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INTRODUCTION 

Occupational respiratory disorders continue to pose a 

major challenge to global public health systems. World 

Health Organization (WHO), International Labour 

Organization (ILO), and National Institute for 

Occupational Safety and Health (NIOSH) have jointly 

advanced occupational health and safety through 

systematic reviews and surveys.1 WHO’s estimated health 

workforce shortage decreased.2 According to international 

estimates, millions of workers are exposed daily to 

airborne hazards capable of causing acute and chronic 

respiratory disease.3 Despite decades of regulatory 

progress, occupational lung diseases remain 

underdiagnosed and underreported, particularly in regions 

with limited occupational health infrastructure.4,5 This 

review provides a comprehensive synthesis of global 

evidence, emphasizing exposure patterns, disease 

mechanisms, preventive strategies, and innovations aimed 

at reducing occupational respiratory risk.2 

GLOBAL OCCUPATIONAL EXPOSURE 

PATTERNS 

Workplace exposure to respiratory hazards varies 

considerably by industry, occupation, and geographic 

region. Mining and quarrying are characterized by high 

levels of respirable crystalline silica and coal dust.6 A 
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ABSTRACT 

Occupational respiratory disorders remain a significant global public health burden due to continuous exposure to 

airborne hazards across various industries. This narrative review synthesizes global exposure patterns, surveillance 

systems, preventive strategies, intervention effectiveness, and emerging innovations in occupational respiratory health. 

A comprehensive narrative review was conducted using peer-reviewed literature and reports from international 

organizations, including the World Health Organization (WHO), International Labour Organization (ILO), National 

Institute for Occupational Safety and Health (NIOSH), and European Agency for Safety and Health at Work (EU-

OSHA). Mining, construction, agriculture, and manufacturing industries exhibit the highest exposure risks. Surveillance 

and preventive measures vary substantially across income regions, with high-income countries adopting advanced 

monitoring and engineering controls. Emerging technologies, such as wearable sensors and artificial intelligence, are 

increasingly integrated into occupational health systems. Occupational respiratory diseases are largely preventable 

through enhanced surveillance, exposure control strategies, worker education, and technological innovations. 

Strengthening global occupational health systems is essential to reducing the burden of respiratory morbidity and 

mortality. 
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disproportionately large work-related burden of disease is 

observed in the WHO African region (for DALY), South-

East Asia region, and the Western Pacific region (for 

deaths), males, and older age groups.7 Construction 

workers encounter silica, asbestos in older structures, and 

diesel exhaust. Agricultural workers are exposed to 

organic dusts, endotoxins, pesticides, and animal 

allergens.5 Current and former farmers represent 63.9% of 

the rural cohort but account for 88.1% of those with high 

VGDF exposure in their last job.8  

This indicates that associations between respiratory health 

and high VGDF exposure may predominantly stem from 

farming activities, highlighting the need to investigate 

exposure-response relations in both experienced and 

inexperienced farmers. Manufacturing workers may be 

exposed to metal fumes, solvents, isocyanates, and other 

chemical sensitizers.  

Several studies have reported stronger exposure–disease 

associations in women, potentially due to biological 

susceptibility or lower exposure thresholds. 

Rural residents demonstrated higher occupational 

exposure levels compared to urban populations, even 

among individuals without farming experience. This 

distribution enables future investigation of exposure–

response relationships between VGDF exposure and 

obstructive respiratory outcomes such as chronic 

bronchitis and airflow limitation. Cumulative exposure 

over time remains the most important determinant of 

chronic respiratory disease development.6,8  

These findings highlight the urgent need for targeted 

preventive interventions and policy enforcement in high-

risk industries. The provision of personal protective 

equipment and improvement of working environments by 

the government, industry owners, and other stakeholders 

are crucial in reducing occupational respiratory symptoms. 

Additionally, prioritizing occupational health and safety 

training for industry workers can help prevent and mitigate 

the impact of occupational respiratory diseases. 

Table 1: Major occupational airborne exposures and 

associated respiratory outcomes. 

Exposure 

agent 

Primary 

industries 

Associated 

respiratory 

outcomes 

Crystalline 

silica 

Mining, 

construction 

Silicosis, COPD, 

lung cancer 

Coal dust Coal mining 
Coal workers’ 

pneumoconiosis 

Asbestos 
Construction, 

shipyards 

Asbestosis, 

mesothelioma 

Organic dust Agriculture 
Hypersensitivity 

pneumonitis 

Isocyanates Manufacturing 
Occupational 

asthma 

MAJOR OCCUPATIONAL RESPIRATORY 

DISORDERS 

Occupational respiratory disorders encompass a broad 

spectrum of diseases, ranging from non-malignant 

conditions such as pneumoconiosis and occupational 

asthma to malignant diseases including lung cancer and 

mesothelioma.6 Occupational airborne exposure was 

weakly related to the incidence of respiratory disorders 

when assessed by JEM. Silicosis remains a global concern 

due to continued silica exposure in both formal and 

informal sectors.6,7 Coal workers’ pneumoconiosis is still 

a major concern in industrially developing countries and in 

some long-industrialized countries.6 Occupational asthma 

is among the most frequently reported work-related 

respiratory diseases in surveillance systems.4 A large and 

bewildering variety of occupational agents have been 

reported as potential antigens in hypersensitivity 

pneumonitis, and new occupational agents continue to be 

identified.6 The epidemiological evidence supporting the 

occupational contribution of exposure to a wide variety of 

workplace dusts, fumes, or gases to the causation of COPD 

continues to accrue.6,8 The risk of pneumococcal infection 

is increased in welders and probably others with 

occupational exposure to metal fumes; the risk could 

extend to other respiratory infections.6 Many occupational 

respiratory diseases are irreversible, highlighting the 

critical importance of prevention.6,9 

 

Figure 1: Pathophysiological pathways linking 

occupational exposure to respiratory disease. 

SCREENING AND SURVEILLANCE SYSTEMS 

Effective surveillance systems are essential for early 

detection and prevention of occupational respiratory 

disorders.4,5 Screening typically involves periodic health 

examinations, spirometry, chest imaging, and symptom 

questionnaires.5 High-income countries often maintain 

mandatory disease registries, whereas surveillance in 

many low- and middle-income countries remains 

fragmented or absent. Digital surveillance platforms are 

increasingly being adopted to improve data quality.10 

Surveillance of respiratory health shows inconsistencies 

across respiratory disease categories, with different 

methods and intervals by workplace sector. Frequently 

used instruments consist of a respiratory survey, 

pulmonary function assessments, imaging studies, 
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immune biomarkers, and signs of airway inflammation. 

The majority of questionnaires are based on altered 

formats of BMRCQ, CDPH/ATS, IUATLD, or 

NHANESII. Although they are commonly used, issues 

regarding reliability, sensitivity, and specificity have been 

highlighted, and additional standardization and validation 

against health outcomes are necessary. Differences in 

employee oversight after surveillance breakdowns vary 

across companies and sectors.9 

Although lung function indicators, specifically FEV1 and 

FVC, are commonly utilized in health monitoring, 

uncertainties persist about determining abnormality 

thresholds, particularly for younger employees.8 

Suggested solutions involve applying designated 

percentiles instead of a constant FEV1/FVC threshold of 

0.7. The longitudinal analysis of FEV1 reduction 

necessitates additional research; tools such as SPIROLA 

may assist in interpreting data. Crucial benchmarks for 

referring patients to specialists must be set, and enhancing 

spirometry precision is vital to detecting early 

occupational respiratory conditions. 

While some studies challenge the significance of lung 

function in monitoring, reliable evidence backs its 

incorporation with questionnaires as objective 

assessments.11 Tests such as bronchial hyper-

responsiveness are not as well-defined. Currently, the 

regular use of exhaled nitric oxide (eNO) in health 

monitoring is not advised, although upcoming research 

may shed light on its possible advantages. 

Standard chest X-rays are not recommended beyond 

particular high-risk sectors, emphasizing the necessity for 

more non-invasive but effective methods. Immunological 

indicators demonstrate potential in specific situations, like 

platinum refining. Mathematical models are being 

developed to improve predictions of workers' risks for 

sensitization and disease advancement. Significantly, the 

review faced constraints, likely omitting pertinent studies, 

and concentrated primarily on respiratory health 

monitoring rather than on broader occupational disease 

causes. 

Table 2: Comparison of occupational respiratory 

surveillance systems by region. 

Region 
Surveillance 

coverage 

Reporting 

mechanism 
Limitations 

High-

income 
Comprehensive 

Mandatory 

registries 

Latency of 

disease 

Middle-

income 
Partial 

Mixed 

reporting 

Under-

reporting 

Low-

income 
Limited 

Passive 

reporting 

Lack of 

infrastructure 

Evidence supports integrating lung function testing with 

structured questionnaires for improved detection.5,12 

Prevention frameworks emphasize early detection and 

hazard removal.9 Surveillance coverage differs 

substantially by income level and infrastructure 

capacity.2,4 

PREVENTION AND CONTROL STRATEGIES 

Prevention of occupational respiratory disorders follows 

the hierarchy of controls, prioritizing elimination and 

substitution of hazardous agents, followed by engineering 

controls such as local exhaust ventilation. Administrative 

controls and personal protective equipment serve as 

supplementary measures. Evidence consistently 

demonstrates that reliance on PPE alone is insufficient 

without upstream controls.9 

Occupational lung diseases include pneumoconioses, 

nonspecific airway diseases, hypersensitivity pneumonitis, 

toxic gas inhalation disorders, byssinosis, and 

occupational asthma. Accurate estimation of the burden of 

occupational respiratory diseases remains challenging due 

to limited surveillance data and underreporting. 

Strengthening regulatory frameworks and ensuring 

compliance with occupational exposure limits could 

substantially reduce the incidence of work-related 

respiratory disorders.13 

Primary prevention strategies focus on eliminating or 

substituting hazardous agents and implementing 

engineering controls. Secondary prevention includes 

health surveillance programs aimed at early disease 

detection and intervention. Worker education and training 

are essential components of occupational health programs 

to promote safe practices and reduce exposure risks. 

Employers should implement dust control measures, 

including ventilation systems and process modifications, 

to reduce exposure to silica and coal dust. Occupational 

asthma prevention remains challenging, particularly in 

small enterprises with limited occupational health 

infrastructure. Establishing specialized referral systems for 

occupational asthma diagnosis and management is 

recommended. Additionally, worker education on 

smoking cessation and chemical exposure risks is crucial, 

as smoking can exacerbate occupational respiratory 

diseases. 

Further research is required to quantify exposure levels, 

characterize dose–response relationships, and develop 

effective mitigation strategies for occupational airborne 

hazards. Further research is required to quantify 

occupational exposure levels and develop effective 

mitigation strategies for airborne contaminants. 

Longitudinal cohort studies are necessary to evaluate the 

long-term health effects of occupational airborne 

exposures. Longitudinal cohort studies are necessary to 

elucidate the long-term health effects of occupational 

airborne exposures. 

Additional studies are required to investigate the etiology 

and prevention of byssinosis. Existing data on 
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occupational exposure are often outdated or inconsistent, 

limiting accurate risk assessment. Emerging materials, 

such as fibrous glass and mineral wool, warrant further 

investigation due to potential respiratory health risks.13 

Continuous research is required to quantify exposure 

levels and evaluate long-term health outcomes associated 

with novel industrial materials. 

In conclusion, comprehensive multifaceted approaches 

involving regulation, education, research, and surveillance 

are critical to mitigating occupational lung diseases and 

protecting worker health. Addressing these challenges will 

require concerted efforts across multiple sectors to 

establish safer working environments and improve 

respiratory health outcomes. 

Table 3: Hierarchy of controls applied to respiratory 

hazards. 

Control level Examples 
Effective-

ness 

Elimination/ 

substitution 
Process change Very high 

Engineering 
Ventilation, 

enclosure 
High 

Administrative Work rotation Moderate 

PPE Respirators Variable 

EFFECTIVENESS OF OCCUPATIONAL HEALTH 

AND SAFETY INTERVENTIONS 

Multicomponent occupational health and safety 

interventions have been shown to reduce exposure levels, 

improve respiratory symptoms, and lower disease 

incidence. Engineering controls provide the most 

sustained benefits, while training and education enhance 

compliance. Economic evaluations suggest that preventive 

interventions are cost-effective when considering reduced 

healthcare costs and productivity losses. 

OHS training positively influences worker behaviours, 

contributing to safer practices.13 However, the evidence 

regarding its impact on health outcomes, such as 

reductions in symptoms or illnesses, is insufficient. The 

review suggests that although substantial health 

improvements should not be anticipated solely from OHS 

training, continued delivery of such training is 

recommended due to its positive effects on worker 

practices. Additionally, the review investigated whether 

higher engagement training methods (involving interactive 

approaches like simulations) have a greater effect than 

lower engagement methods (such as lectures). While 

training is essential in fostering OHS competencies like 

hazard recognition and control, the effectiveness of 

various training methods requires further examination. 

Seventeen studies targeting employee health behaviours 

assessed various outcomes, including tobacco use, weight 

management, and chronic disease incidence. Nine studies 

reported favourable effects, while three indicated mixed 

results, and two showed no effects. Four integrated 

interventions focused on injury prevention related to 

musculoskeletal disorders (MSDs), with mixed outcomes 

on MSD prevalence. Three studies evaluated 

organizational health/safety (OHS) management, with 

improvements in some safety climate aspects but not all. 

Four high-quality studies indicated positive effects on the 

psychosocial work environment, improving job quality, 

reducing occupational stress, and depression symptoms.13 

Nine studies regarding cost-related outcomes were 

inconclusive, with five reporting favourable effects on 

absenteeism. Two studies comparing integrated health 

promotion (HP) with standard HP revealed better 

participation and smoking cessation rates in integrated 

settings, while other outcomes, like BMI, showed no 

additional benefits from intensive interventions. 

COMPARATIVE GLOBAL ANALYSIS OF 

EXPOSURE CONTROL STRATEGIES AND 

INNOVATIONS 

Marked disparities exist between countries and regions in 

their capacity to control occupational respiratory 

hazards.2,4 High-income regions typically enforce 

stringent exposure limits and invest in advanced 

monitoring technologies. Middle-income regions 

demonstrate uneven implementation, while low-income 

regions often lack regulatory enforcement.1,2 International 

frameworks aim to harmonize standards, but contextual 

adaptation remains necessary. 

EMERGING INNOVATIONS IN OCCUPATIONAL 

RESPIRATORY HEALTH 

Technological innovations are transforming occupational 

respiratory health. Wearable sensors enable real-time 

exposure monitoring, while artificial intelligence supports 

predictive risk modeling. Incorporating AI in occupational 

health and safety provides advantages like improved safety 

and productivity via predictive maintenance and 

immediate risk evaluation.10 Nonetheless, disadvantages 

encompass ethical issues, data privacy matters, and the 

necessity for regulatory adherence. Work organizations 

need to reconcile innovation with honoring workers’ 

rights, investing in employee education, developing AI 

skills, and partnering with solution providers to effectively 

create a safe environment that merges AI with human 

creativity. Smart personal protective equipment and digital 

health platforms improve compliance and data integration. 

However, equitable access to these technologies remains a 

challenge. 

The suggested maturity model (MM) stresses the 

incorporation of occupational health and safety (OHS) 

with Industry 4.0 technologies to improve worker safety.14 

This combination utilizes big data, AI, IoT, and robotics to 

enhance risk detection, accident avoidance, and 

operational effectiveness. Real-time data analysis allows 

for hazard identification and behavior tracking via 

wearables, whereas automation minimizes worker 
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exposure to dangers. The MM evaluates organizational 

maturity in accordance with ISO 45001 standards, offering 

a systematic framework for safety adaptation in evolving 

environments. Important contributions consist of a 

versatile evaluation instrument for maturity assessment, 

the connection of maturity criteria with Industry 4.0 

principles, and emphasis on both operational and 

behavioral aspects of leadership.14 Future studies might 

investigate wider uses and improvements of the model. 

Table 4: Global comparison of occupational respiratory exposure control and innovation. 

Region Exposure limits Control measures Surveillance strength Innovations 

High-income Strict Engineering-focused Strong AI, wearables 

Middle-income Moderate Mixed controls Moderate Digital pilots 

Low-income Weak PPE-based Limited Emerging tools 

Global frameworks Guideline-based Best practices Variable Knowledge platforms 

 

Figure 2: Global disparities in occupational 

respiratory risk and control capacity. 

Technologies such as building information modeling 

(BIM), radio frequency identification (RFID), and 

augmented reality (AR) are recognized for their efficiency 

in sectors like construction. Therefore, incorporating these 

technologies is essential for enhancing workplace health 

and safety standards across different sectors. 

The combination of AI and wearable technologies is a 

significant trend in ergonomic research, providing 

enhanced and immediate posture tracking across diverse 

work settings.10 Recent studies show that these 

technologies not only enable the early identification of 

high-risk postures but also offer feedback that can enhance 

ergonomics practices in real-time. AI-driven tools 

specifically facilitate more objective and scalable 

ergonomic evaluations, making them ideal for larger 

workplaces where manual posture observation might be 

unfeasible. Wearable technology and exoskeletons provide 

assistance for risky activities, greatly minimizing workers' 

physical stress and improving overall safety and 

efficiency. 

Artificial intelligence technologies offer considerable 

benefits in algorithm-driven chest X-ray (CXR) 

assessment for developing nations, tackling the shortage of 

specialized radiologists. AI techniques aid in identifying 

occupational lung diseases from chest X-rays and are 

essential in assessing compensation claims for workers 

exposed to dust, minimizing delays caused by uncertain 

diagnoses such as silicosis. Recent developments, 

including the TBFE, indicate encouraging results in the 

detection of pneumoconiosis at early stages. As 

pneumoconiosis re-emerges in the U.S. and Australia, 

improved AI integration is crucial.10,14 

 

Figure 3: Emerging technologies in occupational 

respiratory health. 

Through the examination of employee data and 

environmental factors, AI promotes anticipatory risk 

management, enabling organizations to alleviate hazards 

and enforce safety protocols efficiently, which ultimately 

decreases workplace injuries and enhances the health and 

safety of workers.  

ROLE OF HEALTHCARE PROFESSIONALS 

Healthcare professionals play a central role in the early 

detection, reporting, and management of occupational 

respiratory disorders.3,5 Multidisciplinary collaboration 

among physicians, nurses, industrial hygienists, and 

pharmacists enhances prevention and continuity of care. 

They identify hazards, provide clinical care, and 

implement preventive measures to protect employees. 

Occupational health physicians and nurses conduct pre-

employment exams, health surveillance, and return-to-
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work assessments while focusing on illness, injury 

management, and health promotion.15 

Industrial hygienists specialize in controlling chemical, 

biological, and physical exposures to prevent chronic 

diseases. 

Safety professionals enforce PPE use, conduct training, 

perform risk assessments, and ensure compliance with 

standards like infection control and emergency 

preparedness.16 

In healthcare settings, they safeguard staff from biological 

risks, ergonomics issues, and psychosocial hazards, 

enhancing patient safety and system resilience. 

These roles reduce accidents, support training on risks, and 

foster a safety culture through audits and policy advice.16 

CHALLENGES AND FUTURE DIRECTIONS 

Persistent challenges include underreporting, long disease 

latency, informal employment, and limited access to 

occupational health services.1,2,17 Future directions should 

focus on strengthening surveillance, improving regulatory 

enforcement, and promoting international collaboration. 

Major obstacles in OHS management include inadequate 

infrastructure, limited availability of personal protective 

equipment, insufficient training programs, and weak 

regulatory enforcement. Healthcare workers indicated 

significant exposure to biological, chemical, and physical 

risks, worsened by insufficient institutional backing. 

Private sector establishments showed marginally 

improved resource availability but encountered similar 

regulatory shortcomings.17 

Despite technical advances, several barriers to global 

occupational health remain. 

Lack of standardization 

There is a pressing need for uniform ergonomic standards 

across different industries (especially agriculture and 

healthcare).4 

Adaptability 

Future research must ensure that solutions are adaptable to 

diverse populations and specific task requirements. 

Implementation 

Moving from research to industry-wide adoption is the 

next critical step for practitioners.2 

CONCLUSION  

Occupational respiratory disorders remain a significant yet 

largely preventable global public health burden. 

Strengthening surveillance systems, enforcing 

occupational exposure regulations, promoting worker 

education, and integrating emerging digital technologies 

are critical to reducing morbidity and mortality. Future 

research should prioritize longitudinal exposure 

assessment, standardized global surveillance frameworks, 

and equitable implementation of innovative occupational 

health technologies. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 

REFERENCES 

1. Driscoll T, Turner MC, Villeneuve PJ, Scheepers PTJ, 

Schlünssen V, Cao B, et al. The WHO/ILO joint 

estimates approach to occupational risk factor and 

burden of disease estimation: providing actionable 

evidence with impact across sectors in countries. Ann 

Work Expo Health. 2025;69(3):337-43. 

2. McIsaac M, Buchan J, Abu-Agla A, Kawar R, 

Campbell J. Global strategy on human resources for 

health: workforce 2030—a five-year check-in. Hum 

Resour Health. 2024;22(1):64. 

3. Steege AL, Boiano JM, Sweeney MH. NIOSH health 

and safety practices survey of healthcare workers: 

training and awareness of employer safety procedures. 

Am J Ind Med. 2014;57(6):640-52.  

4. Cullinan P, Muñoz X, Suojalehto H, Agius R, Jindal 

S, Sigsgaard T, et al. Occupational lung diseases: from 

old and novel exposures to effective preventive 

strategies. Lancet Respir Med. 2017;5(5):445-55.  

5. Lewis L, Fishwick D. Health surveillance for 

occupational respiratory disease. Occup Med (Lond). 

2013;63(5):322-34.  

6. Balmes JR. Occupational respiratory diseases. Prim 

Care. 2000;27(4):1009-37. 

7. Pega F, Hamzaoui H, Náfrádi B, Momen NC. Global, 

regional and national burden of disease attributable to 

occupational risk factors. Scand J Work Environ 

Health. 2022;48(2):158-68. 

8. Skorge TD, Eagan TM, Eide GE, Gulsvik A, Bakke 

PS. Occupational exposure and incidence of 

respiratory disorders. Scand J Work Environ Health. 

2009;35(6):454-61.  

9. Bates DV, Gotsch AR, Brooks S, Landrigane PJ, 

Hankinson JL, Merchant JA, et al. Prevention of 

occupational lung disease. Chest. 1992;102(3 

Suppl):2S-7S.  

10. Flor-Unda O, Fuentes M, Dávila D, Rivera M, Llano 

G, Izurieta C, Acosta-Vargas P. Innovative 

technologies for occupational health and safety: a 

scoping review. Safety. 2023;9(2):35.  

11. Gordon SB, Curran AD, Murphy J, Sillitoe C, Lee G, 

Wiley K, et al. Screening questionnaires for bakers’ 

asthma. Occup Med (Lond). 1997;47(6):361-6. 

12. Yates DH. Physiology and biomarkers for surveillance 

of occupational lung disease. Semin Respir Crit Care 

Med. 2023;44(3):349-61.  



Filander KN et al. Int J Basic Clin Pharmacol. 2026 May;15(3):xxx-xxx 

                                  International Journal of Basic & Clinical Pharmacology | May-June 2026 | Vol 15 | Issue 3    Page 7 

13. Robson LS, Stephenson CM, Schulte PA, Amick BC 

3rd, Irvin EL, Eggerth DE, et al. A systematic review 

of the effectiveness of occupational health and safety 

training. Scand J Work Environ Health. 

2012;38(3):193-208. 

14. Kusma VV, Gerônimo BM, Zola FC, Aragao FV, 

Chiroli DMG, Kovaleski JL. Maturity model of 

occupational safety and health in Industry 4.0. J Safety 

Sustain. 2024;1(4):234-46. 

15. Institute of Medicine (US). Safe work in the 21st 

century: education and training needs for the next 

decade's occupational safety and health personnel. 

Washington (DC): National Academies Press. 2000. 

16. Ozturk H, Babacan E. The occupational safety of 

health professionals working at community and family 

health centers. Iran Red Crescent Med J. 

2014;16(10):e16115. 

17. Kelmendi AX, Rugova N, Donev D. Challenges of 

Occupational Health and Safety Management in 

Healthcare Institutions in Kosovo. Mater Sociomed. 

2024;36(2):149-54. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cite this article as: Filander KN, Julliyan DA, 

Naveena B, Abinaya S, Sheeba S. Occupational 

respiratory disorders: global exposure patterns, 

surveillance, preventive strategies, intervention, 

effectiveness, and emerging innovations. Int J Basic 

Clin Pharmacol 2026;15:xxx-xx. 


