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ABSTRACT
Introduction: Noise-Induced Hearing Loss (NIHL) is one of the major occupational health concerns. Prolonged
exposure to high noise levels not only damages auditory function but also contributes to systemic physiological
disorders. This study employed the dual predictive and diagnostic capabilities of a Bayesian Network (BN) to explore
the complex interactions between causal factors of NIHL and the physiological outcomes of occupational noise
exposure.

Material and Methods: In this cross-sectional study, medical and environmental records of 828 petrochemical
workers were collected, including demographic, audiometric, noise, hematological, and biochemical variables. After
preprocessing, an inferential BN model was developed using the Bayesian Search algorithm, enabling both Forward
Inference (FI, predictive) and Backward Inference (BI, diagnostic) reasoning. Model performance was validated
through Receiver Operating Characteristic (ROC) curve analysis and sensitivity testing.

Results: The Fl results showed that exposure to SPL levels above 85 dB increased the risk of severe NIHL (warning level)
from 9% to 57%. Also, the probability of systolic hypertension, the FBS above 100 mg/dL, and the total cholesterol
above 200 mg/dL increased from 6%to10%, 8%to18%, 5% to 9% respectively. When multiple high-risk conditions
(e.g., high SPL, long work experience, noisy units) were combined, the probability of severe NIHL exceeded 70%,
accompanied by cumulative metabolic disturbances. Bl results indicated that the presence of severe NIHL significantly
increased the posterior probability of previous exposure to high or borderline SPL levels. Moreover, metabolic indices
such as triglycerides (TG) and fasting blood sugar (FBS) showed positive associations with noise exposure, even below
conventional action thresholds.

Conclusion: Bayesian networks provide a powerful framework for identifying and modeling direct and indirect
probabilistic dependencies between occupational noise exposure and health outcomes in industrial environments.
Their bidirectional inference ability (FI and BI) enhances predictive surveillance, early diagnosis, and the design of
evidence-based preventive strategies in occupational health management.

Keywords: Noise-induced hearing loss, Bayesian network, Petrochemical, Cholesterol, Blood pressure, Predictive and
diagnostic modeling.
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1. INTRODUCTION

Noise pollution has emerged as a growing global
concern mainly due to rapid industrialization,
urbanization, and expanding transportation
activities. Excessive sound exposure primarily
affects the auditory system but also exerts systemic
impacts on cardiovascular, metabolic, and
psychological health. Noise-Induced Hearing Loss
(NIHL) ranks as the second most common cause
of hearing impairment following presbycusis,
imposing a heavy socioeconomic and health
burden worldwide. According to the Global Burden
of Disease (GBD) 2019 report, approximately
1.57 billion people suffer from hearing loss, around
5% of the global population, with the majority
being adult males over the age of 50. Occupational
noise exposure remains the principal modifiable
cause, accounting for about 7-21% of total hearing
impairment cases globally.

Previous research has demonstrated that
chronic exposure to high levels of industrial
noise can provoke not only auditory damage
but also systemic physiological changes such as
elevated blood pressure, metabolic disorder, and
biochemical stress responses. However, most prior
studies have relied on conventional statistical
methods incapable of capturing nonlinear, multi-
factorial interactions between environmental,
physiological, and demographic variables. Only
a limited number of investigations have utilized
Bayesian Networks (BNs) to model the causal and
probabilistic mechanisms underpinning NIHL and
its correlates in real workplace health datasets.

To address this research gap, the present study
developedacomprehensive BN model using clinical,
physiological, biochemical, and occupational noise
exposure data from a petrochemical company in
southern Iran. The model aimed to:

(1) Identify causal dependencies between
occupational noise, demographic factors, and
health outcomes;

(2) Quantify both direct and indirect effects
of sound pressure levels (SPLs) on auditory and
metabolic health; and

(3) Enable dynamic risk assessment through
forward and backward inference to support
evidence-based occupational health management.

This project is regarded as one of the first
large-scale, data-driven BN applications within
the petrochemical industry that integrates noise,
auditory, physiological, and biochemical markers
simultaneously.
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2. MATERIAL AND METHODS
Study Design and Data Collection

A cross-sectional study was conducted in 2025
within a major petrochemical complex in southern
Iran. The dataset included 828 employees with
complete occupational health records. Extracted
features encompassed demographic characteristics
(age, gender, smoking status, work experience,
job unit), sound pressure levels (SPL) measured
at different units, audiometric thresholds (at
500-8000 Hz), blood pressure parameters, and
hematological and biochemical indices (fasting
blood sugar, triglycerides, cholesterol, hematocrit,
etc.).

Data Pre-Processing

Incomplete and irrelevant records were
removed. Key predictive variables were selected
based on prior scientific evidence and expert
consultation. Continuous variables were discretized
in the GeNIe BN software (version 5.0.R2)
using clinically meaningful thresholds to enable
probabilistic reasoning.

Structure Learning and Model Development
Initially, data-driven structure learning was
conducted using the Bayesian Search algorithm
in GeNle, allowing automatic identification of
conditional dependencies without predefined
assumptions. Experts in occupational health and
clinical medicine reviewed the automatically
generated network and refined it to ensure
interpretability, clinical relevance, and causal
plausibility. This hybrid approach—combining
data-driven  discovery = with  expert-guided
refinement—significantly improved the structural
validity and generalizability of the final BN model.

Inference and Analysis Framework

Two core types of inferential analysis were
implemented: (1) Forward Inference (FI/
Direct reasoning): Used to predict or update the
probability of outcomes (e.g., NIHL severity) given
known causes such as SPL intensity or chemical
exposure. (2) Backward Inference (BI/Reverse
reasoning): Used to infer probable causes (e.g.,
high SPL exposure) based on observed effects such
as severe hearing loss or metabolic abnormalities.
This two-way reasoning functionality provided a
foundation for Dynamic Risk Assessment (DRA),
enabling both predictive and diagnostic evaluation.
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Model Validation

Model precision, robustness, and discriminative
power were validated through Receiver Operating
Characteristic (ROC) curve analysis and sensitivity
analysis. ROC analysis assessed the model’s
accuracy in classifying severe NIHL (level 3).
Sensitivity analysis quantified the relative influence
of each input variable on NIHL occurrence.

3. RESULTS AND DISCUSSION
Descriptive Statistics
Themeanageofparticipantswas42.1 £ 5.2 years,
indicating a middle-aged workforce. Average
height and weight were 176.5cm and 84.6 kg,
respectively, corresponding to a mean Body Mass
Index (BMI) of 27.1, categorized as overweight
by WHO standards. The average blood pressure
(122/78 mm Hg) was clinically normal but
exhibited moderate variability, suggesting possible
subclinical cardiovascular stress. Audiometric
data revealed an elevated threshold (~19-20 dB)
at high frequencies (6000-8000 Hz) for both ears,
indicative of early-stage NIHL. High standard
deviations (e.g., SD = 15.7 dB at 8000 Hz) suggested
substantial inter-individual differences in hearing
impairment severity.

Forward Inference Analyses

In the unconditioned (prior) network, all
nodes represented baseline probabilities for the
general workforce. Upon conditioning the BN
with high SPL (> 85dB) as evidence, the model
showed a significant increase in the likelihood of
both auditory and systemic health abnormalities:
Probability of severe NIHL (level 3): rose from 9%
to over 70%. Probability of elevated blood pressure:
level 2 increased from 32% to 45%; level 3 from 8%
to 12%. Probability of high cholesterol: increased
from 5% to 8%.

These results emphasized the synergistic effect of
noise exposure combined with other occupational
risk factors (long work duration and specific noisy
units, e.g., unit D). The findings support existing
evidence linking chronic industrial noise with
not only auditory dysfunction but also secondary
metabolic dysregulation, likely mediated through
chronic stress pathways.

Backward Inference Analyses

Inverse reasoning provided valuable diagnostic
insights. When NIHL level 3 was set as evidence, the
estimated posterior probability of having worked

Journal of Health and Safety at Work 2026; 16(1)

in conditions with SPL > 85 dB increased from 4%
to 25%. Similarly, moderate noise exposure (80-
85 dB) rose from 10% to 25%.

Another inverse analysis conditioned on
metabolic abnormalities (elevated FBS >110 mg/
dL, triglycerides >200 mg/dL, and borderline
cholesterol ~ 200-240 mg/dL). Under these
constraints, the probability of high SPL exposure
(> 85 dB) increased from 4% to 8%, while that of
warning-level noise (80-85 dB) surged from 10%
to 56%. These results suggest that chronic
occupational noise may be associated with systemic
metabolic stress beyond auditory pathways and
that metabolic markers might serve as indirect
indicators of cumulative noise exposure.

Sensitivity Analysis

Sensitivity =~ results ranked the  most
influential factors affecting NIHL as (Mean
Influence Coefficient): Work Unit= 0.195, SPL
Level=0.114, Work Experience=0.090, Age=0.080,
Smoking=0.060, Gender=0.021, and Blood
Pressure & BMI= 0.010. The work unit and noise
intensity (SPL) were dominant predictors, followed
by cumulative exposure duration and age. These
results confirm the vital role of noise exposure in
hearing deterioration and underline the need for
targeted engineering and administrative controls
in high-noise units.

Scenario-Based Simulation

Scenario simulations revealed that minor
reductions in SPL yield substantial health benefits.
For example, a 5 dB reduction in mean SPL across
noisy units markedly decreased the joint risk of both
auditory and non-auditory disorders. This finding
supports proactive noise control interventions as
part of integrated occupational health management
strategies.

Model Performance

The ROC curve demonstrated strong
discriminatory power for classifying severe hearing
loss outcomes, confirming high model reliability.
Together with sensitivity and scenario analyses,
the model provided a robust framework for both
prediction and causal diagnosis of occupational
noise-related disorders.

4. CONCLUSIONS
This study demonstrated the -effectiveness
of Bayesian Networks in modeling complex
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multi-factorial relationships among occupational
noise exposure, auditory impairment (NIHL),
and systemic physiological health indicators in
industrial employees. The developed BN delivered
both high predictive accuracy and interpretable
causal insight, bridging empirical data and expert
domain knowledge.

The dual inference capability — forward
and backward reasoning — allowed the model
to function as both a predictive engine for risk
estimation and a diagnostic tool for identifying
hidden exposure patterns. Forward inference
confirmed that higher SPLs (>85 dB) significantly
increase therisk of severe hearingloss and metabolic
abnormalities such as elevated fasting glucose and
lipid levels. Backward inference revealed that the
presence of these effects could, in turn, trace back
probable high exposure conditions even when
noise records were unavailable or incomplete.

Sensitivity testing identified SPL level, work
unit, experience, and age as the most influential
factors for NIHL progression. The integrative
simulation results indicated that relatively modest
noise-control interventions (e.g., a 5dB SPL
reduction) can markedly lower the probability of
both hearing and systemic health impairments.

The proposed BN framework thus supports a
preventive and proactive strategy in occupational
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health risk management, extending beyond hearing
conservation to encompass broader physiological
monitoring. This approach enables informed
decision-making in industrial safety policy, aligns
with dynamic risk assessment (DRA) principles,
and emphasizes data-driven health surveillance
under uncertainty.
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ROC curve for NIHL_Level=L3 (AUC=0.920904)
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