstruction P
Age
<4
0 years 105 3 1 0198
>40 years 150 1
Gender
Male 248 4 1
Female 7 0 o
BMI
Underweight 9 0 0
Normoweight 161 2 1
.644
Obese 1 66 2 0 "
Obese 2 19 0 0
History of Smoking
Non-smoker 101 0 0
Mild BI 77 3 L
0.027*
Moderate BI >4 ! 0
Severe BI 24 0 0
Comorbidities
No 233 3
*
o ” . . 0.004
Length of Work
<5 years 158 0 0 0.019*
>5 years 97 4 L

Note: Chi-square test or Fisher’s exact test as appropriate; statistically significant if P<0.05; BI=Brinkman Index.
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DISCUSSION

Factory workers are often faced with
exposure or workloads that are hazardous
to their health, so workers have the
potential to experience health problems
whose handling requires special efforts,
especially when in the workplace and
health service units. Work-related health
problems are often incurable and cause
disability and even death, so the main
principle in providing health services for
workers is to make prevention efforts as
early as possible.®’

Factory X, a wood processing
industry, is one of the industries that is
developing rapidly at this time, with final
products of paper and textile materials.
Exposure risk factors obtained from the
work environment are wood dust, cotton
dust, and chemical exposure. Risks to the
respiratory system are very likely to occur,
so regular health checks are the main
preventive measures to be taken.®

A spirometry test is recommended to
assess lung function, and a chest X-ray is
also the initial radiologic examination to
evaluate potential lung abnormalities that
may occur due to occupational exposure.
Respiratory system disorders due to
occupational exposure are known as OLD,
which has a diagnosis that varies
depending on the exposure that is often
obtained.®®

This study analyzes several variables
that are considered to have a direct or
indirect association with structural and
functional lung disorders obtained through
spirometry and X-rays. The male gender

B https://respiratoryscience.or.id/

had the highest distribution in this study
(97.31%), although this did not provide a
statistical relationship to the results of
chest X-rays and spirometry. The analysis
related to this is not apart from the factor
of higher smoking habits, so male tends to
experience chronic lung diseases such as
COPD, chronic bronchitis, and lung
cancer.1?

Proportionally, all male workers
experienced both abnormalities of the lung
structure (radiologically) and impaired lung
function. Other studies conducted by
Thepaksorn et al and Kargar-Shouroki et al
also explained that male workers have a
higher risk of lung function disorders due
to the greater workload of male workers in
work areas with high dust
concentrations.?1!

Most factory workers in this study
were aged >40 years (58.08%). The age
factor did not have a significant relationship
with radiological and spirometric findings in
this study. But proportionally, age >40
years impacts radiological abnormalities in
the form of fibrosis, infiltrates, and
fibroinfiltrates. This is the opposite of
workers aged <40 years who tend to
experience impaired lung function. Several
studies mention that age has a relationship
with decreased lung function. The age
factor is related to the aging process, which
causes an increase in a person's age to
cause a decrease in lung function
capacities.!?

Kautsar and Sudarmaji reported a
significant association between age and
pulmonary function impairment (P=0.001),
where workers aged over 40 years showed
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a higher prevalence of reduced lung
function. This supports the role of age-
related physiological decline in increasing
vulnerability to respiratory impairment
among exposed workers.!3

The nutritional status of workers was
predominantly in the normoweight group
(63.07%), followed by the grade 1 obesity
group (26.15%). The BMI factor did not
have a statistically significant relationship
in this study. Nevertheless, proportionally,
the normoweight group tends to impact
those with lung function disorders.
Meanwhile, the underweight group tends
to cause structural changes radiologically,
and the obese 1 group is more likely to
have impaired lung function.

A study by Mauro et al explained that
vital capacity (VC) can be affected by body
weight. Physiologically, vital capacity will
decrease along with obesity. The study also
stated that normal weight and obesity
conditions had significant differences. In
addition, it is mentioned that the size of the
neck circumference correlates with BMI
and impacts a person's vital capacity.'*

Smoking history can affect a person's
lung capacity, so it can be used as a test
variable in this study. The results of this
study displayed that 38.84% of workers
had no smoking history, and mild BI
smoking status (30.76%) was the second
highest percentage of all workers. The
results showed a significant relationship
between smoking status and the
occurrence of lung function disorders,
especially with mild BI smoking status
(P=0.027).1>16

The smoking habit will not only affect
the level of oxygen exchange in the blood
but will also be a potential factor for several
lung diseases, including lung cancer.
Smoking is four times more likely to cause
structural and functional changes in the
respiratory system and lung tissue than in
non-smokers. This is why cigarette smoke
exposure can affect lung function
disorders.!>16

Comorbidities can worsen the health
conditions of factory workers who are at
risk of daily exposure to the work
environment. The results of this study
showed that 90.76% of factory workers did
not have comorbidities. However, this
result was inversely proportional to the
impact of comorbidities on radiological
abnormalities and impaired lung function.
The results of this study pointed out that
workers who did not have comorbidities
experienced fibrosis, fibroinfiltrates, and
pleural effusion radiologically.!”-8

Based on a spirometry examination,
it was found that factory workers
experienced restriction disorders.
Comorbid factors as test variables in this
study have a significant relationship to
radiological abnormalities (P=0.034) and
impaired lung function (P=0.004).
Comorbid status has a risk of susceptibility
to recurrent infections, decreased
endurance, and decreased lung capacity.
This will very likely lead to the occurrence
of COPD with occupational environmental
exposure factors that are obtained every

day.17,18
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Comorbidities were  significantly
associated with abnormal chest X-ray
findings. Chronic ilinesses such as diabetes
mellitus,

hypertension, or  previous

pulmonary infections can influence
pulmonary structure through systemic
inflammation, endothelial dysfunction, and
decreased tissue repair capacity.!” These
mechanisms may accelerate the
development of radiologic abnormalities
even in the absence of long-term
occupational exposure. Workers with
comorbid conditions are also more
susceptible to recurrent infections and
inflammatory responses that can contribute
to interstitial changes or fibroinfiltrative
patterns visible on chest X-rays.!®

These findings suggest that the
interaction between occupational exposure
and individual health status determines the
type of pulmonary abnormalities observed.
Functional changes may develop earlier
due to exposure-related airway reactivity,
whereas structural abnormalities require
prolonged exposure or the presence of
underlying comorbid conditions to manifest
radiologically.

The length of work is one of the main
factors that determines the length of time
a person is exposed to dust in the work
environment, which can cause Ilung
function problems.’® The longer the
inhalation exposure, the greater the
possibility of getting the risk, so one of the
potential variables that can cause lung
function disorders is the length of time a
person is exposed to dust in the work
environment.*>?° This study found that the
length of work <5 years had a significant
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relationship with impaired lung function
(P=0.019).

In this study, the length of work was
significantly associated with lung function
impairment but had no significant
relationship with chest X-ray findings. This
may be explained by the relatively short
average duration of employment (4.6+2.7
years), which may not be sufficient to
cause detectable radiological changes.
Structural abnormalities on chest X-ray,
such as fibrosis or infiltrates, generally
occur after prolonged exposure exceeding
10 years, while functional impairment can
appear earlier due to reversible airway
inflammation or bronchial hyperreactivity.®-
8

The results of this study concluded
that radiological findings had no significant
relationship to changes in lung function
through spirometry results. But overall, the
results of this study showed that there
were 7 factory workers who had
radiological lung abnormalities and 5
workers who had impaired lung function.
These results indicate that comorbid
factors have a statistically significant
relationship to radiologic abnormalities and
impaired lung function. Meanwhile,
smoking status and length of work had a
significant relationship only to changes in
lung function.

In addition, the factory has
implemented regular health monitoring and
safety measures, including personal
protective equipment (PPE) use and
ventilation systems, which may have
reduced cumulative
prevented significant radiologic findings.®

exposure  and
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This study has several limitations.
Comorbidities such as congestive heart
failure, COPD, asthma, and pulmonary
tuberculosis could influence chest X-ray
findings, particularly in relation to pleural
effusion, but these factors were not
adequately addressed. The assessment of
exposure duration only accounted for the
total number of years worked, neglecting
daily or weekly working hours, which may
lead to an underestimation of exposure
intensity.

Additionally, the absence of data
regarding PPE use and compliance could
have obscured the connection between
occupational exposure and lung
abnormalities. Furthermore, educational
background and occupational safety
behavior, which might impact awareness
and adherence to prevention measures,
were not investigated. Future research
should incorporate these variables to
better differentiate between work-related
and comorbidity-related findings and
enhance causal inference regarding
occupational lung disease.

CONCLUSION

The outcome profile of factory
workers on chest X-rays and spirometry
showed that comorbidities, smoking status,
and length of work are significant risk
factors for the potential occurrence of OLD.
In addition, this can also be aggravated by
age, gender, and BMI, although
statistically, it does not show significance.
The limitations of this study are expected

to be improved by future studies with a

larger sample size, so that the
homogeneous data can further strengthen
the results of this study.
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