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Abstract

Objective

To assess the effects of workplace exposure to hardwood dust on lung function and deter-

mine a prevalence of respiratory symptoms among wood workers.

Study design

Cross-sectional observational study.

Setting

Tertiary referral center.

Subjects and methods

Two hundred seventy-six, non-smoker male wood workers and equal number of non-

smoker male office workers, referred to pulmonology clinic included in this study. Evaluation

of study participants included completion of a questionnaire regarding respiratory symptoms

and baseline spirometry was measured according to the actual recommendations.

Results

Respiratory symptoms including cough, phlegm, chest tightness, and wheezing were signifi-

cantly higher in wood workers than office workers (40.2% versus 29.3% for cough, p =

0.0073; 40.6% versus 23.6% for phlegm, p<0.0001; 38.0% versus 23.1% for chest tight-

ness, p = 0.0001; 25.3% versus 14.5% for wheezing, p = 0.0014).

No statistically significant differences were observed for Dyspnea, and upper respiratory

tract symptoms among wood workers compared to office workers. While wood workers
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were more likely to require spirometry test than office workers (21.4% versus 5.4%,

p<0.001) the obstructive changes were more prevalent on spirometry test in wood workers

(71.4% obstructive pattern versus 28.6% restrictive pattern). Spirometry test revealed the

mean values of FEV1 and FEV1/FVC ratio were significantly lower in the wood workers,

compared to their mean values in the control group.

Conclusion

Respiratory symptoms associated with work, are more prevalent among wood workers than

office workers. Our data revealed that workplace exposure to hardwood dust may compro-

mise respiratory function, indicating the importance and the need for optimizing preventive

measures in workplace to protect the respiratory health among exposed workers. Obstruc-

tive changes on pulmonary function test is a dominant pathologic pattern in pulmonary func-

tion test among wood workers. Further investigation is required by current available tools

such as nasal cytology to detect influence of wood dust exposure on the upper respiratory

airway.

Introduction

Occupational lung disease comprises a broad spectrum of disorders as a result of inhalation or

ingestion of noxious chemicals or dust particles, and despite governmental safety standard reg-

ulations, it remains one of the most common work-related injuries worldwide[1, 2].

Factors predisposing industrial workers to respiratory diseases include heavy, short or pro-

longed exposure to gases, chemicals, and dust. Occupational exposure to dust and chemical

leads to irritation and initiation of inflammatory responses in the host respiratory system, that

require the engagement of different regulatory cellular pathways. Alveolar macrophages dem-

onstrate the pro-inflammatory and anti-inflammatory properties that contribute to the pulmo-

nary hemostasis[3] (Fig 1).

As an example prolong unprotected inhalation of wood smokes leads to series of respiratory

symptoms including nasal congestion, cough, chest tightness and wheezing[4]. On the other

hand, industrial wood operations like peeling, slicing, milling, drilling, and sawing give out

fine wood dust which becomes airborne. This contains wide-ranging chemicals, including cel-

lulose, hemicelluloses, lignin as well as extraneous materials and may result in respiratory

health chanllenges[5, 6]. Non-smoker male wood workers exposed to natural hardwood dust

had significantly lower selected respiratory parameters than their counterparts working in the

offices[7]. In 2008 Schlunssen et al. reported wood dust exposure might causes respiratory

symptoms in sawmill workers despite being exposed to relatively low levels of chemical parti-

cles[8]. This on one hand, devoid these workers from safety and welfare facilities, and on the

other hand puzzle the policymakers to estimate the burden of the health problem.

Nowadays, the importance of preventive measures widely accepted, however the effect of

occupational exposure to airborne agents in the development of lung disease is still not fully

understood; hence it is ripe for research and requires further investigations.

This study compared the lung function and 12 months period prevalence of respiratory

symptoms between a group of non-smoker male wood workers exposed to natural hardwood

dust and smoke and a group of unexposed non-smoker male office workers.
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Material and methods

A cross-sectional observational study was carried out among male wood workers, and equal

number of male office workers whom referred to pulmonology clinic, between 2008 and

2018.

Institutional review board approval was obtained from the Qom University of Medical Sci-

ence. Male woodworkers with a variety of respiratory complains were included, although

patients with history of smoking or chronic respiratory disease diagnosed by a physician were

excluded. Informed consent from participants obtained before entering the study. A 12

months period prevalence of respiratory symptoms and mean values of spirometric parame-

ters was compared.

Respiratory symptoms questionnaire

All participants allowed to fill the questionnaire regarding demographic information, past

medical history, and respiratory symptoms.

Respiratory symptoms in the last 12 months, including wheezing, cough, phlegm, chest

tightness, dyspnea, nasal congestion, rhinorrhea, and sore throat were recorded. [9, 10].

Fig 1. Schematic view of respiratory system homeostasis in response to dust and chemical exposure. Occupational

exposure to dust and chemical leads to irritation and initiation of inflammatory responses in the host respiratory system,

that require the engagement of different regulatory cellular pathways. Alveolar macrophages demonstrate the pro-

inflammatory and anti-inflammatory properties that contribute to the pulmonary hemostasis. IAM: intra alveolar

macrophage, PI: type one pneumocyte, PII: type two pneumocyte, BC: basal cell, PCCoC: pseudostratified ciliated

columnal epithelial cell, SCCoC: simple ciliated columnar epithelial cell, SCCuC: simple ciliated cuboidal epithelial cell,

GC: goblet cell, CC: Clara cell, SM: smooth muscle.

https://doi.org/10.1371/journal.pone.0224860.g001
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The questionnaire was translated into Farsi and back translated into English (S1 and S2

Forms). The study team was particularly trained to make sure that the participants were able

to truly comprehend the meaning of all questions.

Lung function measurement

All Spirometry measurements were performed by trained pulmonology clinical technician.

Spirometry test was completed using Spirolab II (Spirolab II, SDI, USA) auto-calibrating

device. The original commercial protocol was consistently utilized. For validation and accu-

racy of testing, equipment quality control, including regular calibration checks before testing

was performed, according to the American Thoracic Society recommendations[11].

Forced expiratory volume in the first second (FEV1), forced vital capacity (FVC), and the

ratio (FEV1/FVC) standardized for age, gender, height, body surface area, and duration of

exposure were assessed. There were no subjects in neither group with contraindication for

spirometry.

Microsoft Excel (Microsoft) and GraphPad Prism 8.0 software (GraphPad) were used to

run statistical analyses. Two-tailed, unpaired student’s t-tests were used to determine statistical

significance. p<0.05 was considered to be significant.

Results

Of the 420 male woodworker who initially assessed, 144 patients were excluded due to history

of smoking or chronic respiratory disease diagnosed by a physician (i.e. lung cancer, COPD,

asthma, idiopathic pulmonary fibrosis, etc.). An equal group of non-smoker male office work-

ers matched to woodworkers by age and duration of employment at actual workplace was

included as a control (n = 276) (Table 1).

Reviewing patient medical records revealed that ischemic heart disease found more preva-

lent among office workers than wood workers (7.2% versus 3.3%, p = 0.0366) (Table 2).

The prevalence of respiratory symptoms analyzed (in the absent of pulmonary infection or

common cold):

Table 1. Demographics of the study subjects.

Variable Wood workers (n = 276) Office workers (n = 276)

Age (years) 46.36 ± 7.72 49.18 ± 10.90

BMI (kg/m2) 25.28 ± 4.08 25.12 ± 3.44

Duration of employment < 15 years 172 (62.32%) 182 (65.94%)

Duration of employment� 15 years 104 (37.68%) 94 (34.06%)

Values shown for continuous variables are mean ± SD; number and percentage for categorical variables. BMI: body mass index; kg: kilogram; m: meter.

https://doi.org/10.1371/journal.pone.0224860.t001

Table 2. Past medical history of the study subjects.

Medical history Wood workers (n = 276) Office workers (n = 276) P-value�

Diabetes mellitus type II 12 (4.3%) 18 (6.5%) 0.2600

Arterial hypertension 10 (3.6%) 12 (4.3%) 0.6634

Dyslipidemia 8 (2.9%) 5 (1.8%) 0.3998

Ischemic heart disease 9 (3.3%) 20 (7.2%) 0.0366

Musculoskeletal disorders 13 (4.7%) 5 (1.8%) 0.0552

� Chi-square test.

https://doi.org/10.1371/journal.pone.0224860.t002
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Upper respiratory tract symptoms

Twelve-month period prevalence of nasal congestion, rhinorrhea, and sore throat, were not

significantly different in wood workers that office workers (6.1% versus 5.8% for nasal conges-

tion, p = 0.8575; 4.0% versus 6.9% for rhinorrhea, p = 0.1331; 18.5% versus 23.2% for sore

throat, p = 0.1730) (Fig 2, and S1 Table).

Lower respiratory tract symptoms

Twelve-month period prevalence of cough, phlegm, chest tightness, and wheezing, were signif-

icantly higher in wood workers than office workers (40.2% versus 29.3% for cough, p = 0.0073;

Fig 2. Twelve months period prevalence of respiratory symptoms, among wood workers and office workers. �p<0.05, ��p<0.01, ���p<0.001.

https://doi.org/10.1371/journal.pone.0224860.g002
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40.6% versus 23.6% for phlegm, p<0.0001; 38.0% versus 23.1% for chest tightness, p = 0.0001;

25.3% versus 14.5% for wheezing, p = 0.0014). Prevalence of dyspnea was not significantly dif-

ferent in wood workers than office workers (21.3% versus 18.8% for dyspnea, p = 0.4573) (Fig

2, and S1 Table).

Respiratory symptoms in 8.4% of wood workers, described as a “major medical illness”,

however only 4% of office workers described respiratory symptoms as a “major medical ill-

ness” during the last twelve months (p = 0.0336). Similarly, 9.6% of wood workers reported,

respiratory illness as a reason for quit/change job during the last twelve months, compared to

3.9% of office workers who had to quit/change their job due to respiratory involvements

(p = 0.0036).

Moreover, a significant difference was found in the prevalence of respiratory symptoms

including cough, phlegm, chest tightness, among the wood workers with duration of exposure

15 years and longer compared to those with shorter duration of exposure at the actual work-

place (45.93% versus 30.77% for cough, p = 0.01280; 55.23% versus 16.35% for phlegm,

p<0.0001; 43.60% versus 28.85% for chest tightness, p = 0.0144) (Table 3). In contrast such dif-

ference was not identified for respiratory symptom in the last 12 months among the office

workers.

Spirometry test indicated with higher rate in wood workers than office workers (21.4% ver-

sus 5.4%, p<0.001). Spirometry test analysis in wood workers who agreed to have spirometry

test (n = 48) revealed 25% abnormal readings.

The mean values of parameters measured in spirometry (FEV1 and FEV1/FVC) were signif-

icantly lower in the wood workers than office workers (85.20±8.34 versus 90.30±10.03 for %

predicted FEV1, p = 0.023; 84.11±26.17 versus 88.24±18.02 for FEV1/FVC, p = 0.031)

(Table 4).

The mean values of parameters measured in spirometry (FEV1 and FEV1/FVC) were signif-

icantly lower in the wood workers with duration of exposure 15 years and longer at the actual

workplace than those with duration of exposure of shorter than 15 years (86.31±7.23 versus

83.02±6.16 for %predicted FEV1, p = 0.018; 85.04±25.24 versus 82.41±24.44 for FEV1/FVC,

Table 3. Twelve months period prevalence of respiratory symptoms, among wood workers with duration of exposure at the actual workplace more and less than 15

years.

Respiratory symptoms in the last 12 months Duration of employment < 15 years (n = 172) Duration of employment � 15 years (n = 104) P-value�

Cough (n = 111) 79 (45.93%) 32 (30.77%) 0.01280

Phlegm (n = 112) 95 (55.23%) 17 (16.35%) <0.0001

Chest tightness (n = 105) 75 (43.60%) 30 (28.85%) 0.0144

Wheezing (n = 70) 44 (25.58%) 26 (25.00%) 0.9143

Dyspnea (n = 59) 31 (18.02%) 28 (26.93%) 0.0805

� Chi-square test.

https://doi.org/10.1371/journal.pone.0224860.t003

Table 4. Spirometry test result.

Spirometry test Wood workers (n = 48) Office workers (n = 48) P-value�

% predicted FEV1 85.20 ± 8.34 90.30 ±10.03 0.023

% predicted FVC 83.15 ± 21.27 87.43 ± 14.15 0.720

FEV1/FVC 84.11 ± 26.17 88.24 ± 18.02 0.031

Mean baseline values of spirometric parameters of study subjects.

�Compared by Independent-samples T-test.

https://doi.org/10.1371/journal.pone.0224860.t004
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p = 0.041) (Table 5). However, such difference was not identified in the office workers.

Obstructive lung disease was the most common pattern among wood workers with abnormal

spirometry reading (71.4% obstructive pattern versus 28.6% restrictive pattern).

Discussion

Occupational lung diseases are caused by pathologic responses of the airway to the working

environment, leading to a substantial social and economic burden worldwide.

In addition to particle material, duration of exposure is an important factor determining

host immune system response[12]. Experience has indicated that inflammatory response in

the respiratory system can result in persistent symptomatic respiratory illnesses. While regular

pulmonology visits with detailed physical examination is recommended in patients who

chronically exposed to dust and particle in the working environment, a pulmonary function

test should be considered in those with persistent respiratory symptom. Pulmonologists should

be aware of the pattern and the ability to identify minimal changes in pulmonary function test,

compared to the patient’s baseline, and incorporate this review routinely when searching for

causes of respiratory illness in patient with occupational exposure.

Wood dust generated during sawing, carving, and drilling are made up of tiny particles of

sub-5 μm which by-pass the filtering mechanism of the upper respiratory tract and penetrate

into the lower respiratory system. Inflammation and subsequent scar tissue production in

lungs results in comprised lung function and increased the risk of pulmonary diseases[5].

Previous studies investigating the association between occupational exposure to wood dust

and the prevalence of chronic obstructive lung disease (COPD) displayed conflicting results

[13–15]. Lung function change, described in wood workers has in several longitudinal studies

been correlated to the level of organic dust exposure. In 1996, Noertjojo et al. examined 243

sawmill workers, who exposed to red cedar in 11 years follow up study, and their evaluations

revealed that chronic exposure to western red cedar dust is associated with decline in lung

function that is not due to presence of asthma[16].

Importance of industrial hygiene aimed to reduce the dust exposure among wood workers

using technical improvements, including sharp cutting edge and local and general industrial

ventilation systems like exhaust ventilation device and high efficiency particulate filters[17].

Protective clothing, goggles, and gloves are needed to reduce skin exposure to sawdust. Dust

mask is also helpful in providing some forms of protection against inhalation of wood dust

[18]. In addition, sawmill industries should be encouraged to purchase a gravimetric air sam-

pling device in order to assess the concentration of sawdust within their workplace[19].

The present study aimed to determine the comparative study of the respiratory symptoms’

prevalence among wood workers. In summary, these data indicate that wood workers had sig-

nificantly higher prevalence of respiratory symptoms, including the number of attacks of

wheezing, cough, phlegm and chest tightness and changes in the spirometry test. To the best

Table 5. Spirometry result.

Spirometry test Wood workers (n = 48) P-value�

Duration of employment < 15 years (n = 32) Duration of employment � 15 years (n = 16)

% predicted FEV1 86.31 ± 7.23 83.02 ± 6.16 0.018

% predicted FVC 83.39 ± 21.01 82.75 ± 20.87 0.832

FEV1/FVC 85.04 ± 25.24 82.41 ± 24.44 0.041

Mean baseline values of spirometric parameters among wood workers with duration of exposure at the actual workplace longer and shorter than 15 years

�Compared by Independent-samples T-test.

https://doi.org/10.1371/journal.pone.0224860.t005
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our knowledge this is first study conducted among large patient population, evaluated both

upper and lower respiratory tract symptoms and consistently warranted the importance of reg-

ular follow up among patient who exposed to wood dust in the working environment.

A limitation of this study was the lack of enough data to support spirometric changes

among wood workers. Though the results of this study suggest significantly lower FEV1 and

FEV1/FVC ratios among wood workers, they are both within the normal range based on

guidelines. Additional prospective studies relating changes in lung volumes among wood

workers are needed to further establish the benefit of regular screening test to detect minimal

deterioration in lung function in patients whom exposed to wood dust in the working

environment.

In 2015 Staffieri et al. reported higher prevalence of nasal symptoms among woodworkers

compared to control group (62% vs 41% respectively, p< 0.00001)[20], however in our study

we were unable to detect such difference between wood workers and office workers. It could

be explained by differences in the patient population were studied (e.g. different history of

smoking) and/or because of the lack of objective tool in our study to precisely analyze any pos-

sible changes in upper respiratory airway. Further investigation is required by current available

tools such as nasal cytology to detect influence of wood dust exposure on the upper respiratory

airway[21].

Another limitation of the present study was the lack of ability to assess correlation between

the severity of respiratory symptoms and the duration of exposure to wood dust among wood

workers. We were unable to acquire more detailed history regarding the respiratory symptoms

among our patient population given the cross-section nature of the current study. This

requires prospective study with frequent clinical visit and monitoring to reduce the recall bias

among participant.

Finally, education of employers and employees concerning the effects of wood dust on

health and safety measures are essential for the success of occupational health programs.

Conclusion

In conclusion findings suggested respiratory symptoms associated with work, are more preva-

lent among wood workers than office workers. Both the prevalence of respiratory symptoms

and the reduction of spirometric parameters among wood workers correlated with the dura-

tion of the workplace exposure to wood dust. Additionally, obstructive changes on pulmonary

function test is a dominant pathologic pattern in spirometry test among wood workers.

Our data revealed that workplace exposure to hardwood dust may compromise respiratory

function, indicating the importance and the need for optimizing preventive measures in work-

place to protect the respiratory health among exposed workers.

Supporting information

S1 Form. Respiratory symptoms questionnaire in Farsi.

(PDF)

S2 Form. Respiratory symptoms questionnaire in English.

(DOCX)

S1 Table. Twelve months period prevalence of respiratory symptoms, among wood work-

ers and office workers.

(PDF)

PLOS ONE Respiratory symptoms and spirometric changes among wood workers

PLOS ONE | https://doi.org/10.1371/journal.pone.0224860 March 18, 2020 8 / 10

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224860.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224860.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224860.s003
https://doi.org/10.1371/journal.pone.0224860


Acknowledgments

We thank Jessica Fuhriman for insightful comments on the manuscript, and Sonia Poala

Rosina Monti and Sara Talaei for excellent technical support.

Author Contributions

Conceptualization: Davood K. Hosseini, Vahab Malekshahi Nejad, Haiying Sun, Hanieh K.

Hosseini, Seyyed Hassan Adeli.

Data curation: Davood K. Hosseini, Vahab Malekshahi Nejad, Haiying Sun, Hanieh K. Hos-

seini, Seyyed Hassan Adeli.

Formal analysis: Davood K. Hosseini, Vahab Malekshahi Nejad, Hanieh K. Hosseini, Seyyed

Hassan Adeli, Tian Wang.

Investigation: Davood K. Hosseini, Haiying Sun, Hanieh K. Hosseini, Seyyed Hassan Adeli,

Tian Wang.

Methodology: Vahab Malekshahi Nejad, Seyyed Hassan Adeli.

Project administration: Davood K. Hosseini.

Software: Davood K. Hosseini, Vahab Malekshahi Nejad, Hanieh K. Hosseini.

Supervision: Davood K. Hosseini.

Visualization: Davood K. Hosseini.

Writing – original draft: Davood K. Hosseini, Vahab Malekshahi Nejad, Haiying Sun, Hanieh

K. Hosseini, Seyyed Hassan Adeli.

Writing – review & editing: Davood K. Hosseini, Hanieh K. Hosseini, Tian Wang.

References
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