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Abstract: A cross sectional study was carried out to determine the
prevalence of respiratory symptoms and associated factors with respiratory
health among male steel workers. A total of 424 male workers in the steel
production plant were recruited using a stratified random sampling.
Subjects were interviewed regarding respiratory symptoms using a British
Medical Research Council (BMRC) Questionnaire on respiratory
symptoms and were examined their lung function using spirometry.
Prevalence of chronic cough, chronic phlegm, chest tightness and shortness
of breath were 35.8, 32.8, 23.4 and 22.4%, respectively. Age, duration
employment and smoking were among the factors associated with
respiratory symptoms (p<0.05). Forced Expiratory in 1 sec (FEV;) and
%FEV/FVC of workers were significantly reduced as compared to the
healthy population (p<0.05). The effect of cigarette on FEV,; was shown
among the current smokers (f = -0.099, p<0.05). Level of dustiness was
significantly reduced the FVC (B = -0.047, p<0.05) while duration of work
was significantly reduced the %FEV/FVC (B = -0.214, p<0.01). Lung
function test revealed some degree of impairment as compared to healthy
population and smoking also had an additive effect on respiratory health,
thus required further extensive epidemiological and pathological studies for

Introduction

Exposure to airborne contaminants in metallurgical
industry is one of the a etiological factors in the
occurrence of pathological changes in respiratory
pathways. A number of studies have been reported that
occupational dust exposure in steel manufacturing may
lead to pulmonary abnormalities (Bogadi-Sare, 1990;
Kolarzyk et al., 2000; Chen et al., 2006). Steel workers
are potentially exposed to inorganic dust and toxic
gaseous that may have adverse effects to respiratory
health. They also have higher risk of having respiratory
symptoms and life-long chronic obstructive airways
diseases including asthma, COPD, pneumoconiosis and
cancers (Kayhan er al., 2013; Bala and Tabaku, 2010;
Johnson et al., 1985; Huvinen and Pukkala, 2013).

Most of the studies were carried out in developed
countries, whereas in Malaysia very limited data is
available in occupational and safety issues involving
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the health and safety of the steel mill workers.
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steel industry. Preliminary studies reported that steel
workers had a high prevalence of respiratory symptoms
and lung function impairment (Azwan et al., 2006;
Nurul et al., 2006). Therefore, it is essential to
investigate the associated factors such as demographic,
employment, smoking, as well as occupational and safety
practices particularly the usage of mask to respiratory
health. The aim of this study was to determine the
prevalence of respiratory symptoms and their associated
factors, to compare the lung function with Malaysian
healthy population and to determine the contributing
factors to lung function among steel workers.

Material and Methods

The cross sectional study was in Terengganu, the
eastern region of Peninsular Malaysia. This 30-year old
factory is the only steel factory operating in the eastern
region during the study period. This steel factory
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employs more than 1000 workers at production line;
only 424 were recruited randomly using a stratified
random sampling. The strata were formed based on work
units. A sample from each stratum was based on these
criteria: Male, age from 18 to 56 years old and at least
one year duration of work. Ninety seven percent of them
completed the questionnaire.

Measurement of Respiratory Health

The subjects were interviewed using a modified
version of the British Medical Research Council
Questionnaire (BMRC) questionnaire translated into
Malay, was pre-tested and administered by interviewers
(MRC, 1966). The questionnaire was pertaining to the
respiratory symptoms, past medical history, smoking
status, occupational history, level of dustiness and
frequency usage of mask.

Chronic cough refers to cough symptoms for at
least three days a week for at least three months a year
for two consecutive years or more. Chronic phlegm
refers to phlegm production for at least three days a
week for at least three months a year for two
consecutive years or more. Chest tightness is defined
as discomfort or pain anywhere along the front of
body between the neck and upper abdomen and
shortness of breath as breathlessness when hurrying
on the level or walking up a slight incline.

Past respiratory illnesses are defined as any history
of respiratory diseases including bronchitis,
pneumonia, chronic bronchitis, emphysema, asthma,
pleurisies, pulmonary tuberculosis or any chest
operation confirmed by medical doctors and pasty
dusty occupations as past dust exposure for more than
two years before joining the company.

The following definitions of smoking were used:
Non-smokers never smoke any cigarette or tobacco in a
lifetime; ex-smokers were those who had stopped
smoking at least 6 months before testing and everybody
else were classified as being current smokers. The
subjects were grouped into non-current smokers and
current smokers using the current smoker variable
(yes/no). Lifetime cigarette consumption was coded and
analyzed as a continuous variable-cigarette equivalent
(packs per day multiplied by number of years smoked).
The frequency of wearing mask during the entire work
shift was divided into three levels corresponding to
often, seldom and always. Levels of dustiness were
based on working section (high or low exposure).

Lung function was measured with a spirometer
(Model Spirolab MIR). A total of 402 workers
performed spirometric testing in accordance to the
requirements of American Thoracic Society (ATS).
However, those who were unable to produce acceptable
spirograms meeting the American Thoracic Society
criteria (N = 22) were excluded from the analysis to
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enhance the valid contrast (ATS). Each subject was
asked to inhale deeply in standing position with the nose
clamped, blowing rapidly and completely as possible.
The procedure was explained and demonstrated to each
subject. At least three measurements were taken for each
subject. Only one best flow was recorded and printed.
Results were automatically corrected to body
temperature. Height and weight were recorded to the
nearest 0.5 cm and 0.5 kg, respectively.

Statistical Analysis

Data analyses were done using IBM Statistical
Package for Social Science (SPSS) version 20. One
sample #-test was used to compare mean of lung function
parameter to the healthy Malaysia standard (Singh et al.,
1993). Sample proportions were compared by chi square
test. Multiple linear Regression (MLR) analysis was
applied to identify the factors associated with lung
function values. The outcome variables analyzed were
Forced Vital Capacity (FVC), Forced Expiratory
Volume in One Second (FEV;) and %FEV,/FVC). The
significant level used for evaluating the test of
significance was set at p<0.05.

Ethical Considerations

This study was approved by the Research and Ethics
Committee, UKM Medical Center, reference number FF-
055-2013 dated on 6th February 2013. All data were
kept confidential throughout the study.

Results
Background of the Respondents

Four hundred and two male Malay steel workers
with mean age of 36.8 years + 8.81 were assessed.
Mean duration of employment was 12.2 years + 8.23
years of work. Forty percent of the workers were more
than 40 years old. Fifty four percent of the workers
were current smokers. Mean cigarette equivalent was
9.949.71 pack/years. Prior to joining this company,
5.2% had been exposed to occupationally dusty
environments and 4.2% had a history of respiratory
diseases. Majority of the workers (65.7%) did not
wear mask frequently during the working period.

Respiratory Symptoms

Symptoms were grouped into 4 main categories
namely chronic cough, chronic phlegm, chest
tightness and shortness of breath. These symptoms
were based on their experience in the last 12 months.
Chronic cough was the common symptoms (35.8%)
claimed by the workers, followed by chronic phlegm
(32.8%), chest of tightness (23.4%) and shortness of
breath (22.4%) (Fig. 1).
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Table 1. Relationship between each respiratory symptom with level of dustiness, age, duration of employment and smoking status

Respiratory symptom, n (%)

Factors YES NO P POR (95% CI)
Chronic cough

Level of dustiness

High 75 (38.1) 122 (61.9) 0.356 1.21

Low 69 (33.7) 136 (66.8) (0.79-1.85)

Age

>40 years 71 (43.3) 93 (56.7) 0.009* 1.73

<40 years 73 (30.7) 165 (69.3) (1.14-2.61)

Duration of employment

>10 years 83 (38.2) 134 (61.8) 0.272 1.26

<10 years 61 (33.0) 124 (67.0) (0.84-1.90)

Smoking

Current smokers 86 (39.4) 132 (60.6) 0.099 1.42

Non current smokers 58 (31.5) 126 (68.5) (0.94-2.14)

Chronic Phlegm

Level of dustiness

High 61(29.8) 144 (70.2) 0.18 1.33

Low 71 (36.0) 126 (64.0) (0.85-2.01)

Age

>40 years 60 (36.3) 104 (63.4) 0.184 1.33

<40 years 72 (30.3) 106 (69.7) (0.87-2.03)

Duration of employment

>10 years 81(37.3) 136 (62.7) 0.038* 1.56

<10 years 51(27.6) 134 (72.4) (1.02-2.39)

Smoking

Current smokers 61(33.2) 123 (66.8) 0.901 1.03

Non current smokers 71 (32.6) 147 (67.4) (0.84-1.23)
Chest tightness

Level of dustiness

High 50 (24.4) 155 (75.6) 0.626 1.12

Low 44 (22.3) 153 (77.7) (0.71-1.78)

Age

>40 years 44 (26.8) 120 (73.2) 0.175 1.38

<40 years 50 (21.0) 188 (79.0) (0.87-2.20)

Duration of employment

>10 years 53 (24.4) 164 (75.6) 0.593 1.14

<10 years 41 (22.2) 144 (77.8) (0.71-1.81)

Smoking

Current smokers 58 (26.6) 160 (73.4) 0.097 1.49

Non current smokers 36 (19.6) 148 (80.4) (0.93-2.39)
Shortness of breath

Level of dustiness

High 46 (22.4) 159 (77.6) 0.98 1.01

Low 44 (22.3) 153 (77.7) (0.63-1.61)

Age

>40 years 44 (26.8) 120 (73.2) 0.076 1.53

<40 years 46 (19.3) 192 (80.7) (0.96-2.45)

Duration of employment

>10 years 54 (24.9) 163 (75.1) 0.193 1.37

<10 years 36 (19.5) 149 (80.5) (0.85-2.21)

Smoking

Current smokers 59 (27.1) 159 (72.9) 0.014* 1.83

Non current smokers 31(16.8) 153 (83.2) (1.12-2.98)

POR: Prevalence odds ratio calculations (95% CI), * Significance at P or below than 0.05

Using a chi square test

Each of the respiratory symptoms was analyzed for any
relationship with age group, duration of employment,
smoking and level of dustiness by univariate analysis. It has
been revealed that age (POR = 1.73, p = 0.009) had a
significant relationship with chronic cough, duration of
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work (POR = 1.56, p = 0.038) had a relationship with
chronic phlegm, whereas smoking (POR = 1.83, p = 0.014)
was found significantly related to shortness of breath.
However, level of dustiness had no relationship with all of
the reported respiratory symptoms (Table 1).
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Table 2. The pattern of FEV, and FVC

Parameters Steel workers Malaysia healthy population Mean difference t-stat (df) p value

FEV, 291 3.11 -0.200 -8.61 (401) p<0.001*
FVC 3.45 3.49 -0.037 -1.42 (401) p=0.158
FEV/FVC (%) 84.34 89.11 -0.477 -17.20 (401) p<0.001*

*Significant at p<0.05, Using a Chi square test

Table 3. Predictors of lung function values in simple and multiple linear regression

Current smokers (N = 218)

Non smokers (N = 184)

Predictors SLR MLR SLR MLR
FEV, (Litre)

Constant - 2.776%* - 2.857%*

Age (year) -0.031%* -0.026** -0.031%* -0.024**

BMI (kg/ms?) -0.022%* -0.010* -0.015%* -0.015*

Duration of employment (year) -0.030%* NS -0.025%* NS

Cigarette equivalent (pack/year) * -0.276** -0.099* - -

Past dusty occupations (yes) -0.678 NS -0.452 NS

Past respiratory illnesses (yes) -0.128 NS -0.023 NS

Level of dustiness (grades) -0.005 NS -0.005 NS

Frequently wearing mask (yes) 0.096 NS 0.069 NS

R - 0.727 - 0.775
FVC (Litre)

Constant - 3.174 ** - 3.367%*

Age (year) -0.030%* -0.023** -0.034** -0.032%*

BMI (kg/ms?) -0.027** -0.014* -0.017* -0.017*

Duration of employment (year) -0.027** NS -0.028** NS

Cigarette equivalent (pack/year)? -0.326** NS - -

Past dusty occupations (yes) 0.200 NS -0.663 NS

Past respiratory illnesses (yes) -0.812 NS -0.155 NS

Level of dustiness (grades) -0.054* -0.047* -0.013 NS

Frequently wearing mask (yes) 0.156 0.123* 0.053 NS

R - 0.733 - 0.781

FEV/FVC (%)

Constant - 82.83*%* - 84.62%*

Age (year) -0.184** -0.144* -0.060* NS

BMI (kg/ms?) -0.010 NS -0.007 NS

Duration of employment (year) -0.225%* -0.214%* -0.042 NS

Cigarette equivalent (pack/year)? -0.091* NS - -

Past dusty occupations (yes) -0.122 NS -0.392 NS

Past respiratory illnesses (yes) -0.761 -0.956** -2.753* NS

Level of dustiness (grades) -1.050* NS -0.127 NS

Frequently wearing mask (yes) 1.166 NS 0.586 NS

R - 0.345 - 0.223

Abbreviations: BMI; Body Mass Index, NS, Not significant

SLR; Simple Linear Regression, MLR; Multiple Linear Regression, R Multiple correlation coefficient

*Logarithm transformation before analysis
*Significance at p<0.05, ** significance at p<0.01

Lung Function

Mean value for Forced Expiratory Volume in One
Second (FEV,) and Force Vital Capacity (FVC) was low
as compared to the value of healthy Malaysia population.
The difference of FEV; (p<0.001) and %FEV,/FVC
(p<0.001) were significant from value of observed
healthy population whereas mean for FVC was not
significant (p = 0.158) (Table 2).

The FEV,, FVC and %FEV,/FVC were further
analyzed to find out the association with demographic
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and occupational exposure according to smoking status
as presented in Table 3. As expected, age, height and
BMI were the important determinants of lung function
values. Results for smokers were different from those of
non-smokers. Level of dustiness was negatively
associated with both FVC and FEV,/FVC. However, no
effect was found for FEV,. Smoking effect was detected
on FEV| only. On the other hand, when restricted to non-
smokers, the effect of past respiratory illnesses
significantly reduced the %FEV /FVC.
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Fig. 1. The distribution of symptoms experienced by workers

Discussion
Respiratory Symptoms

Chronic cough appeared to be the most common
symptoms and was associated with age. Those who were
more than 40 years old have 1.7 times the risk of chronic
cough. The second most symptoms was chronic phlegm
and was associated with duration of work while the less
reported symptoms was shortness of breath and was
associated with smoking. Those who had worked for
more than 10 years are 1.6 times likely to report the
chronic phlegm. Current smokers have 1.8 times risk of
reporting shortness of breath as compared to non-
current smokers. However, chest of tightness was not
associated with all the factors. Similar findings were
reported by few researchers. Smokers have higher risk
of morning cough and morning phlegm (Razlan et al.,
2000). The older workers and those working for many
years have higher risk of reporting shortness of breath
and chest tightness, morning cough and morning
phlegm (Razlan et al., 2000; 2002; Nurul et al., 2014).
Level of dustiness was not associated with all the
reported respiratory symptoms. In contrast, some
researchers reported that air pollution in the workplace
was significantly associated with cough (Rafiei et al.,
2009) and reduced the respiratory function of the
workers (Nezhad and Siahkuhian, 2012).

High smoking prevalence (54.2%) was also likely to
explain the high prevalence of respiratory symptoms.
Earlier studies documented that smoking prevalence
among steel workers were 65.7% (Nurul et al., 2005)
and 65.0% (Azlihanis et al., 2006). Smoking was found
to be independently associated with shortness of breath.
Liou et al. (1996) documented no significant different in
the prevalence of respiratory symptoms between
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smokers and non-smokers, although respiratory
symptoms of cough and chronic phlegm appeared to be
higher among smokers. Kachel (2002) revealed a
significant relation of respiratory symptoms and
bronchial obstruction with smoking whereas current
smokers were more susceptible to the effects of
occupational exposure.

Current smokers appeared to be more susceptible to
the effects of occupational exposure. Garshick et al
(1996) reported that occupational exposure was
associated with chronic bronchitis and pulmonary
function, while effects of smoking on chronic bronchitis
and respiratory symptoms were usually additive. The
occurrence of respiratory symptoms may represent the
earlier response to dust exposure followed by lung
function changes. Early respiratory symptoms have been
suggested as risk factors for subsequent loss of pulmonary
function in steel workers (Abdel-Rasoul ef al., 2009;
Kayhan et al., 2013; Singh et al., 2013). Respiratory
symptoms reflecting airway inflammation resulting from
dust, even occurring early and reversibly, have a ‘lagged
effects’ on subsequent pulmonary function. The above
authors suggested that workers who developed
respiratory symptoms at the early stage are more
susceptible to subsequent pulmonary function loss.

Lung Function

The lung functions were significantly reduced but
FEV, and %FEV,/FVC were found to be significant
when compared to Malaysian healthy population
standard. Local researchers also found that working
population exposed to organic and inorganic dust, such
as rice millers (Razlan et al., 2000) and quarry workers
(Razlan et al., 2002) had lower lung functions as
compared to healthy population. Another studies were
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conducted in an automotive industry (Azlihanis et al.,
2007), textiles (Azlihanis et al., 2005) and rice mills
(Nurul et al., 2005) also documented decline of lung
function due to respiratory symptoms reported among
the studied population.

These studies, however, failed to reveal a clear
picture of obstructive and restrictive impairments and the
relationship with duration of exposure as suggested in
other studies. This might be due to the inadequate
findings of lung function abnormalities as chest x-ray
and radiological opacities were not examined. Large
range of duration of employment can provide significant
results for both pattern of lung function.

Duration of employment was associated with
decrease in all lung function indices and more
pronounced in %FEV/FVC. This finding was in line
with previous studies. Chen et al. (2006) reported that
increased duration of employment was associated with
significant  decrease of pulmonary function.
Ulvestad et al. (2001) revealed significant decrease in
FEV, and FVC related to years of exposure. Increasing
working years was also related to decreasing annual
decline in FEV, among silicon carbide industry workers
(Johnsen et al., 2013).

The multiple linear regression analysis of the lung
function values showed a clear dose-response effect for
level of dustiness in the smokers. The lower FEV,/FVC
in smokers was probably achieved at lower expiratory
volume in first second compared with its vital capacity.
There was an effect on cigarette smoking with increasing
cigarette equivalent was associated in reducing FEV, as
well as FVC. Chen et al. (2006) found a deteriorating
effect of respirable dust exposure on FVC% in current
smokers than those workers who did not smoke at all.
However, the effect of FEV;/FVC cannot be seen in
this model. Smoking was the strongest confounder in
all respiratory outcomes and it has been hard to
separate the specific effects of occupational exposures
from smoking effects among the populations. In
practice it is not often feasible to recruit sufficient
numbers of workers who are lifelong-workers.

Earlier studies reported various findings of lung
functions impairments among steel workers. Bala and
Tabaku (2010) found that COPD prevalence and its
symptoms were high and a strong correlation between
occupational area, air pollution and the possibility for
developing COPD. In another cross-sectional study,
exposure to dusts in steel workers has also been
strongly associated with reductions in FVC, FEV, and
FEV/FVC%. Significant decreases in FEV, and FVC
have been associated with increases in occupational
exposures to gases and fumes (Xu et al., 1992).
Gomes et al. (2001) reported that exposure to dusts are
strongly associated with reductions in Forced Vital
Capacity (FVC), FEV,; and %FEV,/FVC. Combined
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occupational exposures to dusts and gases and fumes
have been reported to reduce Peak Expiratory Flow rate
(PEF) (Pham et al., 1979; Wang et al., 1996).

Particles formed when the molten metal solidifies in
the air due to the temperature gradient outside the
furnace. Without proper protective equipment, these
particles are easily inhaled, reaching the alveoli and
damaging the respiratory function. Frequency of using
mask was found to have a positive relationship with
FVC. However, compliance to Personal Protective
Equipment (PPE) especially usage of mask was low and
being ignored, only 34.3% of workers were frequently
using mask during the working period. Therefore,
respiratory health hazard risk along with the other health
risks was quite obvious. It was also reported that they
have option for an over time of 3-4 h per day. These
revealed that these workers were exposed to hazardous
condition for 60-72 h per week without proper PPEs.
Adherence to the use of PPE can minimize the health
hazards by increasing life expectancy and productivity of
the workers (WHO, 2009).

Past respiratory illnesses increase the lung function
impairment independently from the effect of smoking.
Progression of disease may be caused by long term effect
of occupational exposure. Therefore, medical doctors
and health policy makers should handle the potential
causes and consequences of COPD as well as
introducing working ambient air-safety protection.

Limitation of the Study

This study was limited as it did not measure the
actual dust concentration. Dust sampling would differ on
an objective basis while the experience of the workers
would limit their ability to classify the exposure
correctly. Thus, dust exposure measurement especially
the respirable fraction needs to be assessed instead of
subjective indicators by questionnaire to detect a
respiratory ill effect. The composition of dust exposure
as well as particle size and concentration contributed
primarily to the effect.

The examinations (this study and most of the
previous investigations) were conducted at one point in
time on active workers during active employment.
Studies on currently employed workers might be
subjected to selection bias. The subjects who were
involved in this study might have suffered less from
their exposure (could be a result of better preventive
measures) than others who have left their employment,
some possibly for reasons of ill health sustained from
their job exposure. Ng and Chan (1992) included
retired workers as well as active workers found that
retired/resigned workers had higher prevalence of lung
abnormalities and also had lower mean of FEV, and
FVC after adjustment for age, height and pack-years of
cigarette had been done.
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Conclusion

Lung function test revealed some degree of
impairment as compared to healthy population and
smoking had an additive effect on respiratory health.
Encouragement of smoking cessation, occupational
health education to reduce the dust exposure and using
protective mask during working period and periodical
medical examinations are needed to reduce the
respiratory impairment. Further extensive
epidemiological and pathological studies among
studied population are strongly recommended for the
health and safety of the steel workers.
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