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The link between occupational respiratory diseases (ORD) and exposure to 
harmful factors that are present in the workplace has been well shown. Factors 
such as physical activity, age and duration of occupational exposure playing 
important roles in ORD severity, should be  identified in the workplace, their 
effects on workers health should be studied, and ultimately, exposure to them 
must be minimized. We carried out a literature review by searching PubMed, 
Scopus, and Web of Science databases to retrieve studies published from 1999 
until the end of April 2023 reporting the prevalence and inducers of ORD in 
Iran. In Iranian workers, several ORD such as interstitial lung disease, silicosis, 
occupational asthma, pulmonary inflammatory diseases, chronic obstructive 
pulmonary diseases, and lung cancers have been reported. It was indicated that 
ORD mainly occur due to repeated and prolonged exposure to noxious agents 
in the workplace. We also extracted the prevalence of ORD in different regions 
of Iran from the retrieved reports. Based on our literature review, the prevalence 
of ORD among Iranian workers highlights the importance of regular assessment 
of the risk of exposure to noxious agents in the workplace to develop measures 
for preventing potential adverse effects.
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Introduction

Through epidemiological surveys, infectious and some chronic diseases can be effectively 
controlled and prevented. However, monitoring programs are hardly ever implemented for 
controlling and preventing work-related diseases despite the high social and economic impact 
of occupational diseases (1). Prolonged exposure to certain toxic agents entering the lungs 
causes work-related lung diseases. Even after termination of exposure, these lung diseases may 
continue. Exposure to toxic compounds in the workplace may cause lung diseases such as 
chronic obstructive pulmonary disease (COPD), lung cancer, asthma, and pleural disease (2). 
The global prevalence, of ppneumoconiosis and other chronic occupational respiratory 
diseases (ORD) is 453,000 and 2,631,000 cases/year, respectively (3). For example, 14,000 
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deaths from coal pneumoconiosis, 9,000 from silicosis, and 7,000 
from asbestosis were reported globally in 2000 (3).

Mineral fibers of asbestos include silicates bound to other 
elements, predominantly magnesium and iron. Across the country, 
asbestos is still found in homes, buildings, roads, factories, schools, 
ships, automobiles and trains. Asbestos was being combined with 
thousands of constructions as well as household and commercial 
products, all over the 20th century. Fireproof coatings, cement, and 
concrete, bricks, gaskets, pipes, insulation, flooring, drywall, roofing; 
joint compound, sealants, and paints are among these products. The 
main cause of global work-related deaths is asbestos exposure which 
was confirmed to cause cancer as well as other serious diseases such 
as mesothelioma, lung cancer, and asbestosis (4). Asbestos-based 
occupational disease is still a main occupational health issue, 
particularly in developing countries which lack effective control of 
exposure (5).

Allergic agents are among the most important inducers of ORD 
(6). Thus, the existence of these agents in the workplace needs to 
be recognized as early as possible. Moreover, the ORD risk caused by 
these agents needs to be evaluated to take necessary actions. Certain 
occupational factors may cause occupational diseases depending on 
metabolism and sensibility and delayed responses may be induced 
following occupational exposure (6). Therefore, if a worker presents 
with unknown respiratory conditions, immediate medical 
examination by a physician should be done and occupational exposure 
should be considered.

In the workplace, the airways such as nares and alveoli have 
contact with 14,000 liters of air for 40 h/week work (7). More 
importantly, ORD is considerably affected by pollution severity, 
physical activity, and exposure period length (8). Thus, workers 
exposed to occupational pollutants for longer period of time, are at a 
higher ORD risk (9). Ventilation is increased by physical activity and 
the breathing is shifted from nasal to oral-nasal, thus, air particle 
filtration through the airways is reduced and the lower airways are 
more exposed to airborne noxious agents (10). Although strong 
irritants can induce severe responses in the workplace, less sensitizing 
agents might be  inhaled for longer periods and a lung injury is 
produced. Thus, occupational exposure to noxious agents is a key 
contributor to respiratory illnesses (11).

Amongst ORD, occupational sensitizer-induced asthma happens 
after exposure to excessive quantities of irritant particles in the 
workplace (12). Among the inducers of allergic occupational asthma 
are low molecular weight (LMW) antigens such as chemicals and 
metals, and high molecular weight (HMW) antigens such as 
glycopeptides, and proteins produced by plants, animals, and microbes 
(12). The most common causes of conventional occupational asthma 
are HMW antigens, however, LMW antigens should be  also 
considered (13).

New materials are introduced to the workplace every year (14) 
and ORD is also occasionally caused by working in hospitals and office 
buildings (15). It was indicated that bakers, kitchen workers, waste 
collectors, cleaners, healthcare staff, hairdressers, farmers and textile 
industry workers suffer from occupational allergic disorders (16). 
Among the individuals working in the cement factory, pulmonary 
function tests (PFT) results such as forced expiratory volume in one 
second percent (FEV1%), forced vital capacity percent (FVC%) could 
be reduced by exposure to crystalline silica, resulting in restrictive 
pulmonary disorders (17). Moreover, reduction of PFT values were 

found among hairdressers (18), printing and bakery workers, and 
miners even in the first five years of employment (19).

In the present article, we reviewed ORD and ORD inducers in 
Iranian workers practicing various occupations (Figure 1).

Methods

To prepare the present review, Scopus, PubMed, and Web of 
Science databases were searched through the keywords “job,” 
“occupation,” “toxic agents,” “allergic agents,” “environmental 
pollution,” “irritants agents,” “pulmonary function tests,” “respiratory 
symptoms,” “respiratory disorders,” “lung inflammation,” and 
“prevalence” for retrieving reports published from 1999 until the end 
of April 2023. In the present work, the papers on work-based 
respiratory diseases written in English were considered and the 
reference list of the collected articles was assessed.

Nevertheless, the studies with inadequate information, 
non-English and unpublished articles, abstracts, and letters to editors 
were removed. In total, among the initial 231 articles, 147 papers (44 
review articles, 2 book chapters, and 101 original articles) were 
included in this review and 84 articles were duplicates (Figure 2).

Results

Prevalence of occupational respiratory 
disorders in Iran

Several respiratory diseases such as lung cancer, interstitial lung 
disease (ILD), silicosis, asbestosis, occupational asthma, inflammatory 
lung disease, COPD and lung cancer are induced by occupational 
factors (20). Exposure to pollutants in the work environment can 
exacerbate a person’s illness and having a history of occupational 
pollutants exposure is a crucial risk for work-related lung diseases. 
Emergence of new causes for occupational lung diseases in recent 
years reinforces the need to adhere to the principles of respiratory 
protection (20).

The prevalence of occupational COPD among the workers 
working in Kerman, Iran factories, exposing to dust, fog, and asbestos 
agents, was 27.3%, 13.3%, and 0.05%, respectively (20). In another 
study, using an occupational questionnaire, industrial workers in 
Tehran, Iran, were assessed for the effects of exposure to biomass fuels 
at various factories. The findings indicated a COPD prevalence of 
9.2% among these workers (21).

Using a national recording system, in 2005, 5 cases of 
mesothelioma were reported due to asbest exposure (22). Occupations 
that are directly related to asbestos, such as asbestos factories, 
mineworkers, and many other professions, are exposed to high levels 
of this material in building and construction. Workers of shipyards, 
electrical industry, pulp and paper industry, sugar refineries, oil 
refineries, cigarette filter, and jewelry industry are also at risk, resulting 
in a higher prevalence of mesothelioma in these environments (23). 
In addition, a strong association between asbestos exposure and 
mesothelioma suggests the influence of asbestos exposure on 
mesothelioma incidence (22).

Kerman is one of the industrial provinces of Iran. Evidence shows 
that the prevalence of dust among 67 stone carvers in stone carvers of 
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Kerman with inappropriate ventilation of working environment was 
about 26.9% (24). Significantly increased prevalence of respiratory 
symptoms among workers in industries of south Tehran, Iran, was 
shown and the prevalence of respiratory symptoms among exposed 
workers (dust, fume) was 30.9% (25).

A high prevalence of mesothelioma (17.1%) in various 
occupations such as oil company, construction, farmer, and carpet-
weaver in southern Iran was reported. Table 1 shows the prevalence 
of ORD in Iran and Table  2 shows agents or worksite allergens, 
irritants, and toxic agents.

Inducers of ORD in Iran and their 
mechanism of action

Allergic and irritant agents-induced ORD
Enzymes and wheat for bakeries workers, antimicrobials, latex, 

and biocides for healthcare workers, isocyanates, cobalt and nickel for 
metalworkers, and persulfates for hairdressers are some of the most 
prevalent allergens present in the work places. Normally, occupational 
allergens are categorized as LMW <5 kDa and HMW >5 kDa. It was 
found that the size of allergens and irritant materials has a key role in 
their allergen city and the underlying action mechanism (27).

FIGURE 1

Occupational respiratory disorders.
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FIGURE 2

Flowchart of the process for selecting studies for the review.
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The frequency of occupational rhinitis is three times higher 
than occupational asthma, which is often related to occupational 
conjunctivitis like itching, irritation tearing, and red eyes (27). 
Also, there is evidence on irrigation agents leading to occupational 
COPD or occupational asthma due to exposure to irritant agents 
in the work place and environment (40). A relationship was found 
between asthma symptoms in domestic cleaning and exposure to 
bleach as well as other possible irritant agents (41). Using irritant 
cleaning products may have a considerable impact on public 
health since these products are used commonly both at home and 
in the workplace. According to the community-based studies, 
cleaning workers are at higher risk of asthma as well as other 
respiratory symptoms; however, the responsible agents are not 
clear (41). The irritants have potentially higher health impacts 
since these agents can induce asthma and persistent symptoms 
and affect PFT values (42). Table 3 shows ORD induced by allergic 
and irritant agents in Iran.

Agriculture
Several chemicals related to agricultural practices are able to 

induce respiratory disorders. A cross-sectional study was performed 
on a control group (50 office employees) and a group of 50 subjects 

working in a palm tree garden from Jahrom, Iran. The results showed 
higher prevalence of asthma and rhinitis in the garden workers in 
comparison to the control group. There was no association between 
asthma, and duration of employment, age, cigarette smoking, water 
pipe smoking, or other addiction (43).

Another study reported asthma amongst 173 cases including 46 
agricultural farmers and 127 sheep breeders in rural areas in 
northeastern Iran. Higher work-related respiratory and allergic 
symptoms were observed among sheep breeders compared to 
agricultural farmers. In addition, the severity of work-related 
symptoms was worsened by increasing frequency of animal-
contact (44).

A cross-sectional study was done in 994 farmers (561 females and 
433 males) who were randomly selected from three villages of Isfahan 
Iran, and evaluated for respiratory symptoms and PFT values 
including FEV1, FVC, FVC/FEV1 ratio, Peak expiratory flow rate 
(PEFR) and maximum expiratory flow rate at the middle of the 
expiration (MEF 25–75). The results of PFT values showed 
significantly reduction in FEV1 and FEF25–75 among the 
symptomatic cases. Also, air pollution caused by burning of 
agricultural residues worsened the pre-existing dyspnea, night chest 
discomfort, night cough, cough, and exercise-induced cough (45).

TABLE 1 The prevalence of occupational respiratory disorders in Iran.

Occupations City Study design Exposed agents Prevalence rate Refs

Industries Kerman
COPD Dust 27.3% (20)

Asthma Smoke & fog 13.3%

Industries

Tehran
Mesothelioma

Biomass 9.2% (21)

Kerman Dust 26.9% (24)

Tehran

Mesothelioma

Asbestos 10% (23)

Dust, fume, gas 22.8% (25)

Asbestos

31.7, and 30% (22)

0.05% (20)

Construction
Southern Iran

31.4%

Oil Company workers Fuel-fired 3.3%

COPD: Chronic obstructive pulmonary disease.

TABLE 2 Agents or worksites allergen, toxic, and irritant.

Occupation Allergens and irritants Toxins Refs

Bakers

α-amylase, cellulose, hemicellulose, malt enzymes, egg 

powder, milk powder, sugar, Flour dust, wheat, 

biomass fuels

– (26)

Hairdressers Dyes, spray paint, persulphates Sulfur dioxide (27–29)

Agriculture Plant products, flour dust, Animal products Paraquat (28–30)

Carpet weavers Wood dust, Amines – (31)

Healthcare workers Antimicrobials and biocides Methacrylate, nickel and beryllium (32–34)

Lifeguards Chlorine – (35)

Factory workers Cement dust, ceramic
Asbestos, crystalline silica, mustard gas, sulfur dioxide, 

cement dust, isocyanates, tile
(3, 4, 29)

Miners Stone dust
Coal mines, lead, kaolin mine, gold mine, quarry, 

metallurgic industry
(29, 36)

Welding – Welding fumes (37–39)
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Bakers
Flour is an organic complex cereal containing dust, which is 

processed by milling. Normally, flour dust contains different 
components contributing to dough improvement such as α-amylase, 

hemicellulose, cellulose, malt enzymes, and additives like baker’s 
yeast, milk powder, egg powder, and sugar. Wheat flour contains at 
least 40 allergens representing about 10%–15% of the grain dry 
weight (26).

TABLE 3 Occupational respiratory disorders (ORD) induced by allergic and irritant agents in the Iran.

Occupational Study design Agents Effects Refs

Agriculture

50 palm tree garden workers and 50 

workers control

Palm tree Respiratory symptoms including wheezing, sputum, 

cough and breathless

(43)

173 farmers Animal contact Recurrent wheezing, cough, breathlessness or chronic 

phlegm

(44)

433 male and 561 females Soil Dyspnea, cough, night cough, night chest discomfort (45)

Bakers

119 females Wood tenor ↓ FEV1, FVC and reduced PFT (46)

58 bakers Wood tenor ↑ Respiratory symptoms such as sputum, cough, and 

wheezing

↓ PFT

(31)

109 workers Wood tenor ↑ Dyspnea, cough, night chest discomfort (47)

36 workers and 36 workers control Wood tenor Change in the pulmonary vascular structure, 

emphysematous changes in the pulmonary tissue

(48)

Bakers Flour factory Shortness of breath or chest tightness

Decreased FEV1, FVC and PFT

(49)

Carpet weavers

66 Iranian carpet weavers Chemical products Allergic symptoms and Decrease in FVC and FEV1/

FVC

(50)

– wool fibers Reduced respiratory vital capacity (51)

Factories workers

551 employees Toluene diisocyanate, 

polyvinyl chloride, 

polyethylene or 

polypropylene

Decreased FEV1, FVC (52)

112 cement workers Cement dust Decreased FEV1, FVC and reduced PFT (53)

170 exposed Cement producing factory Significant decreases in vital capacity, FVC, FEF 

(25–75) and FEV1

(54)

Hairdressers

50 female hairdressers and 50 

controls

Whitening powder and 

hair spray

Respiratory symptoms including wheezing, sputum, 

cough and breathless

(18)

200 females and 398 males Hair color Increased respiratory symptoms such as: coughing, 

sputum, wheezing, and sore throat

(55)

75 beauty salons Whitening powder Decreased FEV1, FVC and reduced PFT, increased 

respiratory symptoms

(56)

Healthcare workers

Healthcare workers such as nurses, 

physicians, and janitors

Chemical agents such as 

cleaning and disinfectant 

substances

Respiratory symptoms (57)

37 technicians Dental laboratories Decrease in FVC and FEV1/FVC (58)

Lifeguards
38 male lifeguards and 38 control 

subjects

Chlorine Respiratory symptoms and allergic symptoms 

particularly during the work period

(59)

Miners 67 workers Stone dust Respiratory symptoms such as cough, sputum, chest 

tightness

(24)

Printers 73 printers – Enhanced respiratory symptoms (60)

Veterinary clinic workers 100 veterinary workers – Reduced PFT, increased respiratory symptoms (61)

Workers in slaughterhouses 81 workers Biological contaminants, 

such as bacteria and fungi

Decreased FEV1, FVC and reduced PFT, increased 

respiratory symptoms such as: coughing, sputum, 

wheezing, and sore throat

(62)

Welders 55 welders – Reduced PFT (63)

FEV1; forced expiratory volume in the first second, FVC; forced vital capacity, RV; residual volume, TLC; total lung capacity; MMEF; maximum mid-expiratory flow, PEF; peak expiratory 
flow, PFTs; pulmonary function tests; Refs; references.
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The association between flour dust exposure and PFT values was 
assessed in flour factory workers in Kerman, Iran. More than half of 
the workers reported sputum after waking up in the morning. 
Moreover, other workers reported shortness of breath or chest 
tightness. A considerable negative correlation was also found between 
FEV1 and FVC and flour dust exposure in the workplace (49).

A prospective study was performed in Tabriz, Iran on bread-
baking women with respiratory complaints like COPD (the case 
group) as well as the women with a definite diagnosis of COPD 
without a former history of bread baking (the control group). Physical 
examination, conventional spirometry (FEV1, TLC, and FVC), and 
pulmonary vascular CT angiography were performed for the patients 
in both groups. Increased diameter of the bronchial artery, abnormal 
pulmonary vascular structure, bronchial artery hyper vascularization 
on radiography, emphysematous alterations in the pulmonary tissue, 
and reduced FVC and FEV1 were found in the case group in 
comparison with the control group (48).

The relation between bread baking and incidence of respiratory 
and allergic symptoms, using a questionnaire among 58 Iranian bakers 
compared to a control group comprising 58 subjects with other jobs 
in Mashhad, Iran was examined. In bread bakers, all allergic symptoms 
like runny nose and sneezing as well as respiratory symptoms such as 
sputum, cough, and wheezing were higher but their PFT values were 
significantly lower (64).

A descriptive study was conducted on 109 asthmatic patients 
referring to Imam Khomeini Hospital in Ardabil, Iran. Using Asthma 
Control Questionnaire (ACQ). No significant correlation was found 
between asthma occurrences and baking in wood tenor ovens. 
However, a significant correlation was found between asthma controls 
and baking in wood tenor oven. Hence, it is essential to increase 
community awareness regarding the effects of baking on asthma 
status (47).

In developing countries, biomass fuels are widely utilized for 
home heating and cooking, and this may lead to adverse health effects. 
A relation was reported between the exposure to the byproducts of the 
biomass fuels combustion, chiefly wood smoke, and respiratory 
problems. A cross-sectional study was performed on 36 female 
workers of an industrial bakery who had COPD (mean age of 20 years) 
and a history of bread baking utilizing biomass fuels in rural places in 
Tehran, Iran. Low values of PFT including FVC, FEV1, or FEV1/FVC 
ratio were reported in these women (65).

The reviewed studies reported the incidence of occupational 
respiratory disorders such as asthma and COPD among bakery 
workers. It was indicated that the incidence of allergic and respiratory 
disorders in this group of workers could be  reduced by taking 
safety measures.

Carpet weavers
Different lung diseases and reduced respiratory vital capacity are 

caused by a lack of fresh air in the weaving workshop and the existence 
of wool fibers together with bio aerosols in the ambient air (51). 
Wheezing, breathlessness, and cough were reported as the most 
common symptoms amongst carpet weavers in Mashhad, Iran. 
Moreover, all respiratory and allergic symptoms were significantly 
higher while PFT values were significantly lower in comparison to the 
controls. Furthermore, during working hours, most allergic and 
respiratory symptoms were significantly more prominent in carpet 
weavers in comparison to the resting time (50).

Carpenters
Respiratory symptoms and PFT values were investigated in 66 

carpenters and a matching control group in Mashhad, Iran. 
Respiratory and allergic symptoms were significantly higher while 
PFT values were lower in carpenters in comparison to the controls. 
Moreover, during working hours, the allergic symptoms were 
worsened. There was a relationship between duration of work and 
maximal mid-expiratory flow in carpenters. It was also found that 
these workers were susceptible to occupational asthma (66).

Factory workers
Cement dust is a workplace environmental pollution, which could 

contribute to respiratory insults. The effect of cement dust on PFT 
values was determined in Ilam, Iran, among 112 cement workers. 
Gravimetric and x-ray diffraction (XRD) was used to measure total 
cement dust for determining the solid samples’ SiO2 content. None of 
the workers had any type of damage in the chest or a family or medical 
history of respiratory illnesses. The results showed a significant 
reduction in FVC, FEV1, and FEV/FVC ratios in cement workers 
compared to the control group. Moreover, increased cement dust in 
the workplace resulted in lower PFT values. Therefore, it is essential 
to consider cement dust exposure as a main risk factor for chronic 
respiratory symptoms (53).

In Yazd, Iran, 551 cable-manufacturing employees exposed to 
cable manufacturing environment (exposed to polyvinyl chloride, 
toluene isocyanate, polypropylene, or polyethylene) and an unexposed 
group were studied. A higher incidence of asthma and higher body 
mass index (BMI) were found in employees exposed to the irritants in 
the workplace than the control group (52).

In a cross-sectional study in Khash Portland cement producing 
factory, Iran, PFT values were measured in 170 unexposed and 170 
exposed employees. Considerable decreases were observed in FVC, 
MEF25-75%, and FEV1 in dust-exposed workers in comparison to the 
unexposed group. According to these findings, a higher prevalence of 
respiratory symptoms and lung cancer may be caused by occupational 
exposure to Portland cement dust because of the presence of quartz in 
cement dusts’ row material. It was also found that cement dust 
exposure is related to acute and chronic respiratory health effects (54).

Hairdressers
Increased prevalence of respiratory symptoms but reduced PFT 

values were found among the individuals exposed to occupational 
chemical pollutants in hairdressing salons. Moreover, evidence 
revealed that in the developing world, inadequate attention is paid to 
the occupational respiratory risks for hairdressers. It was reported that 
hair bleaching and using hair sprays are particularly hazardous work-
related agents. Increased respiratory symptoms and levels of lung 
inflammation markers, but reduced PFT values were documented 
among hairdressers compared to the control populations. Moreover, 
among female hairdressers (n = 200), lower PFT values such as the 
reduced peak flow rates, were reported in comparison to the males 
(n = 398) randomly selected from different parts of Tehran, Iran (55).

In individuals working in a beauty salon, exposure to air-borne 
chemicals could potentially lead to respiratory infections and other 
lung diseases. A study was conducted on the risk of work-based 
obstructive pulmonary disease in 50 female hairdressers compared to 
50 controls from the general population, in Mashhad, Iran, to evaluate 
respiratory and allergic symptoms, a standard questionnaire was used 
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and PFT values were assessed. The job-related respiratory symptoms 
were found in almost half of the hairdressers. Cough and chest 
tightness were the most common symptoms reported among 
hairdressers and they had significantly higher respiratory symptoms 
such as wheezing, cough, sputum, and breathlessness in comparison 
to the control group (18).

A cross-sectional study was performed to assess respiratory and 
allergic symptoms and PFT values in 75 beauty salons in Malayer and 
Kangaver, western Iran. The results revealed that respiratory symptoms 
in hairdressers were mostly caused by exposure to hair spray and 
whitening powder as allergic chemicals (56). These studies showed 
higher prevalence of ORD such as asthma among hairdressers, 
highlighting the need for more strict safety regulations for this job to 
reduce occupational asthma.

Slaughterhouse workers
In a study, respiratory symptoms were assessed among 

slaughterhouse workers in Shiraz, Iran indicating significant 
reductions in PFT values including FEV1, FVC, and FEV1/FV 
amongst these workers. Moreover, the prevalence of cough, 
breathlessness, productive cough, phlegm, and wheezing among these 
workers were 17.3%, 27.2%, 37%, 17.3%, and 27.2%, respectively, 
which were markedly higher compared to the unexposed workers (62).

Healthcare workers
There is a high risk of exposure to different chemical agents such 

as cleaning and disinfectant substances for healthcare workers, which 
can be potentially hazardous to the respiratory system. Such workers 
can be protected against exposure to these chemicals in healthcare 
centers by effectively using respiratory protection equipment. A cross-
sectional study was performed on healthcare workers such as nurses, 
physicians, and janitors in 6 hospitals of Shiraz University of Medical 
Sciences, Shiraz, Iran. In this work, a questionnaire comprised of 4 
components of knowledge, demographic, practice, and perceptions, 
was used. The results indicated the risk of respiratory hazards as 
“moderate to high” in most of the participants at their workplaces (57).

Lifeguards
Lifeguards are frequently exposed to different irritants during 

work such as chlorine-inducing irritants, which is able to induce 
respiratory disorders. A study was performed on a group of 38 male 
lifeguards and 38 control subjects with similar ages in Mashhad, Iran, 
and allergic and respiratory symptoms as well as PFT values were 
assessed. Higher frequencies of work-related respiratory and allergic 
symptoms in lifeguards mainly during working periods and 
remarkably lower PFT values were found in lifeguards subjects 
compared to the control group (59).

Miners
Increased prevalence of respiratory disorders was reported in 

miners. A study was performed on the effect of exposure to stone dust 
in 67 stone-cutting workers from 35 stone workshops in Kerman 
province, Iran. The participants had no history of previous chest 
surgery or respiratory illness. The control group and stone workers 
had the same age, gender, number of working days per week, average 
working hours per day, marital status, work experience, education 
level, smoking, and drug addiction status. Respiratory symptoms such 
as sputum, cough, and chest tightness were significantly higher in 

stone-cutting workers compared to the control group. In the 
workplace, the average annual accumulation of dust was inversely 
proportional to the PFT values but it was positively related to the 
respiratory symptoms. Pulmonary infiltration assessed in chest 
radiology was more prevalent in the stone-cutting worker group. 
Thus, respiratory diseases and even lung cancer could be caused by 
exposure to stone dust particles in working environments (24).

Printers
A comparison was made in PFT values and respiratory symptoms 

between 73 printers and 73 subjects with other jobs (considered the 
control group), in Mashhad, Iran. The results showed significantly 
increased respiratory symptoms but reduced PFT values in the printer 
group compared to the control group (60).

Veterinary clinic workers
The effect of animal allergen sensitization in animal workers was 

examined in Shiraz, Iran. In this work, a comparison was made in the 
PFT values and respiratory symptoms between 100 veterinary workers 
and 50 controls (non-animal workers). In veterinary workers, PEF and 
FEV1/FVC were less than 80% of the predicted value, which were 
lower compared to the control group. It was shown that exposure 
needs to be minimized and workers should be educated regarding the 
exposure risks to the sensitizers (61).

Welders
A descriptive-analytical study was performed in 55 welders 

(considered the case group) and 55 non-welders (considered the 
control group) in Zahedan, Iran. The subjects were selected 
non-randomly to measure PFT values; all measured spirometry 
indices were remarkably lower in welders in comparison to the control 
group. Moreover, there was an inverse association between PFT values 
and welding history (63). Table  3 shows occupational respiratory 
disorders (ORD) induced by allergic and irritant agents in the Iran.

Toxic agents

The toxic agents are most prevalent in factories and coalmines or 
areas with higher quantities of toxicants including mustard gas, sulfur 
dioxide, and silica dust, as well as smoke, gases, fumes (28, 29). 
Considerable airway injury could be induced by environmental such 
toxic agents. For example, paraquat is a nonselective herbicide, which 
is sprayed via hand-pressurized backpacks. Oral and nasal irritation 
and possible absorption may be caused by prolonged direct contact 
with the mist spray of this agent. Several observational studies have 
shown the effect of occupational exposure to paraquat on respiratory 
system (67).

A possible relationship was shown between lung cancer and dust 
exposure in asbestos-exposed workers of various industry. Some 
countries have stopped the use of all asbestos types. Nevertheless, 
extensive use and manufacturing of asbestos products exist in 
developing countries (68, 69). Table 4 shows ORD induced by toxic 
agents in Iran.

Agricultural
A cross-sectional work was performed on respiratory symptoms 

of 64 male construction workers and 70 male pesticide retailers in 
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Shiraz, Iran. There was an association between the occupational 
exposure to low doses of pesticides mixture and the incidence of 
respiratory symptoms and increased blood concentrations of oxidative 
stress biomarkers (72).

In a cross-sectional investigation, 283 male crop farmers 
exposed to paraquat and 234 sex-matched healthy individuals were 
examined. All participants underwent interviews conducted by two 
trained practitioners. The first questionnaire comprised 
demographic variables, occupational history, and medical history, 
while the second questionnaire was the European Community 

Respiratory Health Survey (ECRHS) questionnaire that aimed to 
evaluate respiratory symptoms. The findings revealed that a 
majority of respiratory symptoms were more prevalent in the 
farmers compared to the reference group, although the difference 
was statistically significant only for shortness of breath (93). 
Another cross-sectional study was undertaken on 126 farmers who 
had been poisoned by paraquat and were referred to Afzalipour 
Hospital between the years 2006 and 2015 in the Kerman Province 
of Iran. Various demographic variables, including age and gender, 
as well as signs and symptoms of poisoning, the estimated amount 

TABLE 4 Occupational respiratory disorders (ORD) induced by toxic agents in the Iran.

Occupations Study design Exposed agents Effects Refs

Construction workers 3,000 workers Asbestos fibers Lung restrictive functional damages (70)

Agricultural

126 farmers PQ Decreased FEV1, FVC and reduced PFT (71)

70 males PQ Decreased FEV1, FVC and reduced PFT (72)

worker lead-exposure Severity of sputum and cough in worker (73)

Factories workers

– Crystalline silica Reduced MMEF and PFT (74)

70 workers Crystalline Silica Death from lung cancer (75)

72 male workers Silica Decreased FEV1, FVC and reduced PFT (76)

- Silicosis Emphysematous changes in the pulmonary tissue, 

remarkable difference in the PEF parameter

(77)

- NO2 Emphysema and Bronchitis (78)

Workers silicosis Emphysematous changes in the pulmonary tissue (79)

110 workers Cast iron foundry Decreased FEV1, FVC and reduced PFT (80)

263 workers Ceramic factory Decreased FEV1, FVC and reduced PFT (81)

– Crystalline silica Decreased pulmonary function (82)

Silica dust Decreased pulmonary function (83)

3,121 workers Silica-exposed workers Fibrogenic lung disease (84)

– Silica dust TB was incremented by the increased intensity of silica 

exposure

(85)

127 workers Dust, metal fumes Various chronic and acute pulmonary diseases, 

significant reduction in the lung function parameters

(86)

263 workers Tile factory Decreased PFT values such as FEV1, FVC, and FVC/

FEV1

(87)

Medical workers

6 female and 45 males Methyl methacrylate Dysfunction and cough, wheezing and shortness of 

breath

(33)

37 technicians Biomedical materials Coughing, sputum, wheezing, and sore throat (58)

42 dental technicians Methacrylate, nickel and 

beryllium

Decrease in FVC and FEV1/FVC and shortness of 

breath

(88)

Miners

Workers Coal mines Chronic cough and bronchitis, pneumonitis, and also 

respiratory infections such as TB are the most common 

pulmonary disorders

(89)

556 Coal mines Reductions in both FEV1 and FVC, increased FEV1/

FVC ratio, breathlessness and cough

(19)

156 workers kaolin mine, quarry, gold mine Revealed considerably lower pulmonary function in the 

exposed groups

(90)

Welders
91 welders Fume exposure Reduced MMEF and PFT (91)

welders Particulate Matter Decreased FEV1, FVC and reduced PFT (92)

FEV1; forced expiratory volume in the first second, FVC; forced vital capacity, RV; residual volume, TLC; total lung capacity; MMEF; maximum mid-expiratory flow, PEF; peak expiratory 
flow; PQ; paraquat; TB: tuberculosis; NO2: nitrogen dioxide.
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of paraquat ingested, and the clinical outcome, were derived from 
the medical records. The findings revealed that the patients with 
respiratory distress had the highest mortality rate, followed by those 
with oral ulceration and salivation. Among all the individuals 
poisoned by paraquat, a dose greater than approximately 2,250 mg 
was found to predict death with a specificity of 86.2% and a 
sensitivity of 75.7% (71). In a retrospective study that involved the 
description, analysis, and assessment of the data, a comprehensive 
evaluation was performed on 104 medical records of individuals 
who suffered from paraquat poisoning. These records were obtained 
from three hospitals located in Shiraz city, Iran. The timeframe for 
this study spanned from September 2010 to September 2015. The 
radiographic results from patients who unfortunately did not 
survive included the presence of acute respiratory distress syndrome 
(ARDS), pneumothorax, and pneumomediastinum (94). Afzali and 
colleagues conducted a case–control study to examine the efficacy 
of immunosuppression on 45 patients who were poisoned with 
paraquat over a period of 2 years in Hamadan province, Iran. The 
researchers reached the conclusion that administering pulse therapy 
with cyclophosphamide and methylprednisolone may potentially 
be effective in averting respiratory failure and decreasing mortality 
rates (95). Amiri and colleagues conducted a study that examined 
52 instances (farmer) of paraquat poisoning within the province of 
Lorestan. Their findings revealed a mortality rate of 71.1% 
attributable to respiratory complications. Furthermore, they 
deduced that the quantity of paraquat ingested and the duration 
between the poisoning incident and hospital admission were the 
principal determinants of mortality (96).

Construction workers
Asbestos fibers are found in thermal insulations, chimney pipes 

and cement sheets and this highlights that workers who work in the 
demolition of old houses may suffer from the effects of exposing to the 
asbestos fibers (70). It was revealed that inhalation of asbestos fibers 
in the air results in developing serious lung diseases including 
mesothelioma and lung cancer (asbestosis) (97).

Factories workers
A cross-sectional study was performed in the southeast of Tehran 

province, Iran, in 2016. In this study, employees of traditional brick-
making workshops (30 workers) and brick-making machine factories 
(40 workers) were included and their exposure to crystalline silica and 
total inhalable dust was assessed. The exposure to total respirable dust 
and crystalline silica was reduced by the mechanization of the industry 
and reducing the risk of death from lung cancer. However, there was 
still a higher risk of death from silicosis and lung cancer in both 
groups of workers (75).

In another cross-sectional study on 72 male workers exposed to 
silica at a manufacturing plant in Neyshabur, Iran, it was revealed that 
the average occupational exposure to silica was lower in these concrete 
workers than international and national organizations’ threshold. 
However, death and lung cancer risk were still higher than expected 
values. Moreover, lung indices (FEV1 and FEV1/FVC) were decreased 
significantly over 4 years employment in these workers (76).

The silicosis risk by crystalline silica exposure, and lung cancer 
mortality rate were evaluated among male ceramic tile workers in 
Qazvin, Iran. Higher risk of lung cancer and morality among workers 

under crystalline silica highlighted an urgent requirement for 
alterations in rules, assessment, and engineering as well as managerial 
control approaches in workers of such factories (79).

Non-exposed and dust-exposed groups were compared in another 
cross-sectional study performed in a cement plant in Kermanshah, 
Iran. The results revealed that cement dust comprising crystalline 
silica could lead to respiratory disorders as presented by considerable 
reductions in the PEF value in the exposed group. Thus, engineering 
techniques should be optimized to avoid the development of lung 
diseases like lung cancer, especially in units with higher dust 
concentrations. Moreover, respiratory masks should be  effectively 
used for minimizing the exposure (77).

In a study performed in 5 ceramic and tile factories between 2009 
and 2011 in Yazd, Iran, 100 workers were enrolled from various units 
of each factory. PFT values were significantly reduced during the 
2-year investigation period. The highest reduction was found in FVC 
in grinding and ball-mill. Reductions in all spirometric parameters 
were significantly higher in industrial workers in comparison with 
office workers (98).

A comparison was made on the frequency of respiratory 
symptoms between 100 controls and 108 lead-exposed workers in 
Mashhad, Iran. Cough and chest tightness were the most prevalent 
symptoms in most lead-exposed workers and some of them only 
reported wheezing. Among lead-exposed workers, most PFT values 
were significantly lower while lead concentration in their serum and 
urine was significantly higher than the control group (73).

Nitrogen dioxide (NO2) is a toxic gas primarily emitted from 
burning fossil fuels, vehicle exhausts, and industrial processes. It is a 
major component of air pollution in urban areas and is known to have 
detrimental effects on respiratory health. NO2 can penetrate into the 
lungs and cause or worsen COPD, and induce other respiratory 
diseases such as bronchitis and emphysema. In a study the effect of 
NO2 on COPD attributed to in people’s lives of Bushehr megacity, in 
2011, revealed that COPD is significantly affected by the increased 
NO2 concentration. It was also suggested that the level of NO2 can 
be reduced by electrical, alternative fuels, and solar heating (78).

The respiratory symptoms and PFT values were examined in a 
case–control study on 40 workers from an automobile factory exposed 
to different levels of benzene, ethyl-benzene, toluene, and xylene, and 
40 unexposed workers (considered the control group) in Tehran, Iran. 
The workers under air contaminated with benzene, dust, toluene, 
xylene, ethyl-benzene, and silica, showed significantly lower values of 
FVC, VC, and PEF compared to the control group indicating 
induction of respiratory disorders due to exposure to these agents in 
the environment (99).

A study in Azandarian-Malayer, Iran, in 2006, showed obstructive 
respiratory diseases based on PFT values (mild to severe) in 16.7% of 
workers in silica-producing factories. These results are consistent with 
former studies suggesting that pulmonary function loss can happen 
with exposure to silica dust, independent of silicosis (100). A 
prevalence of silicosis of 12.9% mainly in workers over 40 years old 
and with exposure duration of more than 25 years was reported. This 
is “long-term exposure” with a moderate quantity of silica dust in the 
agate industries. Multiple regression analyses showed a relationship 
between development of silicosis and exposure duration as the only 
independent predictor which could explain 71.5% of the variance in 
silicosis development (83).
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Tuberculosis is the complication of silicosis that was largely 
discussed historically over the last centuries. A study on 3,121 workers 
indicated that silica-exposed workers are at a higher risk of 
tuberculosis, with or without silicosis. The risk of development of 
tuberculosis in patients with silicosis is 2.8 to 3.9 times higher than the 
healthy controls (84). It was reported that occupational silica exposure 
was most common among tuberculosis patients in a cross-sectional 
study in Lorestan Province, Iran, in 2012. Moreover, the incidence of 
tuberculosis was augmented by increased intensity of silica exposure, 
higher work experience, advanced age, male gender, lower educational 
level, and cigarette smoking (85).

Various chronic and acute pulmonary diseases are resulted 
from inhaling hazardous chemical agents like toxic particles and 
dust, metal fumes, vapors, and gases, as well as other air-borne 
pollutants, existing in the workplace. A cross-sectional study was 
performed in workers chosen from the manufacturing unit (n = 127, 
the exposed group) as well as the administrative department (n = 30, 
the unexposed group). All cases were examined using personal air 
sampling of crystalline silica and pulmonary function tests. A 
significant reduction in lung function parameters such as the FVC 
and FEV1 in the silica-exposed workers industries in Saveh, Iran 
was reported (86).

Assessment of pulmonary parameters of the control and 
workers in the brick manufacturing industry exposed to dust and 
respirable crystalline silica revealed significand reduction of FVC%, 
FEV1/FVC%, FEV1%, and PEF% in workers exposed to dust 
compared to the control group (101). The PFT values were 
measured in 263 workers from a tile factory in Semnan, Iran in 
2012–2015. It was indicated that most PFT values such as FEV1, 
FVC, and FVC/FEV1 were significantly decreased in these workers 
over a three-year period (81). The workers of a tile factory were also 
studied in Tehran, Iran, and increased respiratory symptoms 
(sputum, coughing, sore throat, and wheezing) were reported. PFT 
values were also significantly lower in these workers in comparison 
to the unexposed workers (87).

The National Institute for Occupational Safety and Health 
(NIOSH) estimated that over 1.7 million U.S. workers are under 
crystalline silica. Moreover, more than 250 of them die with silicosis 
each year (102, 103). Although, no clear profile of exposure to 
crystalline silica was found among the Iranian workers (104), in a 
previous study, occupational exposure to crystalline silica clearly 
showed higher risk of mortality and lung cancer among workers (105).

A cross-shift study in a cast iron foundry in Iran on 90 office 
workers and 110 workers from the production department, revealed 
a considerable association between reduction in PFT values in cross-
shift workers and dust exposure. Furthermore, PFT values were 
affected to some degree in workers from the production department 
compared to the office workers (80).

Healthcare workers
Dental technicians are exposed to hazardous substances like 

nickel, methacrylate, and beryllium (32). Dental technicians (n = 42) 
were examined for the effect of exposure to these agents in Rasht, Iran, 
and the results revealed increased shortness of breath, prevalence of 
cough and sputum. Work experience negatively affected the total lung 
capacity (TLC) and residual volume (RV)/TLC ratio (88). Assessing 
51 dental technicians (6 female and 45 male) under methyl 
methacrylate in Tehran, Iran, revealed that exposure to this chemical, 
increased wheezing, cough, and shortness of breath in technicians (33).

Miners
Coal mining affects the health and mainly the respiratory system 

of the workers. It is essential to identify potential hazards in coal mines 
and take suitable measures for minimizing/removing possible 
exposures (89). In underground mines, exposures are mostly caused 
by inhalation of particulates, coal dusts, naturally occurring gases, and 
chemical vapors. The most important airborne hazardous agents are 
coal dusts as the main inducer of respiratory diseases. Indeed, various 
respiratory disorders were reported in miners possibly caused by 
exposure to harmful minerals with a diameter of <10 μm. Chronic lung 
stroke, pneumoconiosis, lung cancer, benign pleural effusion, 
inhalation lung injury, reactive dysfunctional airway syndrome, 
mesothelioma, chronic cough, bronchitis, and asthma were reported 
in miners. Moreover, the most prevalent pulmonary disorders observed 
in coal miners are respiratory infections like tuberculosis (89).

A cross-sectional study on 556 coal miners from 3 coal mines of 
Hashouni, Babnizu, and Hojedk in Tehran, Iran, including 460 
workers worked at the coalface for at least 5 years, showed reduced 
FEV1 and FVC and increased FEV1/FVC ratio in the workers with 
severe cough and breathlessness. Comparison of non-face and face 
miners revealed that the disease severity was a function of the dust 
quantity in the air as well as the cumulative times of inhaling dust by 
the miners (19). A comparison was made among 156 workers in 
kaolin mine, quarry, gold mine, and stone cutting workshops 
(considered the dust-exposed group) and 48 administrative personnel 
(considered the unexposed group) in Eastern, Iran. The results 
revealed considerably lower PFT values in the exposed groups (90).

The individuals working in underground and open-pit mines are 
mainly exposed to silica dust because it is likely to be present in the 
site soil and released during mining operations courses. In silica dust 
in mining workers in eastern Iran in 2016–2017, it was indicated that 
the workers in mining are at higher risk of respiratory diseases, 
particularly chronic bronchitis and silicosis (106).

Welders
A cross-sectional study in an Iranian shipbuilding industrial 

factory (60 welders and 45 administrative) in 2018, revealed that the 
metals exist in the welding fusion showed toxicological effects and 
caused lung cirrhosis induced by iron in these workers. In addition, 
an inflammatory response may be  caused by manganese and 
chromium, which are known as carcinogens. Moreover, values of 
FVC, FEV1/FVC, and FEV1 in welders were significantly lower than 
the administrative staff members (37).

Because of exposure to welding emissions, respiratory complaints/
symptoms are common among welders (107). Furthermore, with 
longer work history, respiratory disorders such as asthma and chest 
tightness were more prevalent among workers in comparison to the 
workers with less exposure history. Respiratory complaints particularly 
chronic bronchitis were more common and the prevalence of 
respiratory symptoms was higher in welding workers in comparison 
to the control group. There is no clear information on the exact 
mechanism of disease development caused by fumes exposure. 
However, it is thought that an alteration in epithelial cells is caused by 
inhalation of gases or fumes produced by welding processes or the first 
line of defense is suppressed (108). Significant post-shift differences 
were found in FVC and FEV1 between the welders and the control 
group in a study on 91 welders in some welding tasks. The smoking 
habit had no significant effects on PFT values among welders in both 
pre-and post-shift measurements (91).
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Mechanisms of ORD induced by various 
agents

Lung diseases can be induced by inhalation of irritants, allergic, 
and toxic agents in the workplace in the exposed workers. More 
importantly, occupational lung diseases should be  clinically 
recognized as early as possible because they cause serious medical 
conditions. The host factors involved in the induction of ORD are 
mostly genes, and polymorphisms and their early identification could 
be resulted in improvement of ORD (12).

Mechanisms of ORD induced by irritant and 
allergic agents

There is no exact information on the mechanisms behind induction 
of lung diseases by the irritant and allergic agents. These agents in the 
worksites can trigger the production of both immunoglobulin E (IgE) 
and non-IgE and immunological responses in humans (109).

Generally, these agents can induce interleukin (IL)-4 and IL-13 
levels, resulting in production of IgE by B cells, following production 
and secretion of IgE, it binds to basophils and mast cells. Upon 
activation, soluble allergic mediators are released by these cells like 
leukotrienes and histamine acting on sensory nerves, smooth muscles, 
mucous glands, eosinophils, and arteries (110). Vascular permeability, 
smooth muscle cell contraction, and vasodilation are the commonly 
increased outcomes of an IgE-mediated reaction that emerge minutes 
to hours following exposure. Based on the allergen exposure frequency 

and sites, such reactions may happen in the respiratory system leading 
to the induction of diseases like allergic rhinitis, asthma, and 
anaphylaxis (111). Moreover, after sensitization, subsequent exposures 
lead to eliciting on-IgE-mediated responses causing secretion of 
pro-inflammatory cytokines such as granulocyte-macrophage colony-
stimulating factor (GMCSF), interferon-γ, IL-12, and IL-3, TNF-β 
activation and recruitment of macrophages and other inflammatory 
cells (Figure 1) (27).

Allergic gents with HMW acting as complete antigens are innately 
immunogenic but, it is essential for LMW chemicals to react with 
heterologous or autologous proteins first to create a hapten-complex 
before acting as a functioning allergen (27).

LMW allergens have various reactivity, structure, and application. 
Nevertheless, different common attributes exist related to the 
immunogenicity such as hyphenation potential, irritancy potential, 
and capability to access the epithelium. Metal ions like nickel, 
chromium, and cobalt are among the most common occupationally-
relevant allergens (110).

Persulfate salts are inorganic salts utilized as oxidizing agents 
(112). Generally, they are categorized as IgE-mediated sensitizers 
which also induce a non-IgE-mediated response (113). Although an 
IgE-mediated mechanism is supported by the animal studies, the role 
of specific IgE responses in LMW agents-induced asthma is not fully 
understood. However, further studies are required for evaluating of 
specific IgG responses to occupational agents (12). Figure 3 shows 
different mechanisms of ORD induced by irritants and allergic agents.

FIGURE 3

The possible mechanisms of the effects of allergic and irritant agents on respiratory immunologic systems.
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FIGURE 4

The possible mechanisms of the effects of toxicants on respiratory immunologic systems. IL-1β: Interleukin 1, IL-6: Interleukin 6, TNFɑ: tumor necrosis 
factor alpha, IFNɑ: Interferon-ɑ, NF-κβ: Nuclear factor kappa β, IRAK4: interleukin-1 receptor-associated kinase 4, CXCL-10: interferon-γ-inducible 
protein 10.

Mechanisms of toxic agent-induced ORD
The indoor pollution sources include mycotoxins, cigarette smoke, 

and airborne particulates of heavy metals, pesticides, fungicides, 
asbestos, and silica. COPD may be caused by sustained inflammation 
of the lung, as occurs against cigarette smoke (29). In cases of 
inhalation exposure to sublethal quantities of toxicants like 
mycotoxins, inflammation is resolved usually by eliminating cell 
injury (114). Formation of chemokines and cytokines by inflammatory 
and epithelial cells has a key role in the inflammatory procedure. 
Particularly, TNF-α and IL-1β act as initiator cytokines and induce the 
production and synthesis of other chemokines, cytokines, and 
adhesion molecules. Thus, inflammatory cells are attracted and 
activated to the inflammation site (115).

TNF-α is synthesized initially as a membrane-bound precursor 
and released proteolytically from cell surfaces (116). Then, soluble 
TNF-α attaches TNF receptor to activate nuclear factor-kappa B 
(NF-κB) pathway and mitogen-activated protein kinase (MAPK) 
cascade. Then, a protein complex is formed by ligand-bound receptor 
with TNF receptor 1-related death domain protein and TNF receptor-
related factor-2 (117, 118). MAPK kinases phosphorylate and activate 
MAPKs (119). MAPKs phosphorylate and activate transcription 
factors directly or phosphorylate other kinases, thus, transcription 
factors are activated resulting in expression of response genes. Other 
factors involved in several biological processes such as inflammation 
are also phosphorylated by MAPKs (118).

IL-1β is initially synthesized similar to TNF-α, as pro-IL-1β, an 
inactive precursor. Then, pro-IL-1β is cleaved within the cell via a 
protein complex known as the inflammasome comprising apoptosis-
based speck-like protein with caspase recruitment domain, caspase-1, 
and a member of the nucleotide-binding oligomerization domain 
(NOD)-like receptor family (120). Barious NOD-like receptor 
members react to different signals. NOD-like receptor protein-3 
(NLRP3) as one of these members, is recruited against tissue damage, 
infection, and metabolic stress (121). By processing pro-IL-1β, mature 
IL-1β is secreted and bind to IL-1 receptor. A complex is formed by 
the ligand-bound receptor with myeloid differentiation primary 
response, TNF receptor-associated factor-6, and IL-1 receptor-
associated kinase. Therefore, NF-κB pathway and MAPK cascade are 
activated (122). Different mechanisms have been shown for activating 
inflammation process such as generation of reactive oxygen species 
and potassium efflux (123). Moreover, the importance of P2X7 
receptor and autophagy in mediation of the processing of IL-1β by the 
inflammasome was emphasized (124). These procedures ultimately 
result in severe lung inflammation causing inflammatory lung 
disorders. Figure 4 presents different mechanisms involved in toxic 
agents-induced ORD.

Asbestos causes asbestosis and malignancies by molecular 
mechanisms that are not fully understood. Asbestos-related lung 
diseases are a common clinical problem and a major health concern 
worldwide. Epidemiologic studies have established that exposure to 

https://doi.org/10.3389/fmed.2024.1310040
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Beigoli et al. 10.3389/fmed.2024.1310040

Frontiers in Medicine 13 frontiersin.org

asbestos fibers causes pulmonary fibrosis (asbestosis), pleural 
abnormalities (effusion and plaques), and malignancies (bronchogenic 
carcinoma and mesothelioma) (125).

The complete understanding of how asbestos induces epigenetic 
changes remains elusive. Numerous studies have observed both 
clastogenic and cytotoxic responses of cells to asbestos fibers (126, 
127). The process of phagocytosis of fibers by macrophages and 
subsequent oxidoreduction reactions on fiber surfaces are known 
to generate genotoxic reactive oxygen species (ROS), resulting in 
DNA damage and oxidative stress, ultimately leading to genetic 
alterations in cells (128, 129). When asbestos interacts with human 
cells, it attracts and binds cations due to its silicate nature. In the 
lungs, asbestos fibers retain ions on their surfaces and also release 
them into the cellular milieu (130). These processes have the 
potential to generate ROS and free radicals, initiating cellular and 
DNA damage as well as genotoxicity (131, 132). The high iron 
content found in certain asbestos fibers, along with the ability of 
asbestos to adsorb iron in vivo, suggests that iron-induced Fenton 
reactions may contribute to increased ROS levels, inflammation, 
and carcinogenesis (133). Asbestos is also responsible for inducing 
an increase in the expression of antioxidant enzymes, including 
manganese-containing superoxide dismutase (MnSOD, SOD2), 
catalase, and heme oxygenase, in both malignant mesothelioma 
cells and the lungs of rodents (125). Types of asbestos have been 
shown to induce oxidative stress and stimulate the production of 
local inflammatory mediators, such as cytokines and growth factors, 
ultimately creating an environment of inflammation and cell 
proliferation (134). Exposure of cells to asbestos also leads to 
extensive changes in the expression of genes involved in 

integrin-mediated signaling, DNA damage repair, and regulation of 
the cell cycle (135). The chronic inflammation caused by asbestos 
fibers coming into contact with serosal surfaces is considered a key 
factor in the development of cancer and is likely mediated through 
epigenetic alterations (136).

Numerous studies have focused on investigating the role of 
microRNAs in asbestos-induced epigenetic changes in mesothelioma, 
a cancer specifically associated with asbestos exposure (137, 138). 
However, limited research has been conducted on asbestos-related 
lung cancers, including adenocarcinoma, adenosquamous carcinoma, 
small cell lung cancer, and large cell lung cancer (139). While these 
studies demonstrate the potential of asbestos to induce epigenetic 
alterations, the exact mechanisms by which these factors contribute to 
cell toxicity and the progression to malignancy remain unclear.

Also, studies have demonstrated that epigenetic modifications, 
particularly DNA methylation, have the potential to effectively 
identify individuals who are at a heightened risk of developing lung 
cancer (Figure  5) (140). The connection between promoter DNA 
hypermethylation and inflammation has been extensively documented 
in various types of cancer, including lung cancer caused by asbestos 
exposure (141). It is postulated that the relationship between asbestos 
exposure and the formation of lung cancer is mediated through this 
mechanism (136). Genomic investigations have unveiled alterations 
in DNA copy numbers, modifications in miRNA profiles, and 
dysregulation of the expression of specific genes in asbestos-related 
lung cancer (141, 142). Nonetheless, the precise molecular interactions 
between asbestos fibers and cells, whether direct or indirect, remain 
largely unknown (143). Figure 5 present potential molecular responses 
of affected cells to asbestos. When cells are exposed to asbestos, the 

FIGURE 5

Potential molecular responses of cells to asbestos. When cells are exposed to asbestos, the generation of reactive oxygen species (ROS) will lead to 
alteration of DNA methylation and microRNA (miRNA) expression/processing, resulting in cell apoptosis or epigenetic alterations that allow cells to 
progress to diseased states. HDACs: histone deacetylase, DNMTs: DNA methyl transferases, drosha is a class 2 ribonuclease III enzyme that in humans 
is encoded by the DROSHA gene, Dicer: known as endoribonuclease Dicer or helicase with RNase motif, is an enzyme that in humans is encoded by 
the DICER1 gene.
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generation of ROS will lead to alteration of DNA methylation and 
microRNA (miRNA) expression/processing, resulting in cell apoptosis 
or epigenetic alterations that allow cells to progress to diseased states.

Conclusion

In this review, occupational respiratory complications and lung 
diseases in workers exposed to stimulators and allergens in Iran were 
discussed. Respiratory complications in mines and factories workers 
have become more prevalent compared to the general population. 
Based on the literature, presence of factors that contribute to 
bronchitis, asthma, lung cancer, tuberculosis in the workplace should 
be identified as early as possible.

Occupational respiratory disease is considered a preventable 
disease, and avoidance of exposure to major risk factors can prevent 
the vast majority of cases specially in developing countries. The 
present review add to the literature on the prevalence of occupational 
respiratory disease in Iran and will help policy-makers, specialists, and 
all stakeholders to strategize and evaluate medical services required 
for reducing the prevalence of respiratory diseases. Although this 
review article presented the occupational respiratory disorders in Iran, 
it will serve as baseline information for future national and regional 
studies of occupational respiratory disease.

Education of workers about potential occupational pollution 
should be pay more attention to the safety and health principles of the 
workplace, factories, and mines. Use of the safety and health systems 
will help reducing respiratory illnesses in the works and employees in 
preventing respiratory diseases.
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