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Abstract

Introduction: The work exposure conditions such as dust
concentration, exposure time, use of respiratory protection devices
and smoking status are effective to cause pulmonary function
disorder. The objective of this study was prediction of pulmonary
disorders in workers exposed to silica dust using artificial neural
networks and logistic regression.

Methods and Materials: A sample of 117 out of 150 workers
employed in the stone crushing workshops placed in Hamadan
province, in the west of Iran, was selected based on simple random
approach. Information about occupational exposure histories were
collected using a questionnaire. To assess the pulmonary disorder
status in the workers exposed to silica dust based on the spirometry
indices as well as the workers characteristics the prediction models
of artificial neural networks and logistic regression were employed
using the SPSS software version 16.

Results: Measurements of pulmonary function indices of the
studied workers showed that the indices for workers having
pulmonary disorder versus the others were statistically significant
(P <0.01). The results of the obtained models showed that the
artificial neural networks and the logistic regression had a high
performance for prediction of pulmonary disorder status. However,
the developed neural networks model had a better performance
than the logistic regression model in viewpoint of sensitivity,
specificity, kappa statistic and the area under ROC curve.
Conclusions:The neural networks prediction model was more
accurate compared with the logistic regression. In this regards, the
developed prediction model can be used as a helpful tool and
guideline by occupational health experts for evaluating workers
exposure conditions and determining the health priorities and
control measures in the stone crushing workshops.
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Introduction

Occupational diseases caused by long term
exposure to hazardous agents, are mostly
preventable and none-curable
(1).Accordingly, in order to implement
occupational  health ~ programs  and
interventions in workplaces, the risk of
occupational disorders should be
anticipated. Silicosis as a most important
work-related lung disease is caused by the
inhalation of silica dust. Reduction of the
lung function capacity will gradually appear
mainly affected by silica dust concentration,
exposure time, status of using respiratory
protective equipment and smoking (1). In
the stone crushing process, the workers have
exposure to abundant silica-containing dust
(2, 3). The study was conducted in Hamadan
stone crushing workshops, has shown that
the concentration of particles in workplaces
air are higher than recommended limit (4).

In several studies respiratory performance
test was performed to determine pulmonary
disorders and also pulmonary function
parameters including forced vital capacity
(FVC), forced expiratory volume timed
(FEVT) and forced expiratory volume in one
second fraction (FEV;). To determine the
influence of variables such as weight,
height, work experience, history of smoking
and education level on lung function indices,
multiple regression and logistic techniques
were used (5, 6, 7, 8, 9). Despite the
common use of logistic regression
technique, artificial neural network (ANNS)
is a new technique for predicting complex
phenomena, already widely used in basic
science, medicine and engineering (10).
These networks can be called electronic
models of human brains neural structure,
which have innate talent to store and to
apply empirical data. The ability to
determine the complex relations among
different variables and the capacity of using
multiple learning algorithms are its features
(10).

Despite the increasing use of neural network
techniques as a new approach in various
fields, few studies about occupational
medicine have used them. In the field of
occupational medicine, this technique has
been used to identify and classify job
pneumoconiosis outbreak based on the job
history (11). The relations between lung
function parameters and blood factors in
smoker welders were also analyzed using
neural network technique (12). As noted, in
the incidence of work-related lung disease,
several occupational and none-occupational
factors are effective that represent
complexity of incidence model of this
phenomenon. Due to the importance of
preventing work-related pulmonary
disorders, use of appropriate techniques for
predicting lung disorders in exposed
workers is necessary. Accordingly, this
study aims to predict the incidence of
pulmonary  complications in  workers
exposed to silica dust in terms of effective
variables including occupational exposure
conditions using artificial neural network.
Logistic regression technique was also
employed and its results were compared
with those of neural networks.

Methods and Materials

In this descriptive cross-sectional study,
117 of 150 permanent employees exposed
frequently to silica dust at different
workstations in Hamadan stone crashing
workshops, in the west of Iran, were
selected randomly. The results of lung
function test were extracted based on the
instruction of the American Thoracic
Society wusing spirometer (Vitalograph,
model Spirotrav Iv) (13). A questionnaire
was employed to assess the individual
characteristics, status of occupational
exposure of workers and pattern of
behaviors including smoking and using
status of respiratory protective equipment.
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These questionnaires were completed
through interview and observing the file of
annual periodic examination of workers in
consecutive years. For developing the
prediction model of pulmonary disorder,
definition of desired event included presence
or absence of pulmonary complication in
workers was conducted according to the
standard criteria based on lung function
parameters (14). To predict the status of
pulmonary disorders, artificial neural
network and logistic regression techniques
were employed.
Artificial neural networks consist of a
number of interconnected neurons which are
positioned in at least three layers, i.e. one
input layer of source neurons, at least one
hidden layer and an output layer of
computational neurons. Each neuron in the
hidden layer of the networks can generally
be considered as a simple processing
element taking one or more input(s) and
giving one and more output(s). In each
neuron, a related weight is assigned to an
input through which the power of each input
is adjusted. The neuron can, thereby,
combine all the inputs and calculates an
output, which is passed on. One can easily
propose the basic equations to express the
structure of typical artificial neural networks
as follows.

Yi = F(Zi )

Z; =iwixi +b;
()

D VX = WX, + WX, WoXg + o WX
i=1l

3)

Where xi, X2, and X, denote the measured
value for input variables, w;, w,, and w;, are
the weights, b; is the bias, y; is output
variable while Z; could be considered as any
used activation function.

Nonlinearity can be considered as the main
activation function of neural networks, the

most typical of which is sigmoid function
used as an activating one. Multilayer
perceptron, used in the present study, can be
regarded as the most widely accepted
structure of neural networks, applied to
model physical phenomena. Regarding the
interconnections within the neural networks
structure, feed forward networks, were
selected. In this study, training artificial
neural networks was performed based on the
supervised learning method using error back
propagation learning algorithm. Also, each
variable was normalized by subtracting from
its mean value and then dividing the result
by its standard deviation so as to have zero
mean value and unity variance for all
variables (10). In this study, 70% of data
were used for training the network and the
remaining 30% for testing validity of the
neural networks.

Logistic regression technique in the study
has relationship as follows.

b =1

09 (<5;) = 109 (222) =+ 32,
Where 7, is the probability of observation to
the first category of the response variable,
Xi, is independent or predictor variable and
Bi, is the regression coefficient.

The other advantages of the logistic
regression model are possibility to predict
every observation in relation to each
response variable levels and also feasibility
to direct calculation of odds ratios using
coefficients of model (15). In the prediction
models, response variable was pulmonary
disorder status whereas age, weight, height,
experience, smoking status, duration of
smoking, number of smoked cigarettes and
using status of respiratory protective
equipment were considered as predictor
variables. The neural networks model for
predicting the pulmonary disorder was
trained and validated using the SSPS 16
software. The activation functions in the
hidden and output layer were considered as
sigmoid type. Different structures of neural
networks were developed and the best
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networks were chosen using trial and error
in terms of the number of hidden layers and
their neurons. Finally, neural networks with
two hidden layers along with eleven neurons
were considered to be as the best structure of
prediction model that is shown in Fig 1.
Type of training was selected as online and
error function was considered as the error
sum of squares. Also, the logistic regression
model with the same number of variables for
predicting the target variable was fitted
using SPSS 16 software.

To compare the performance of logistic
regression and neural network models to
predict the status of pulmonary disorder, the
area under the receiver operating
characteristic (ROC) curve was used as an
evaluation criterion of predicting models.
This curve shows the sensitivity versus one
minus the specificity. The area under the
curve is between zero and one. Whenever,
the value is closer to one, the ability of the
prediction model is greater. Note that, the
results of the logistic regression model was
investigated based on different cutoff point,
and the final result has been reported, based
on the best specified cutoff point value
(m=0.37).

Results

The results of descriptive statistics of
demographic  characteristics and work
experience of workers employed in stone

crushing workshops, showed that the mean
and standard deviation (SD) of workers age
was equal to 29.9 £ 9.5 years, weight was
equal to 68.5 +10.6 kg and length was equal
to 174.6 £7.2 cm. Also, the mean and
standard deviation of work experience was
3.3+ 2.1 years, smoking history was 2.22
+6.35 years and daily number of consumed
cigarettes was equal to 154 =+ 3.73
cigarettes. The results showed that
approximately 23% of the studied workers
were smokers and 57% of the workers were
not using protective equipments. The results
of pulmonary function indices of workers
based on presence or absence of pulmonary
disorders are shown in Table 1.
Accordingly, it was observed, that the
difference between pulmonary function
indices in workers with pulmonary disorders
compared to healthy workers was
statistically significant. The results of
logistic regression model were presented in
Table 2. The results of pulmonary disorder
prediction among workers using neural
networks and logistic regression models
were presented in Table 3 and the Results of
the performance of neural network
compared to logistic regression techniques
in the terms of sensitivity, specificity, area
under the ROC curve and Kappa statistics
criteria were presented in Table 4.

Table 1: The results of pulmonary function indices in workers employed in stone crushing workshops

Index  with pulmonary disorder

Mean and SD(%) Min(%) Max(%)
FvC 80.84+8.26 64.3 96.5
FEV, 71.78+6.12 59.6 88
FEV1% 89+10.13 71.6 119

Without pulmonary disorder P-value
Mean and SD (%) Min(%) Max (%)
97.61+11 81.3 137.2 <0.01
94.38+10.24 80.5 1235 <0.01
96.82+7.44 78.4 114 <0.01

Jundishapur Journal of Health Sciences, Vol.5, Serial No.2, Summer 2013



145 Maryam Farhadian et al.

Table 2: The results of logistic regression model

Variables B Exp(B) S.E P-value
Age -0.089 0915 0.058 0.126
Weight 0.001 1.001 0.03 0.96
Length 0.034 1.034 0.042 0.429
Work experience 0.11 1117 0.139 0.429
Smoking status (Yes-No") 1.406 4.08 0.61 0.021
Daily number of consumed cigarettes 0.055 1.05 0.084 051
Smoking history(Years) 0.14 1.15 0.088 0.113
Using protective equipments(Yes-No") -1.259 0.275 0.575 0.029

* Reference category

Table 3: Classification of workers based on neural networks and logistic regression

predictions
Type of prediction model Pulmonary disorder in real conditions
With pulmonary disorder Without pulmonary disorder
Logistic regression With pulmonary disorder 21 3
Without pulmonary disorder 16 77
Neural networks With pulmonary disorder 24 1
Without pulmonary disorder 13 79

Table 4: The criteria of sensitivity, specificity, area under the ROC curve and Kappa
statistics for neural networks and logistic regression models

Type of model Sensitivity Specificity Kappa statistics Area under the ROC curve
Logistic regression 0.962 0567 0.585 0.765
Neural networks 0.99 0.65 0.697 0.818
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Figl: The structure of the developed neural network for predicting pulmonary disorder

Discussion

More accurate predictions model for
occupational disorders can be considered as
a valid basis for planning and implementing
healthy programs in order to treat workers
exposure conditions. Therefore, highly
accurate prediction models are necessary.
The result confirmed that the neural
networks and the logistic regression have
acceptable performance to predict the
complex phenomena such as the lung
disorders in the workers exposed to harmful
pollutants. The developed neural networks
model has more appropriate performance
compared with the logistic regression to
predict pulmonary disorder in terms of the
sensitivity, specificity, Kappa statistic and
area under the ROC curve. Similar results
was found in relation to classification of
occupational pneumoconiosis based on the
job descriptions and using neural networks
compared with logistic regression (11).
Studies performed in the medical field using
neural network technique, with similar

nature of phenomena, have been
recommended using the neural networks
technigue  compared  with  statistical
techniques included predicting metabolic
syndrome by Sadahi et al and predicting
unwanted pregnancies by Hashemi et al
(16,17,18). The limitations of this study in
relation to the artificial neural networks
included the need to user skill, spending
long time for development of model
structure and trial and error functions for
improvement  of  prediction  model.
However, one of the main features of the
artificial neural networks compared with
classical models is no need for specific
function as default. Moreover, artificial
neural networks have the ability to identify
complex and non-linear relationships
between predictor and response variables
through the hidden layers (10). It is noted
that for achieving more credible models
based on empirical data — driven techniques
such as neural networks, is necessary to
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gather the adequate and reliable data on the
features affecting the phenomenon. In this
regard, application domain of the developed
model can be increased. If the new
observation for prediction isn't in the
domain of trained data used for model
development, the target feature won’t
predict with an expected accuracy. The
developed neural network model could
accurately predict pulmonary disorder in
workers exposed to silica dust based on job
and behavior conditions of workers like
smoking and using status of pulmonary
protective equipments. Therefore, this model
can be used by occupational health experts
for evaluating exposure conditions of
different workers in the stone crushing
workplaces. Due to the frequent non
curability of pulmonary disorders, results of
predictions can be used for developing or
improving preventive health programs.

Conclusions

The neural networks prediction model was
more accurate compared to the logistic
regression. In this regards, the developed
prediction model can be used as a helpful
tool for occupational health experts to
evaluate the workers health status.
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