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Abstract

Introduction: Working activities in viticulture are accompanied by exposure to numerous
occupational respiratory hazards that can cause damage to the respiratory system, but also to other
organs and systems.

Aim of the study: To determine the frequency of chronic respiratory symptoms and
ventilatory function in a group of vineyard workers.

Material and methods: The study included 45 vineyard workers. All of them completed
the questionnaire on the occurrence of respiratory symptoms and underwent spirometric testing,
while occupational exposure was evaluated with job exposure matrices for respiratory hazards.

Results: A high frequency of active smokers (57%) and a relatively low frequency of ex-
smokers (15%) were registered. Preventive health examinations of different types were performed
in most subjects (over 80%) at different time intervals. Most of the vineyard workers believe that
they are sufficiently informed about the health risks related to their work activities and the
necessary measures needed for health protection. Also, most of them use the mandatory personal
protective equipment, while almost all workers during their work, to a greater or lesser extent,
were exposed to occupational respiratory hazards: dust, smoke, fumes, gases and pesticides. About
45% of subjects had one or more respiratory symptoms, and the most common symptoms were
cough (40%), cough with phlegm (31.1%), as well as dyspnea and wheezing (22.2%). The
frequency of chronic respiratory symptoms was higher in workers with more than 15 years of
exposure, with a statistically significant difference in frequency of cough, cough with phlegm, and
dyspnea. The risk of respiratory symptoms was about 3 times higher in active smokers and about
2 times higher in vineyard workers with exposure duration longer than 15 years. The mean values
of all spirometric parameters were within the reference values, while lung function impairment of
obstructive, restrictive and combined pattern was registered in about 20% of them. The mean
values of spirometric parameters in vineyard workers with exposure duration longer than 15 years
were lower than those with less than 15 years of experience, with a significant difference for small
airways flow indices. Most subjects were regularly exposed to moderate levels of dust and rarely
and occasionally exposed to low to medium levels of gases/fumes/vapors and pesticides.
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Conclusion: Higher frequency of respiratory symptoms and lung function abnormalities
were registered in the vineyard workers. The obtained results indicate the need to improve
preventive measures in order to reduce the work-related health risks.

Keywords: ventilatory function, viticulturists, smoking, respiratory symptoms, spirometry,
job exposure matrices

Introduction

Viticulture refers to the cultivation of grapes, either for consumption or for making wine,
and deals with the study and production of grapes, encompassing everything that take place in the
vineyard. The vineyard worker's calendar includes the study of the grapes that are harvested and
transported to the winery, pruning the vines in winter, plowing the soil to loosen it and expose the
base of the vines, their flowering, and pruning the vines to obtain grapes in summer. Vineyard
workers do not produce wines, but only supervise and study the growth process!!). In Macedonia,
grapevine began to be cultivated under the dominance of Mediterranean civilizations, and the
greatest influence was exerted by the Roman Empire. The success of viticulture and winemaking
is primarily conditioned by the existence of favorable agro-ecological conditions, which in the
Republic of Macedonia are present and enable uninterrupted and high-quality cultivation of a large
number of varieties, both table and wine grape!?!.

Vineyard workers have potential exposures to a very wide range of agents that are inhaled:
inorganic dust from the soil; organic dust containing microorganisms, mycotoxins or allergens;
decomposition gases; pesticides, etc. The variety of exposures and the circumstances in which they
occur can result in different degrees and types of respiratory responsel®. Modern agriculture
involves many different types of exposures to the respiratory system. While most exposures, such
as those to dust, bacteria, endotoxins, and spores, occur primarily in the workplace, other hazards,
such as storage mites, can be encountered not only in the workplace but also in the home
environment, and exposure to various chemicals can occur in fields, yards, gardens, or at home!*!.
The impact on the respiratory system can also vary considerably. Exposure to airborne substances
can affect the airways and, depending on the antigenic potential of the substances and the
susceptibility of the host, can result in asthma, an asthma-like syndrome, or chronic obstructive
pulmonary disease®!. According to current knowledge, a distinction has been made between
asthma and asthma-like syndrome, based on the view that asthma is a relatively progressive
condition often associated with antigenic exposure. On the other hand, asthma-like syndrome
suggests mild, mostly reversible airway obstruction in the context of a transient or mild increase
in nonspecific bronchial reactivity that primarily results from nonantigenic exposures!®..

Respiratory health and lung function are critical components of overall well-being,
particularly for individuals whose work environments expose them to unique occupational
hazards!”. Vineyard workers often face prolonged exposure to dust, pesticides, and other airborne
particles that can significantly impact respiratory health. Despite the growing attention to
occupational safety in agriculture, the respiratory challenges faced by vineyard workers remain an
underexplored area of study. Understanding the risks, identifying preventive measures, and
promoting awareness of respiratory health in this sector are crucial for safeguarding the workforce
and ensuring sustainable agricultural practices®!.

Occupational exposure to respiratory hazards in agricultural settings has been well
documented, with evidence linking such exposures to a range of chronic respiratory conditions!!.
Vineyard workers, in particular, are subjected to multiple inhalational agents, including organic
and inorganic dusts, pesticides, fungal spores, and pollens, as well as variable climatic conditions
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that may exacerbate airway inflammation and compromise pulmonary function over time. Despite
these recognized risks, there remains a paucity of data specifically addressing respiratory health
outcomes in this subset of agricultural workers™*..

Previous studies in similar occupational groups have demonstrated elevated prevalence
rates of chronic bronchitis, wheezing, dyspnea, and other lower respiratory tract symptoms, often
associated with measurable declines in lung function parameters such as forced vital capacity
(FVC) and forced expiratory volume in one second (FEV1)>!%. However, vineyard work presents
unique exposure profiles related to viticulture practices; yet this population has not been
sufficiently characterized in terms of chronic respiratory morbidity and lung function
impairment!! 121,

The study objective was to determine the frequency of chronic respiratory symptoms and
lung function in a group of vineyard workers, to determine the relationship between chronic
respiratory symptoms and the values of pulmonary functional parameters with certain
characteristics of the studied workers (age, duration of exposure, smoking, length of smoking
experience and specific occupational exposure), to determine the characteristics of occupational
exposure by applying occupational exposure matrices, as well as to define recommendations for
the prevention of chronic respiratory disorders and the promotion of respiratory health among
vineyard workers. By identifying the respiratory health burden in this population, the findings may
contribute to improved occupational health surveillance, early intervention strategies, and the
development of evidence-based preventive measures tailored to viticulture.

Subjects and Methods

Study design and setting

A cross-sectional study was conducted in the Center for Respiratory Functional
Diagnostics by the team from the Institute for Occupational Health, Skopje in the period from
March 2019 to February 2020, when the data collection was terminated due to Covid-19 pandemic
outbreak.

Study population

This cross-sectional study included 45 vineyard workers (mean age = 48.1 £ 11.8 years,
range: 24-6 years) from the Tikvesh region, who were registered and worked as individual farmers
or were associated in cooperatives (mean exposure duration 23.4 + 10.2 years, range: 1-38 years).
Within the framework of their job activities, they were engaged to work mainly in open space for
cultivating and growing vines, i.e. for growing grapes, both for eating and wine production. Their
daily work included activities such as: digging, planting and weeding, watering, harvesting grapes
and transporting them to the wineries, pruning the vineyards in winter, plowing the soil to loosen
it and uncover the base of the vineyards, their flowering and pruning the vineyards to obtain grapes
in summer, cleaning work areas, etc.

The effect of occupational exposure among the examined vineyard workers was monitored
through their exposure to a specific respiratory hazard and according to their work activities, that
is, exposure to each hazard individually, but also combinations of exposure to several occupational
respiratory hazards simultaneously. The study used data on exposure to respiratory hazards as well
as the work activities they performed, along with a detailed work history.

In doing so, they were exposed to a wide range of respiratory hazards such as: dust,
temperature changes, pesticides, artificial fertilizers, exhaust gases, moisture, drafts and others.
Exposure to occupational respiratory hazards (dust, gases, fumes, vapors, pesticides) for each
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respondent was estimated according to data from the matrix for occupational exposure to
respiratory hazards, making it consistent with certain work activities among agricultural workers.
Inclusion criteria: persons aged 18 to 65 years, male or female, engaged in viticulture, who were
exposed to at least one occupational respiratory hazard (dust, gases, fumes, vapors, pesticides)
during their work.

Exclusion criteria: persons younger than 18 or older than 65 years, persons not engaged in
viticulture. In order to avoid selection bias and errors in the results of the study, persons aged 18-
65 years who were exposed to respiratory hazards related to other work activities, not only
viticulture, were not included.

Depending on the duration of exposure, the examined workers were divided into two
subgroups: those exposed for less than 15 years and those exposed for more than 15 years. The
study did not comprise any person in whom spirometry testing was contraindicated. The Institute’s
Ethics Committee approved the content of our study protocol, whereas all examined subjects were
informed about the objectives of the study and were willing to participate in the study.

Study protocol - Questionnaire

All study subjects were interviewed by a physician and completed a standardized
questionnaire including questions on work history, respiratory symptoms in the last 12 months,
and smoking habit. Chronic respiratory symptoms in the last 12 months (cough, phlegm, dyspnea,
wheezing, and chest tightness) were obtained using the European Community for Coal and Steel
questionnaire (ECCS-87), and the European Community Respiratory Health Survey (ECRHS)
questionnaire!!'*'#]. Classification of smoking status was done according to the World Health
Organization (WHO) guidelines on definitions of smoking status!'*!. Daily smoker was defined as
a subject who smoked at the time of the field survey at least once a day, except on days of religious
fasting. Among daily smokers, lifetime cigarette smoking and the daily mean of cigarettes smoked
were also assessed. Pack-years smoked were calculated according to the actual
recommendations!'®), An ex-smoker was defined as a former daily smoker, who no longer smokes.
Passive smoking or exposure to environmental tobacco smoke (ETS) was defined as the exposure
of a person to tobacco combustion products from smoking by others!!”!,

Baseline spirometry

All study subjects underwent spirometry testing, performed with the spirometer Ganshorn
SanoScope LF8 (Ganshorn Medizin Electronic GmbH, Germany), measuring forced vital capacity
(FVC), forced expiratory volume in one second (FEV1), FEV1/FVC ratio, and maximal expiratory
flow at 50%, 75%, and 25-75% of FVC (MEF50, MEF75, and MEF25-75, respectively), by
recording the best result of three measurements of FEV1 values within 5% of each other. The
results were expressed as percentages of the predicted values according to the European
Community for Coal and Steel (ECCS) norms. The spirometry results were given as percent of
their predicted values due to the current European Respiratory Society (ERS) and American
Thoracic Society (ATS) recommendations, including reproducibility and acceptability!!®].

Job exposure matrices

To assess occupational exposure to respiratory agents among dairy farmers, we used job
exposure matrices recommended by the European Association of Schools of Occupational
Medicine (EASOM), both qualitative matrix, and quantitative matrix with exposure intensity and
exposure frequency!’],
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Statistical analysis

Data were analyzed using Statistica for Windows, version 7. Continuous variables were
expressed as mean values with standard deviation and categorical variables as numbers and
percentages. The chi-square test (or Fisher’s exact test) was used for testing differences in the
prevalence of respiratory symptoms, while the comparison of spirometric measurements was
performed by independent-samples t-test. A P-value of less than 0.05 was considered statistically
significant. Logistic regression analysis was used to assess the risk for chronic respiratory
symptoms, asthma and COPD development within job-exposure matrices, adjusted for age and
smoking habit. Study variables were checked for normality by Kolmogorov-Smirnov and Shapiro-
Wilk’s W test.

Results

The study population included 45 vineyard workers, 31(68.9%) men and 14(31.1%)
women, aged 24-65 years. The data obtained from the work history of the surveyed vineyard
workers were of particular importance for the current study. Their average total work experience
was 25.3 + 12.8 years, and the average experience at the current job position was 23.4 + 10.2 years.
All subjects were exposed to occupational respiratory hazards to a greater or lesser extent during
their work: dust, fumes, vapors, gases and pesticides.

The examined subjects were recruited during their preventive check-ups at the Institute for
Occupational Health of R. North Macedonia - Skopje.

The demographic characteristics of the subjects are shown in Table 1.

Table 1. Demographics of the study subjects

5 Subjects
Variables (n=45)
Males 31 (68.9%)
Gender Females 14 (31.1%)
Ratio males/females 2.2
48.1£11.8
Age (years) range (24-65)
. 253+ 12.8
Total work experience (years) range (1-42)
Work experience at current job 23.4+10.2
position (years) range (1-38)
Exposure length longer than 15 years 32 (71.1%)
Place of residence
City 6 (13.3%)
Village 39 (86.7%)
Home heating method
- Wood and/or coal 37 (82.2%)
- Electric current 8 (17.8%)

Frequencies are shown as the number and percentage of subjects with
certain variable. Numerical data are expressed as mean value with
standard deviation.

Smoking status is shown in Table 2. The survey registered 26(57.7%) active smokers with
an average smoking experience of 21.7 + 8.3 years, and the average number of cigarettes smoked
during the day was 18.3 + 10.4 cigarettes/day. Former smokers (15.5%) had an average smoking
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experience of 10.1 £ 6.5 years, with 17.4 + 10.3 cigarettes smoked/day, as the average number of
cigarettes, during the period when they smoked, while a relatively small proportion of subjects

(20%) were passively exposed to tobacco smoke.

Table 2. Smoking status in vineyard workers

Smoking status (S::jgts
Active smokers 26(57.7%)
Smoking experience (years) 21.748.3
range (years) (3-41)
Average number of cigarettes per day 18.3+10.4
range (years) (6-40)
Ex-smokers 7(15.5%)
Smoking experience of former smokers (years) 10.146.5
range (years) (2-23)
Average number of cigarettes among former smokers 17.4£10.3
range (years) (4-30)
Passive smokers 9(20%)

Frequencies are shown as the number and percentage of subjects with certain
variable. Numerical data are expressed as mean value with standard deviation.

The most common respiratory symptoms in vineyard workers were: cough (40%), cough
with phlegm (31.1%), as well as dyspnea and wheezing (22.2%). It is important to note that chronic
respiratory symptoms in 8 (17.8%) subjects were more pronounced while at work. The frequency
of chronic respiratory symptoms is presented in Table 3.

Table 3. Frequency of chronic respiratory symptoms in vineyard workers

Respiratory symptoms S(l:l b__":gs
Overall respiratory symptoms in the last 12 months 21 44.4%)
Wheezing at any time in the last 12 months 10(22.2%)
Wheezing followed by shortness of breath or dyspnea in the last 12 months 8(17.8)
Chest tightness in the last 12 months 7(15.6%)
Shortness of breath or dyspnea in the last 12 months 10(22.2%)
Dry cough in the last 12 months 18(40%)
Cough with phlegm for at least 3 months each year or in the last 12 months 14(31.1%)
Cough with phlegm for at least 3 months in at least two consecutive years 11(24.4%)
Worsened symptoms during work 8(17.8%)

Frequencies are shown as the number and percentage of subjects with certain variable.

Table 4. Frequency of chronic respiratory symptoms in the last 12 months in vineyards workers
according to the length of exposure
Respiratory symptoms in Exposed > 16 years  Exposed < 15 years

the last 12 months (n=32) (n=13) eI UG
Any respiratory symptom 16 (50%) 5 (38.5%) 0.488
Cough 15 (46.8%) 3 (23.1%) 0.048*
Cough with phlegm 10 (31.2%) 1(7.7%) 0.039*
Dyspnea 9 (28.1%) 1 (7.7%) 0.047*
Wheezing 8 (25%) 2 (15.4%) 0.298
Chest tightness 5 (15.7%) 2 (15.4%) 0.946

Frequencies are shown as the number and percentage of subjects with certain variable.
* Tested by chi square test or by Fisher’s exact test.

152



Stoleski S. et al. Chronic respiratory symptoms and lung function among vineyard workers

The frequency of chronic respiratory symptoms in the last 12 months was higher among
vineyard workers with an exposure experience of more than 15 years compared to those with an
exposure experience less than 15 years, with a significant difference found for cough, cough with
phlegm, and dyspnea (Table 4).

The association of respiratory symptoms with the duration of exposure and with active and
passive smoking among the examined vineyard workers is shown in Table 5.

Table 5. Association between exposure duration and active and passive smoking with
respiratory symptoms in the last 12 months among the examined vineyard workers

Variable n =45 P- value *
Exposure duration <15 years with respiratory symptoms ~ 5/13 (38.5%) P=0.488
Exposure duration >16 years with respiratory symptoms ~ 16/32 (50%)
Active smokers with respiratory symptoms 22/26 (84.6%) P=0.021*
Active smokers without respiratory symptoms 4/26 (15.4%)
Passive smokers with respiratory symptoms 6/9 (66.7%) P=0.354
Passive smokers without respiratory symptoms 3/9 (33.3%)

Frequencies are shown as the number and percentage of subjects with certain variable.
* Tested by chi square test.

The risk of respiratory symptoms was about 3 times higher in active smokers compared to
non-smokers (OR=3.20 (0.95-11.41) CI 95%), and about 2 times higher in vineyard workers with
exposure duration longer than 15 years compared to those with shorter duration of exposure
(OR=2.16 (0.63-9.89) CI 95%).

Table 6 gives an overview of mean values of spirometric parameters among examined
vineyard workers.

Table 6. Mean values of spirometric parameters
Spirometric parameter

(% of predicted value) Mean value
FVC (% pred.) 93.1+£9.6
FEV (% pred.) 86.2+ 8.8
FEV/FVC% 73.4+49
MEF>s (% pred.) 579+7.1
MEFso (% pred.) 582+72
MEF7s5 (% pred.) 59.2+6.7
MEF;5.75 (% pred.) 619+79

Numerical data are expressed as mean value with standard deviation.
FVC: forced vital capacity; FEV: forced expiratory volume in 1
second; MEF,s, MEFso, MEF75, MEF»5.75: maximum expiratory
flow rate at 25%, 50%, 75% and 25-75% of FVC, accordingly; %
pred: % of predicted value.

The mean values of spirometric parameters in vineyard workers with exposure duration
greater than 15 years were lower compared to those with exposure duration less than 15 years,
with a significant difference for airflow in small airways (MEFso, MEF75 and MEF25.75) (Table 7).

Table 7. Mean values of spirometric parameters in vineyards workers according to length of exposure

. . Exposed > 15 years Exposed < 15 years "
Spirometric parameters (n=32) (n = 13) P-value
FVC (% pred.) 923+9.1 94.2+89 0.322
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FEV/ (% pred.) 84.8+8.1 86.7+7.8 0.267
FEV/FVC% T1.3+4.7 73.9£42 0.080
MEFs (% pred.) 55.9+6.1 60.2+6.8 0.041%
MEFs (% pred.) 522459 59.6 + 6.4 0.029%
MEF3s.75 (% pred.) 578+79 62.3+8.1 0.038*

Numerical data are expressed as mean value with standard deviation.FVC: forced vital capacity; FEV:
forced expiratory volume in 1 second; MEF»s, MEFso, MEF 75, MEF,s.75: maximum expiratory flow rate
at 25%, 50%, 75% and 25-75% of FVC, accordingly; % pred: % of predicted value. * Tested by t-test
for independent samples.

The relationship between the obstructive ventilator pattern, duration of exposure and active
smoking among examined vineyard workers is illustrated in Table 8.

Table 8. Relationship between obstructive ventilatory pattern, exposure duration and
active smoking among vineyard workers

Variable n =45 P-value*

Exposure duration <15 years with obstructive
ventilatory pattern

C . .
Equsure duration >16 years with obstructive 432 (12.5%)
ventilatory pattern
Active smokers with obstructive ventilatory pattern 3/26 (11.5%) 0.298
Active smokers without obstructive ventilatory 1126 (3.8%)
pattern
Frequencies are shown as the number and percentage of subjects with certain variable.
* Tested by chi square test.

1/13 (7.7%) 0.641

No significant difference was found between the number of subjects with exposure
duration >16 years with registered obstructive ventilator pattern and those with exposure <15 years
with associated obstructive ventilator pattern (P=0.641). Also, there was no significant difference
between active smokers with and without registered obstructive ventilator pattern (P=0.298).
Table 9 gives an overview of job exposure matrices data among vineyard workers (qualitative
matrix, intensity and frequency).

Table 9. Job exposure matrices data on respiratory hazards in examined
vineyard workers

(n=45)
Job exposure matrices data
Qualitative job-exposure matrix
Exposure to dust 45 (100%)
Exposure to gases/fumes/vapors 41 (91.1%)
Exposure to pesticides 45 (100%)
Matrix with exposure intensity
Exposure to dust
low /
intermediate 28/45 (62.2%)
high 17/45 (37.8%)
Exposure to gases/fumes/vapors
low 39/41 (95.1%)
intermediate 2/41 (4.9%)
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high /
Exposure to pesticides

low 21/45 (46.7%)
intermediate 22/45 (48.9%)
high 2/45 (4.4%)

Matrix with exposure frequency
Exposure to dust

rare /
occasional 12/45 (26.7%)
regular 33/45 (73.3%)
Exposure to gases/fumes/vapors

rare 25/41 (60.9%)
occasional 16/41 (39.1)
regular /
Exposure to pesticides

rare 22/45 (48.9%)
occasional 22/45 (48.9%)
Regular 1/45 (2.2%)
Frequencies are shown as the number and percentage of subjects with certain
variable.

According to the data obtained by job-exposure matrices, almost all vineyard workers were
exposed to the listed occupational respiratory hazards. In terms of exposure intensity, the majority
were exposed to an intermediate level of dust and a low and intermediate level of exposure to
gases/fumes/vapors and pesticides. In terms of exposure frequency, the majority of vineyard
workers were regularly exposed to dust and rarely and occasionally to gases/fumes/vapors and
pesticides.

Discussion

Numerous studies conducted over the past few decades have shown a significantly higher
risk of respiratory morbidity and mortality among agricultural workers, demonstrating a link
between respiratory hazards in agriculture and the development of chronic respiratory symptoms,
as well as chronic lung diseases). The data obtained in the current study show that the most
common work activities of vineyard workers included: digging, planting and weeding, watering,
harvesting grapes and transporting them to the wineries, pruning vineyards in winter, plowing the
soil to loosen it and uncover the base of the vineyards, their flowering and pruning of vineyards to
obtain grapes in summer, cleaning work areas, etc. Their occupational exposure included
unfavorable microclimatic conditions, dust, chemical hazards and pesticides, contact with plants,
etc. This article delves into the factors affecting respiratory health among vineyard workers, the
potential consequences on lung function, and the importance of preventive strategies to mitigate
these risks.

The current study evaluated chronic respiratory symptoms and pulmonary ventilation in a
group of vineyard workers. The average length of exposure at the current workplace among
respondents was about 23 years, with over 70% of them having an exposure experience equal to
or greater than 15 years. A relatively high prevalence of active smokers (about 57%) was registered
among vineyard workers, which is somewhat higher than that in the previous research by Stoleski
et al. among agricultural workers!?-?2], The largest number of vineyard workers, who were active
smokers, had a smoking experience of 11-20 years and smoked 11-20 cigarettes during the day,
while the frequency of passive and former smokers was 15.5% and 20%, respectively.
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Many epidemiological and clinical studies indicate a higher prevalence of chronic
respiratory symptoms and pulmonary ventilation disorders in agricultural and especially vineyard
workers compared to other professions. The prevalence of people with chronic respiratory
symptoms in the current study among vineyard workers was 44.4%, and about 20% of them
indicated a work-related deterioration. The results indicated a higher frequency of cough (40%),
cough with phlegm (31.1%), as well as dyspnea and wheezing (22.2%). In the study by Minov et
al. (71) including workers engaged in the production of fruit teas, the prevalence of people with
respiratory symptoms was 44.8%, compared to 33.6% in CG, and a significant difference was
found for cough with phlegm and dyspnea.

According to studies across Europe, the prevalence of chronic respiratory symptoms varies
from 25% to 35%!%}), while according to the study by Stoleski et al. comprising agricultural
workers in the Skopje region, it was 26.6%?°!. The prevalence of cough with phlegm among
farmers in the aforementioned study was 8.3%, which is similar to some previous studies in our
country dedicated to respiratory effects caused by specific occupational exposure among
agricultural workers!?*l. A study in Poland that investigated grain growers showed a prevalence of
44.7% for chronic respiratory symptoms, and the highest rates were registered for chronic cough
(26.3%) and dyspnea (19.7%)?>]. Many other studies also confirm the high prevalence of wheezing
among agricultural workers compared to office workers!?®l. Stoleski e al.*”! found a higher
prevalence of total chronic respiratory symptoms in agricultural workers compared to office
workers, with a significant difference for cough and wheezing. The prevalence of total respiratory
symptoms in the study by Stoleski et al. analyzing the impact of smoking and the duration of
occupational exposure on respiratory symptoms and functional lung disorders in agricultural
workers!??l was 29.3%. Cough was present in 20%, cough with phlegm in 10.7%, while the
prevalences of dyspnea, wheezing and chest tightness were 12%, 10.7% and 8%, respectively. In
this regard, the study by Danuser et al. involving farmers in Switzerland, concluded that
agricultural work was closely associated with the risk of developing chronic bronchitis (two times
higher risk) and a four and a half times higher risk of cough with expectoration compared to the
general population'?’],

The risk of respiratory symptoms in the current study was about two times higher in
subjects with an exposure period of more than 15 years compared to exposed subjects with a
shorter exposure period. The risk of respiratory symptoms was about three times higher in exposed
subjects who were active smokers compared to exposed subjects who did not smoke. The length
of smoking period and the number of cigarettes consumed during the day significantly affect the
occurrence of respiratory symptoms in the studied winegrowers. A significant association of the
length of exposure period with chronic bronchitis was also registered in the study by Omland et
al. with 1691 farmers exposed to dust of plant and animal origin!?®l. Chronic respiratory symptoms
in agricultural workers in the study by Stoleski et al.l*") were significantly associated with the
length of occupational exposure of more than 20 years, age over 60 years, exposure to chemical
hazards, as well as the smoking habit in men. Many studies indicate a higher frequency of chronic
respiratory symptoms in agricultural workers with longer-term occupational exposure, while those
examining the respiratory effects of different types of organic dust report a significant association
between smoking habits and chronic respiratory symptoms?®!. Research among farmers in France
showed a synergistic effect of occupational exposure and smoking, especially for chronic cough
and cough with expectoration®%). In the study by Stoleski et al., the frequency of active smokers
among agricultural workers was 26.7%, and the frequency of respiratory symptoms in the last 12
months was higher in agricultural workers with exposure longer than 15 years, but with established
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statistical significance only for overall respiratory symptoms and dyspneal®?. The results of the
current study indicate that the majority of subjects (about 80%) had preserved pulmonary
ventilation with preserved or slightly reduced small airway flow. Some type of ventilatory
insufficiency was recorded in about 20% of vineyard workers. The average values of spirometric
parameters in winegrowers with an exposure experience of more than 15 years were lower than
those in vineyard workers with an exposure experience of less than 15 years, with a statistically
significant difference in small airway flow (MEF50, MEF75 and MEF25-75). Similar results have
been obtained in many studies worldwide, also indicating reduced small airway airflow without
associated respiratory symptoms, which confirms the fact that impaired small airway flow is the
earliest sign of respiratory disorder®!l. Stoleski et al. in a survey of agricultural workers in rural
areas showed that respiratory diseases during a year were among the most common, with a
prevalence of 23.8%!2",

A study by Stoleski ef al. among agricultural workers in the Skopje region showed lower
mean values of all spirometric parameters compared to a control group of office workers, with a
statistically significant difference in mean values of MEF50 and MEF75. A combined pattern of
ventilatory insufficiency predominated among agricultural workers, while ventilatory impairments
were associated with age over 60 years, length of occupational exposure over 20 years, smoking
habit and exposure to dust and pesticides’>”). Our previous study, which evaluated the COPD
prevalence and characteristics among working population, showed that the most common
respiratory symptoms among working population subjects with COPD were dyspnea (85.1%) and
cough with phlegm (75.6%), while the mean post-bronchodilator values of basic spirometric
parameters in exposed workers with COPD were significantly lower compared to mean post-
bronchodilator values of basic spirometric parameters in non-exposed workers with COPD233],
Furthermore, Stoleski et al. showed that the frequency of COPD among exposed retired smokers
(12.6%) was significantly higher than its frequency among unexposed retired non-smokers (6.4%)
(P=0.018)P*. On the other hand, a study by Dosman et al.**!, examining the effect of specific
occupational exposure on the frequency of chronic respiratory symptoms and the decrease in
functional lung parameters in workers engaged in cereal cultivation in Denmark, recorded
significantly lower values of all spirometric parameters (including small airways) compared to the
control group, and their decrease was significantly associated with age and pesticide exposure.

The current study found no statistically significant difference between the number of
subjects with exposure experience >16 years with a registered obstructive pattern of ventilatory
insufficiency compared to those with exposure <15 years with an associated obstructive pattern of
ventilatory insufficiency. Also, there was no significant difference between active smokers with
and without a registered obstructive pattern of ventilatory insufficiency. The study by Stoleski et
al. demonstrated that ventilatory disorders in farmers were associated with age over 55 years,
smoking habits and occupational exposure to dust, gases, vapors and pesticides longer than 25
years?!l, and another study by the same authors!??! confirmed the decline of functional lung
parameters with the increase in the length of occupational exposure, but statistically significant
only for MEF parameters in farmers who had been exposed for longer than 15 years.

Chen et al. in Canada suggested that there was a positive interaction effect between
occupational exposure in grain farming and smoking habits on lung function and the prevalence
of chronic bronchitis in women!*®), The study by Stoleski et al.**! found a non-significant
association between obstructive pattern of ventilatory insufficiency and active smoking, smoking
history and number of cigarettes smoked in exposed agricultural workers, as well as the combined
effect of length of exposure, smoking, smoking history and number of cigarettes smoked.
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The study by Zuskin et al.®”! examined groups of grape growers and fruit growers from
Croatia in order to determine the prevalence of respiratory symptoms and changes in lung function.
The data showed that grape growers were prone to developing acute and/or chronic respiratory
symptoms and changes in lung function, which were more pronounced in smokers. Changes in
lung function in the studied workers were primarily related to FVC in smokers and non-smokers
regardless of the duration of exposure. In grape growers exposed for more than 10 years,
significant decreases in FEV1, MEF50 and MEF25 values were observed, which was attributed to
the impact of pesticides. Exposure to pesticides in viticulture can cause asthma (new onset or
exacerbation of existing), chronic obstructive pulmonary disease and even lung cancer. A large
number of studies describe a variety of respiratory symptoms in agricultural workers exposed to
pesticides. Hashemi et a/.*®), in a study of work-related symptoms in Iranian farmers, reported that
pesticide use was associated with an increased risk of dyspnea. A study of grain farmers in Ohio
found that pesticide use was associated with an increased incidence of chronic cough*?l. A case-
control study of agricultural workers in India found that, compared to controls, agricultural workers
who sprayed organophosphorus and carbamate pesticides had significantly lower erythrocyte
acetylcholinesterase levels, which were significantly associated with almost all respiratory
symptoms!*’l. Hoppin et al. found that exposure to organochlorine and organophosphorus
pesticides was significantly associated with dyspnea in commercial pesticide applicators after
adjusting for age, BMI, smoking, presence of asthma/atopy, and previous pesticide usel*!’.

In terms of pesticide use and lung function, a cross-sectional study of pesticide processing
workers found that there were significant decreases in FVC, FEV1, and MEF25-75% relative to
controls*?!. A similar study of pesticide sprayers in Spain suggested that short-term exposure to
pesticides was associated with a decrease in FEV1, while long-term exposure was associated with
a decrease in MEF25-75%!*3. Peiris-John et al.!*¥! studying farm workers in Sri Lanka found that
organophosphate insecticides were associated with a decrease in FEV1 and FVC. In a case-control
study of farm workers in India, exposure to organophosphate and carbamate insecticides was
significantly associated with a decrease in FVC, FEVI1, FEV1/FVC, MEF25-75%, and peak
expiratory flow rate (PEFR), which was also significantly associated with cholinesterase inhibition!*"!,

A study of work-related respiratory symptoms!*’! reported a prevalence of work-related
rhinitis of 6% and pulmonary symptoms of 3% in a large group of vineyard workers in France,
associated with a higher rate of sensitization, but not with grape pollen, with symptoms occurring
mainly in late spring. The prevalence of rhinitis and respiratory symptoms was 19% and 8%,
respectively, and is similar to a study reporting rhinitis in 25% and asthma in 6% of the general
population in Francel*l. Spiewak et al.1*’! described occupational rhinitis in 16% and cough and
dyspnea in 9% of agricultural workers. A study of vineyard workers in Greece showed that grape
growing was a risk factor for the development of occupational rhinitis, as well as cough and
dyspnea!]. A French study found an association between the frequency and severity of symptoms
and sensitization to pollens and dust mites. Sensitization to grape pollen was reported in 14% of
subjects, compared to a previous study in grape pickers and processors that found a prevalence of
3.7%*1. A study of agricultural workers exposed to organophosphorus pesticides in North Indial*”]
found that respiratory symptoms were significantly more common among pesticide sprayers, and
that the duration of exposure increased with increasing frequency and severity of respiratory
symptoms. The lowa Family Farm Study found a clear association between pesticide use and
respiratory symptoms, similar to the Ohio study that found pesticide use among grape and fruit
growers was significantly associated with chronic coughl®®!,
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Among the studied group of vineyard workers, the exposure to occupational respiratory
hazards (dusts, gases, fumes, vapors, pesticides) was assessed according to the matrices for
occupational exposure to respiratory hazards. In terms of exposure intensity, the majority were
exposed to a medium level of exposure to dust and to a low and medium level of exposure to
gases/fumes/vapors and pesticides. In terms of exposure frequency, the majority of vineyard
workers were regularly exposed to dust and rarely and occasionally to gases/fumes/vapors and
pesticides. The study by Kauffmann et al. dedicated to the exposure to chemical hazards among
agricultural workers showed that with the help of the matrices it was possible to make a
quantitative assessment of the cumulative exposure of the respondents, but also to propose
preventive measures for the prevention and early detection of respiratory disorders®!!. The French
PAARC (Pollution Atmospherique et Affections Respiratoires Chroniques) study found an
association between dusts, gases and fumes and respiratory symptoms in both genders and the
FEV1/FVC% ratio in men, as well as a significant association between known risk factors and a
decrease in FEV1/?], In a study on the potential of the occupational exposure matrix in detecting
workplace risk factors for COPD, Le Moual et al.¥) indicated an association between estimated
occupational exposure and impaired lung function. Matrices have been widely used to assess
occupational exposure in larger groups of subjects, especially in cases where detailed
questionnaires, environmental monitoring or expert assessment are lacking. Therefore, further
research is needed to improve their performance and predictive value, to determine their
association with specific occupational exposures in agriculture, to implement protocols for their
evaluation, and to emphasize prevention strategies).

This study has certain limitations. Specifically, the relatively small number of subjects in
the study group, which was due to early termination of data collection caused by the onset of
Covid-19 pandemic, and the lack of a control group and ambient monitoring could aggravate a
clear relationship between occupational exposure and respiratory impairment among vineyard
workers. Also, the absence of skin prick testing to common and workplace allergens could
aggravate clear relationship between allergen sensitization and respiratory symptoms, as well as
lung function parameters.

Conclusion

A high prevalence of respiratory symptoms and lung function impairments were registered
among the surveyed vineyard workers. The obtained results indicate the need of improving
preventive measures to reduce work-related health risks among these workers. This knowledge
should further contribute in detecting the critical points for action, and serve as a predictive factor
in the development of respiratory diseases, within the diagnostic algorithm focused on respiratory
health assessment. It also indicates the need for reduction of adverse occupational exposures
through adequate preventive measures, regular health examinations, obligatory use of respiratory
protective equipment, and implementation of engineering controls, together with counseling for
smoking cessation.

Conflict of interest statement. None declared.
References

1. Matese A, Filippo Di Gennaro S. Technology in precision viticulture: a state of the art
review. International Journal of Wine Research 2015;7(1): 69-81. doi: 10.2147/ITWR.S69405.

159



Stoleski S. et al. Chronic respiratory symptoms and lung function among vineyard workers

10.

11.

12.

13.

14.

15.

16.

Taleska M. Republic of Macedonia, a New Wine Tourism Destination — Is It Possible? In:
Proceedings. 6th World Conference for Graduate Research in Tourism Hospitality and
Leisure. Turkey. 2012.

Respiratory health hazards in agriculture. Am J Respir Crit Care Med 1998; 158(5 Pt 2):
S1-S76. doi: 10.1164/ajrccm.158.supplement 1.rccm1585s1.

Colosio C, Ariano E, Somaruga C, Rabozzi G, Vellere F, Brambilla G, Colombi A. The
occupational health physician and the health surveillance in agriculture. Med Lav Ergon
2010; 32(4 Suppl): 413-417.

Schenker MB. Agricultural dust exposure and respiratory symptoms among California
farm operators. Journal of Occupational and Environmental Medicine 2005; 47(11): 1157-
1166.

Senthilselvan A, McDuffie HH, Dosman JA. Association of asthma with use of pesticides.
Results of a cross-sectional survey of farmers. Am Rev Respir Dis 1992; 146(4): 884-887.
doi: 10.1164/ajrcem/146.4.884.

Faria NM, Facchini LA, Fassa AG, Tomasi E. Trabalho rural, exposi¢ao a poeiras e
sintomas respiratorios entre agricultores [Farm work, dust exposure and respiratory
symptoms among farmers]. Rev Saude Publica 2006; 40(5): 827-836. Portuguese. doi:
10.1590/S0034-89102006005000006.

. Zejda JE, McDuffie HH, Dosman JA. Epidemiology of health and safety risks in

agriculture and related industries. Practical applications for rural physicians. West J Med
1993; 158(1): 56-63. PMID: 8470386.

Simpson JC, Niven RM, Pickering CA, Fletcher AM, Oldham LA, Francis HM. Prevalence
and predictors of work-related respiratory symptoms in workers exposed to organic dusts.
Occup Environ Med 1998; 55(10): 668-672. doi: 10.1136/0em.55.10.668.

Dosman J, Graham B, Hall D, Van Loon P, Bhasin P, Froh F. Respiratory symptoms and
pulmonary function in farmers. J Occup Med 1987; 29(1): 38-43. PMID: 3819883.
Feleke MG, Alemu Y, Shentema MG, Wakuma S, Emiru Z, Chichiabellu TY. Chronic
Respiratory Symptoms and Associated Factors among Fruit and Vegetable Workers in
Addis Ababa, Ethiopia: A Comparative Cross sectional Study. Saf Health Work 2023;
14(3): 287-294. doi: 10.1016/j.shaw.2023.07.001.

Hsairi M, Kauffmann F, Chavance M, Brochard P. Personal factors related to the perception
of occupational exposure: an application of a job exposure matrix. Int J Epidemiol 1992,
21(5): 972-980. doi: 10.1093/ije/21.5.972.

Minette A. Questionnaire of the European Community for Coal and Steel (ECSC) on
respiratory symptoms. 1987 - Updating of the 1962 and 1967 questionnaires for studying
chronic bronchitis and emphysema. Eur Respir J 1989; 2(2): 165-177. PMID: 2703044.
European Community Respiratory Health Survey. Variations in the prevalence of
respiratory symptoms, self-reported asthma attacks, and use of asthma medication in the
European Respiratory Health Survey (ECRHS). Eur Respir J 1996; 9(4):687-695.
https://doi.org/10.1183/09031936.96.09040687.

World Health Organization. Guidelines for controlling and monitoring the tobacco
epidemic (1998), Geneva: WHO.

Smoking Pack-Years. 2013. Available from: http://smokingpackyears.com/calculate. Last
accessed: 15th July 2025.

160



Stoleski S. et al. Chronic respiratory symptoms and lung function among vineyard workers

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

US Department of Health and Human Services. The Health Consequences of Smoking:
Chronic Obstructive Pulmonary Disease. A report of the Surgeon General. 1984. Available
at: http://profiles.nlm.nih.gov/ps/access/NNBCCS.pdf. Last accessed: 16th February 2019.
Quajner Ph.H et al. Lung Volumes and Forced Ventilatory Flows: Official Statement of the
European  Respiratory  Society.  Eur  Respir J 1993; 16(1):  1-100.
https://doi.org/10.1183/09041950.005s1693.

Semple S. Exposure matrices: how to create them, how to use them, and what they can tell
us. 2016. Available at: www.easom.org/data/summerschools/Semple.ppt. Last accessed:
15th June 2025.

Stoleski S, Minov M, Karadzinska-Bislimovska J, Mijakoski D. Chronic Respiratory
Symptoms and Lung Function in a Sample of Agricultural Workers in Skopje Region.
Maced J Med Sci 2014; 7(2): 327-334. http://dx.doi.org/10.3889/MIMS.1857-5773.2014.0396.

Stoleski S, Minov J, Karadzinska-Bislimovska J, Mijakoski D. Bronchial
Hyperresponsiveness in Farmers: Severity and Work-Relatedness. Maced J Med Sci. 2014;
7(3):536-543. http://dx.doi.org/10.3889/MIMS.1957-5773.2014.0436.

Stoleski S, Minov J, Mijakoski D, Karadzinska-Bislimovska J. Chronic Respiratory
Symptoms and Lung Function in Agricultural Workers - Influence of Exposure Duration
and Smoking. OA4 Maced J Med Sci 2015; 3(1): 158-165. doi: 10.3889/0amjms.2015.014.

Bongers P, Houthuijs D, Remijn B, Brouwer R, Biersteker K. Lung functions and
respiratory symptoms in pig farmers. Br J Ind Med 1987; 44(2): 819-823. doi:
10.1136/0em.44.12.819.

Karadzinska-Bislimovska J, Minov J, Stoleski S, Mijakoski D, Risteska-Kuc S.
Respiratory symptoms, atopic status and lung function tests in agricultural workers. Allergy
2007; 62(83): 283.

Skorska C, Mackiewicz B, Dutkiewicz J, Krysinska-Traczyk E, Milanowski J, Feltovich
H, Lange J, Thorne P. Effects of exposure to grain dust in Polish farmers: work-related
symptoms and immunologic response to microbial antigens associated with dust. Ann
Agric Environ Med 1998; 5(2): 147-153. PMID: 9860817.

Chan-Yeung M, Dimich-Ward H, Enarson DA, Kennedy SM. Five cross-sectional studies
of grain elevator workers. Am J Epidemiol 1992; 136(10): 1269-1279. doi:
10.1093/oxfordjournals.aje.al16435.

Danuser B, Weber C, Kiinzli N, Schindler C, Nowak D. Respiratory symptoms in Swiss
farmers: an epidemiological study of risk factors. Am J Ind Med 2001; 39(4): 410-418. do1:
10.1002/ajim.1032.

Omland O, Sigsgaard T, Pedersen OF, Miller MR. The shape of the maximum expiratory
flow-volume curve reflects exposure in farming. Ann Agric Environ Med 2000; 7(2): 71-
78. PMID: 11153034.

Zock JP, Sunyer J, Kogevinas M, Kromhout H, Burney P, Anté6 JM. Occupation, chronic
bronchitis, and lung function in young adults. An international study. Am J Respir Crit Care
Med 2001; 163(7): 1572-1577. doi: 10.1164/ajrccm.163.7.2004195.

Dalphin JC, Dubiez A, Monnet E, Gora D, Westeel V, Pernet D, et al. Prevalence of asthma
and respiratory symptoms in dairy farmers in the French province of the Doubs. Am J
Respir Crit Care Med 1998; 158(5 Pt 1): 1493-1498. doi: 10.1164/ajrccm.158.5.9709108.

Iversen M, Pedersen B. Relation between respiratory symptoms, type of farming, and lung
function disorders in farmers. Thorax 1990; 45(12): 919-923. doi: 10.1136/thx.45.12.919.

161



Stoleski S. et al. Chronic respiratory symptoms and lung function among vineyard workers

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Minov J, Stoleski S, Stikova E, Mijakoski D, Atanasovska A, Bislimovska Karadzinska
Jovanka. COPD in a sample of general ault population from the Skopje Region. Acad Med
J2022; 2(1): 47-58.

Stoleski S, Minov J, Mijakoski D, Brborovi¢ H, Milosevi¢ M, Zaja R. COPD prevalence
and characteristics among sample of working population. Front Public Health 2025; 13:
1598290. doi: 10.3389/fpubh.2025.1598290.

Stoleski S, Minov J, Mijakoski D, Atanasovska A, Bislimovska D, Panajotovic-Radevska
M, Zdraveski D. COPD prevalence and characteristics among retired workers. Acad Med
J2025; 5(1): 95-106. doi: 10.53582/AMJ255195s.

Dosman J. A, Graham B.L, Hall D, Van Loon P, Bhasin P, Froh F. Respiratory symptoms
and pulmonary function in farmers. J Occup Med 1987; 29(1): 38-42. PMID: 3819883
Gautrin D, Ghezzo H, Infante-Rivard C, Malo JL. Incidence and host determinants of
work-related rhinoconjunctivitis in apprentice pastry-makers. Allergy 2002; 57(10): 913-
918. doi: 10.1034/5.1398-9995.2002.23636.x.

Zuskin E, Mustajbegovic J, Schachter EN, Kern J, Pavicic D. Respiratory function in
vineyard and orchard workers. Am J Ind Med 1997; 31(2): 250-255. doi:
10.1002/(sic1)1097-0274(199702)31:2<250::aid-ajim15>3.0.co; 2-0.

Hashemi N, Mirsadrace M, Shakeri MT, Varasteh AR. Prevalence of work-related
respiratory symptoms in Iranian farmers. Can Respir J 2006; 13(4): 198-202. doi:
10.1155/2006/967895.

Wilkins JR 3rd, Engelhardt HL, Rublaitus SM, Crawford JM, Fisher JL, Bean TL.
Prevalence of chronic respiratory symptoms among Ohio cash grain farmers. Am J Ind Med
1999; 35(2): 150-163. doi: 10.1002/(sici)1097-0274(199902)35:2<150::aid-ajim7>3.0.co;2-5.
Chakraborty S, Mukherjee S, Roychoudhury S, Siddique S, Lahiri T, Ray MR. Chronic
exposures to cholinesterase-inhibiting pesticides adversely affect respiratory health of
agricultural workers in India. J Occup Health 2009; 51(6): 488-497. doi: 10.1539/j0h.19070.
Hoppin JA, Umbach DM, London SJ, Lynch CF, Alavanja MC, Sandler DP. Pesticides and
adult respiratory outcomes in the agricultural health study. Ann N Y Acad Sci 2006; 1076:
343-354. doi: 10.1196/annals.1371.044.

Zuskin E, Mustajbegovic J, Schachter EN, Kern J, Deckovic-Vukres V, Trosic 1, et al.
Respiratory function in pesticide workers. J Occup Environ Med 2008; 50(11): 1299-1305.
doi: 10.1097/JOM.0b013e3181845f6¢.

Hernéndez AF, Casado I, Pena G, Gil F, Villanueva E, Pla A. Low level of exposure to
pesticides leads to lung dysfunction in occupationally exposed subjects. Inhal Toxicol
2008; 20(9): 839-849. doi: 10.1080/08958370801905524.

Schenker MB, Stoecklin M, Lee K, Lupercio R, Zeballos RJ, Enright P, et al. Pulmonary
function and exercise-associated changes with chronic low-level paraquat exposure. Am J
Respir Crit Care Med 2004; 170(7): 773-779. doi: 10.1164/rccm.200403-2660C.

Perotin JM, Barbe C, Nguyen KL, Fontaine JF, Gabignon Y, Nardi J, et al. Work-related
respiratory symptoms in Champagne vineyard workers. Eur Ann Allergy Clin Immunol
2015; 47(5): 140-144. PMID: 26356997.

Bauchau V, Durham SR. Prevalence and rate of diagnosis of allergic rhinitis in Europe. Eur
Respir J 2004; 24(5): 758-764. doi: 10.1183/09031936.04.00013904.

Spiewak R, Gora A, Horoch A, Dutkiewicz J. Atopy, allergic diseases and work-related
symptoms among students of agricultural schools: first results of the Lublin study. Ann
Agric Environ Med 2001; 8(2): 261-267. PMID: 11748886.

162



Stoleski S. et al. Chronic respiratory symptoms and lung function among vineyard workers

48.

49.

50.

51.

52.

53.

Chatzi L, Prokopakis E, Tzanakis N, Alegakis A, Bizakis I, Siafakas N, et al. Allergic
rhinitis, asthma, and atopy among grape farmers in a rural population in Crete, Greece.
Chest 2005; 127(1): 372-378. doi: 10.1378/chest.127.1.372.

Fareed M, Pathak MK, Bihari V, Kamal R, Srivastava AK, Kesavachandran CN. Adverse
respiratory health and hematological alterations among agricultural workers occupationally
exposed to organophosphate pesticides: a cross-sectional study in North India. PLoS One
2013; 8(7): €69755. doi: 10.1371/journal.pone.0069755. Erratum in: PLoS One 2013; 8(8).
doi: 10.1371/annotation/b7bc0625-6200-4433-9971-f4e571203432.

Sprince NL, Lewis MQ, Whitten PS, Reynolds SJ, Zwerling C. Respiratory symptoms:
associations with pesticides, silos, and animal confinement in the lowa Farm Family Health
and Hazard Surveillance Project. Am J Ind Med 2000; 38(4): 455-462. doi: 10.1002/1097-
0274(200010)38:4<455::aid-ajim12>3.0.co;2-1.

Kauffmann F, Drouet D, Lellouch J, Brille D. Occupational exposure and 12-year
spirometric changes among Paris area workers. Br J Ind Med 1982; 39(3): 221-332. doi:
10.1136/0em.39.3.221.

Terho EO. Work-related respiratory disorders among Finnish farmers. Am J Ind Med 1990;
18(3): 269-272. doi: 10.1002/ajim.4700180305.

Le Moual N, Bakke P, Orlowski E, Heederik D, Kromhout H, Kennedy SM, et al.
Performance of population specific job exposure matrices (JEMs): European collaborative
analyses on occupational risk factors for chronic obstructive pulmonary disease with job
exposure matrices (ECOJEM). Occup Environ Med 2000; 57(2): 126-132. doi:
10.1136/0em.57.2.126.

163



