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ABSTRACT: The aim of this study was to determine the prevalences and regional risk
factors for respiratory symptoms in European and Californian farmers.

Farmers participating in the 1993–1997 surveys performed in Europe (n=7,188) and
California (n=1,839) were included in this cross-sectional study. Respiratory symptoms
and farming characteristics were assessed by questionnaire and risk factors associated
with symptoms using logistic regression.

The prevalences of rhinitis and asthma were lower in European (12.7% and 2.8%)
than in Californian farmers (23.9% and 4.7%), but chronic bronchitis and toxic
pneumonitis were more prevalent in Europe (10.7% and 12.2%) than in California
(4.4% and 2.7%). Respiratory symptoms were associated with poultry and rabbit
farming, flower growing and the cultivation of grain and oil plants. Working in Europe
was a statistically significant risk factor for chronic bronchitis and toxic pneumonitis.
Chronic bronchitis was related to toxic pneumonitis, work inside confinement buildings
and greenhouses.

Chronic bronchitis and toxic pneumonitis are highly prevalent among European
farmers and are mainly attributable to indoor work.
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Farming has often been related to respiratory
symptoms and high prevalences of bronchial asthma
and chronic bronchitis have been reported both in
animal and crop farmers [1–8]. For farmers exposed
to livestock, the pathogenetic role of gases, dusts and
aeroallergens from mammals, poultry, insects and
mites has been well characterised [9]. For crop far-
mers, symptoms have been related to exposure to a
variety of agents present in agricultural settings,
among them pollens, grain dust, mites, moulds and
endotoxin [10, 11]. When farmers have been compared
to nonfarming control populations from the same
regions, an increased prevalence of respiratory symp-
toms has been commonly observed [12–15], but
studies of the prevalence of respiratory symptoms in
different farming regions have revealed great geogra-
phical variability [16–18]. Such differences may be
related to sociodemographical factors, self-selection

[19, 20], type of farming predominantly practiced in
the region, or to local characteristics of farming.

The present comparative analysis of respiratory
symptoms in European and Californian farmers was
performed to determine the prevalence of rhinitis,
asthma, chronic bronchitis and toxic pneumonitis in
the two regions, and to assess the impact of the types
of farming and the regional characteristics of produc-
tion on the prevalence of these respiratory symptoms.

Methods

Design

A cross-sectional study of the prevalence of res-
piratory symptoms and occupational exposures in
European and Californian animal and/or crop farmers
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was performed. The European sample consisted of all
farmers who participated in the European Union
Concerted Action "Prevalence and risk factors for
airway obstruction in farmers", recruited in 1995–1997
[2, 21, 22]. The Californian sample included all par-
ticipants in the University of California, Davis
Farmer Health Study, recruited in 1993 [23, 24].

Population

Altogether, 7,674 farmers from four countries
(Denmark, Germany, Switzerland and Spain) partici-
pated in the European study and 1,947 farmers took
part in the Californian study. The population sample
in each region was selected at random from the most
recent available census record. Individuals were con-
tacted by mail, phone or home visits and asked to
fill out a self-administered questionnaire on respira-
tory symptoms and occupational characteristics. The
response rates were 85.3% in Europe and 80.4% in
California. Details of the enrolment procedure for the
two studies have been reported elsewhere [2, 22–24].
All workers involved in one or more of the main types
of animal (pig, beef/veal, dairy, poultry, sheep and
rabbit) or crop farming (grain, vegetables, tomatoes,
root crops, oil-producing plants, fruit/berries, nuts,
rice, cotton or flowers) from both samples were
included in the present analysis (Europe: n=7,188;
California: n=1,839).

Questionnaire

Self-administered questionnaires were used in both
studies. The symptom section of each questionnaire
included questions on age, sex, smoking and respira-
tory symptoms (wheezing, rhinitis, asthma and chronic
bronchitis). For the European study these questions
were obtained from the European Community Res-
piratory Health Survey (ECRHS) questionnaire [25,
26], while the questions for the Californian study
were adapted from the American Thoracic Society
questionnaire [27]. In addition, the symptoms sec-
tion included a question on symptoms suggesting toxic
pneumonitis. The occupational section of the ques-
tionnaires assessed the exposures at work, asking
the subject if their occupation involved livestock and/
or the cultivation of plants, type of animals and/or
plants produced and, in the European questionnaire,
work inside confinement buildings or greenhouses. In
both questionnaires, these items were adapted from
a validated questionnaire evaluating organic dust
exposure [28].

Only items using the same wording in both ques-
tionnaires were considered for the present study. Age,
sex, smoking (never, former, current), prevalence of
rhinitis or asthma in the last year, chronic bronchitis
(phlegm w3 months each yr) and toxic pneumonitis
(flu-like symptoms such as fever, chills, muscle ache,
weakness, headache, cough, chest tightness or short-
ness of breath 2–6 h after dust exposure) were
analysed in the symptoms section. In the occupational
section, animals raised (pig, beef/veal, dairy, poultry,

sheep or rabbit farming) and crops cultivated (grain,
vegetables, tomatoes, root crops, oil-producing plants,
fruit/berries, nuts, rice, cotton or flowers) were
considered.

Indoor work

Questions on work inside confinement buildings or
greenhouses were used for the assessment of indoor
work as a risk factor for chronic bronchitis in the
subsample of European farmers. For the assessment
of the relationship between chronic bronchitis and the
exposure to indoor air contaminants in nonsmokers,
a representative sample of European animal farmers
working inside confinement buildings was selected
(n=112) and environmental measurements were per-
formed in the workplace. Area (m2), temperature (uC),
humidity (%), air velocity (m?s-1), carbon dioxide
(parts per million (ppm)) and ammonia (ppm) in
the confinement building were determined and every
subject9s exposure to total dust (mg?m-3) and endo-
toxin (ng?m-3) was measured using a personal pump.
Details of the selection procedure of this subsample
and the methodology used for the environmental
measurements have been reported elsewhere [29, 30].

Statistical analysis

Descriptive analyses were performed after regional
stratification and given as proportions, means with
SD or medians with interquartile ranges when appro-
priate. The Chi-squared distribution was used to com-
pare the prevalence of respiratory symptoms in the
two regions and an unpaired t-test was used to com-
pare continuous variables. The associations among
symptoms, occupation, region and indoor air con-
taminants were assessed using univariate and multi-
variate logistic regression models, with respiratory
symptoms as the dependent variable. All variables
that showed an association (pv0.25) with the outcome
variable in the univariate model were entered in the
multivariate model and the most parsimonious model
that still explained the data was accepted as the final
model [31]. First, to assess type of farming as a risk
factor for respiratory symptoms, an occupational
model was created for every respiratory symptom,
with livestock raised (categorised as pig, beef/veal,
dairy, poultry, sheep or rabbit) and cultivated crop
(categorised as grain, vegetables, tomatoes, root crops,
oil-producing plants, fruit/berries, nuts or flowers) as
the independent variables, with adjustment for poten-
tial sociodemographical confounders (age, sex, former
and current smoking). The impact of each type of
farming on the outcome was determined with non-
exposed farmers as the reference. Second, to analyse
the potential relationship between farming region
and respiratory symptoms, multivariate models were
created with region as the independent variable,
adjusting the models for sociodemographical con-
founders and country in a first step, and for these
variables and the types of farming included in the
occupational model in a second step. Adjustment for
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country in these multivariate analyses was accom-
plished using dummy variables. Smoking was assessed
as an interaction variable in the models, to check for
an effect modification. Finally, to assess the impact
of indoor work on the prevalence of symptoms, the
association between chronic bronchitis and toxic
pneumonitis, working inside confinement buildings
or greenhouses and indoor air contaminant exposure
were analysed following the same methodology.
Results were given as odds ratios (OR), with 95%
confidence intervals (95% CI). All statistical tests were
two sided and a p-value of v0.05 was reported as
statistically significant.

Results

Respiratory symptoms and occupational exposures

Table 1 shows the prevalences of respiratory symp-
toms. Rhinitis and asthma were more prevalent in
Californian (23.9% and 4.7%, respectively) than in
European farmers (12.7% and 2.8%) (pv0.001), but
the prevalences of chronic bronchitis and toxic pneu-
monitis were higher in Europe (10.7% and 12.7%)
than in California (4.4% and 2.7%) (pv0.001). The
prevalences of the different types of animal and crop
farming in the two regions were also different. Pig
and dairy farming predominated in Europe but
were uncommon in California. Grain, root and oil-
producing plants were the main European crops,
whereas fruit/berries and nuts were the most com-
mon ones in California (table 2).

Occupational risk factors

To define a specific occupational model for every
respiratory symptom, the different types of farming
were assessed as risk factors for rhinitis, asthma,
chronic bronchitis and toxic pneumonitis, with adjust-
ment for sociodemographical characteristics. Poultry
and rabbit farming, flower growing and the cultiva-
tion of grain and oil-producing plants were the most
clinically relevant occupational exposures, all of them
appearing as statistically significant risk factors for

more than one respiratory symptom in the defined
models (table 3).

Region-related risk factors

To determine the impact of regional farming
characteristics on the prevalence of respiratory symp-
toms and their relationship with the high preval-
ence of rhinitis and asthma in Californian farmers
and chronic bronchitis and toxic pneumonitis in
Europeans, multivariable analyses were performed.
Because a statistically significant interaction between
region and smoking was found in the multivariate
model with chronic bronchitis as the dependent
variable (OR 0.37, 95% CI 0.22–0.64), the following
multivariate analyses were performed after stratifica-
tion for smoking.

For nonsmokers, working in Europe emerged as a
relevant risk reduction factor for rhinitis and asthma
in the univariate analysis. The risk of rhinitis
continued to be significantly lower for European

Table 1. –Sociodemographical characteristics and symptoms in farmers

Europe California p-value

Sociodemographical characteristics
Number of subjects 7188 1839
Age mean¡SD 48.0¡13.2 55.3¡13.4 v0.001
Sex (females) 1246 (17.3) 181 (9.8) v0.001
Smoking

Former 1329 (18.5) 600 (32.6) v0.001
Current 1602 (22.3) 212 (11.5) v0.001

Respiratory symptoms last year
Rhinitis 910 (12.7) 440 (23.9) v0.001
Asthma 203 (2.8) 86 (4.7) v0.001
Chronic bronchitis 770 (10.7) 80 (4.4) v0.001
Toxic pneumonitis 877 (12.2) 50 (2.7) v0.001

Data are presented as n (%) unless otherwise stated.

Table 2. –Regional farming characteristics

Europe California

Animal exposure
Swine 2337 (32.5) 40 (2.2)
Beef/veal 3987 (55.5) 381 (20.7)
Dairy 4037 (56.2) 136 (7.4)
Poultry 692 (9.6) 89 (4.8)
Sheep 522 (7.3) 105 (5.7)
Rabbit 212 (2.9) 8 (0.4)
One or more 6009 (83.6) 584 (31.8)

Crop exposure
Grain 3754 (52.2) 180 (9.8)
Vegetables 943 (13.1) 63 (3.4)
Tomatoes 516 (7.2) 82 (4.5)
Root crops 1801 (25.1) 59 (3.2)
Oil plants 1235 (17.2) 47 (2.6)
Fruits/berries 563 (7.8) 878 (47.7)
Nuts 287 (4.0) 490 (26.6)
Flowers 311 (4.3) 89 (4.8)
Rice 0 (0.0) 54 (2.9)
Cotton 0 (0.0) 81 (4.4)
One or more 4597 (64.0) 1487 (80.9)

Data are presented as n (%).
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farmers after adjustment for sociodemographical
confounders and types of farming in the defined
occupational model (OR 0.58, 95% CI 0.47–0.71). The
low prevalence of asthma among European farmers
emerged as dependent on the regional sociodemogra-
phical characteristics of the workforce, given that
asthma was not significantly associated with farm-
ing region after adjustment for sociodemographical
confounders (0.96, 0.68–1.35) and the adjustment for
the types of farming in the occupational model did not
modify the results (OR 0.95, 95% CI 0.67–1.35). In
smokers, rhinitis and asthma were not significantly
associated with farming region in the adjusted models
(table 4). Hence, the high prevalence of rhinitis in
Californian farmers must be considered to be unre-
lated to the sociodemographical factors of the work-
force or to the type of farming practiced in that
region. Rhinitis should rather be assumed to be
associated with regional factors not measured in the
present study.

Working in Europe emerged as a relevant risk
factor for chronic bronchitis in the univariate analysis
and similar associations were found for toxic pneu-
monitis (table 4). The association between chronic
bronchitis and farming in Europe continued to be
statistically significant after adjustment for the socio-
demographical confounders, both for nonsmokers
(OR 4.19, 95% CI 3.08–5.70) and smokers (OR 2.82,
95% CI 1.76–4.53). The adjustment of the models for
types of farming only slightly decreased the strength
of the association between chronic bronchitis and
working in Europe, both for nonsmokers (OR 3.61,
95% CI 2.64–4.95) and smokers (OR 1.73, 95% CI
1.05–2.86), suggesting that the high prevalence of
chronic bronchitis in European farmers depends only
partly on the type of animals and crops produced in
the region that other regional determinants must be
advocated to explain the high prevalence of chronic
bronchitis in European farmers.

Chronic bronchitis and indoor work

To explore the hypothesis that the high prevalence
of chronic bronchitis in Europe may be related to
indoor farming, the association between this respira-
tory symptom, toxic pneumonitis, work inside con-
finement buildings and greenhouses was examined,
including these variables in the previously defined
multivariable models in which chronic bronchitis was
the dependent variable. These analyses were only
performed in the subsample of European farmers,
because information about indoor work was not
available from Californian farmers. In the studied
population the prevalence of chronic bronchitis was
w25% when toxic pneumonitis was reported, both in
nonsmokers and smokers. Toxic pneumonitis was
significantly associated with chronic bronchitis after
adjustment for sociodemographical confounders and
the types of farming in the occupational model,
confirming the close relationship between both res-
piratory conditions (table 5).

Livestock farming inside confinement buildings was
practiced by 3,716 out of the 7,188 European farmers
(51.7%) and greenhouse cultivation was reported by
239 (3.3%). After adjustment for sociodemographical
confounders and types of farming in the occupational
model, working inside animal confinement buildings
emerged as a statistically significant risk factor for
chronic bronchitis, both in nonsmokers (OR 1.58,
95% CI 1.27–1.96) and smokers (OR 1.98, 95% CI
1.46–2.68). A similar association was found between
working with crops inside greenhouses and chronic
bronchitis, but only for nonsmokers (OR 1.59, 95% CI
1.02–2.48) (table 5).

For the assessment of the impact of animal con-
finement building characteristics in the prevalence of
chronic bronchitis in nonsmoking European farmers,
indoor air contaminants were measured in a repre-
sentative subsample of the studied farmers (table 6)

Table 3. –Type of farming as a risk factor for respiratory symptoms

Rhinitis Asthma Chronic bronchitis Toxic pneumonitis

Livestock farming
Swine 0.65 (0.56–0.76) 1.22 (1.03–1.43)
Beef/veal 1.13 (0.97–1.31) 0.76 (0.64–0.90)
Dairy 0.55 (0.47–0.64) 0.80 (0.62–1.03) 1.32 (1.11–1.57)
Poultry 1.30 (1.06–1.60) 1.90 (1.34–2.68) 1.25 (0.99–1.59)
Sheep 1.27 (0.98–1.66) 1.31 (1.01–1.69)
Rabbit 1.27 (0.88–1.85) 1.68 (1.13–2.50) 1.89 (1.30–2.75)

Crop farming
Grain 1.13 (1.00–1.29) 1.42 (1.21–1.67) 2.15 (1.82–2.53)
Vegetables 0.77 (0.61–0.97) 0.52 (0.32–0.83)
Tomatoes 0.77 (0.57–1.04)
Root crops 1.28 (0.94–1.75) 1.51 (1.28–1.77)
Oil plants 1.49 (1.22–1.81) 1.66 (1.39–1.98)
Fruit/berries 1.30 (1.10–1.54) 0.90 (0.72–1.12) 0.81 (0.64–1.01)
Nuts 1.23 (1.00–1.51) 0.55 (0.40–0.77)
Flowers 1.29 (0.98–1.70) 1.71 (1.06–2.77) 1.67 (1.22–2.27) 1.75 (1.29–2.38)
Cotton 1.77 (1.08–2.89) 0.14 (0.02–1.01)
Rice 0.03 (0.00–9.58)

Data are presented as adjusted odds ratio (95% confidence interval), adjusted for age, sex, former smoking, current smoking,
animal and crop exposures (pv0.25), using nonexposed farmers as the reference for every animal and crop exposure. n=9027.
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and were included in the occupational model created
for that respiratory symptom. After adjustment for
covariates, farming in small confinement buildings
(area building: OR 0.31, 95% CI 0.11–0.89) and indoor
exposure to high concentrations of total dust (OR
4.07, 95% CI 1.40–11.80) emerged as statistically signifi-
cant risk factors for chronic bronchitis in nonsmokers
(table 7).

Discussion

The present cross-sectional study assessed the
prevalence of respiratory symptoms in a sample of
European and Californian animal and crop farmers,T
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Table 5. –Association of chronic bronchitis with toxic
pneumonitis and indoor work

Chronic bronchitis

Toxic pneumonitis
Reported

Nonsmokers 188 (28.1)
Smokers 83 (39.7)

Not reported
Nonsmoker 347 (7.1)
Smoker 152 (10.9)

Crude OR (95% CI)
Nonsmoker 5.16 (4.22–6.31)
Smoker 5.38 (3.89–7.44)

Adjusted OR (95% CI)
Nonsmoker 5.17 (4.21–6.34)
Smoker 4.28 (3.01–6.10)

Work inside animal
confinement building
Reported

Nonsmokers 324 (11.2)
Smokers 153 (18.5)

Not reported
Nonsmokers 211 (7.8)
Smokers 82 (10.6)

Crude OR (95% CI)
Nonsmokers 1.49 (1.24–1.79)
Smokers 1.91 (1.43–2.54)

Adjusted OR (95% CI)
Nonsmokers 1.58 (1.27–1.96)
Smokers 1.98 (1.46–2.68)

Work inside greenhouse
Reported

Nonsmokers 27 (15.2)
Smokers 9 (14.4)

Not reported
Nonsmokers 508 (9.4)
Smokers 226 (14.7)

Crude OR (95% CI)
Nonsmokers 1.72 (1.13–2.62)
Smokers 1.01 (0.49–2.07)

Adjusted OR (95% CI)
Nonsmokers 1.59 (1.02–2.48)
Smokers 0.98 (0.45–2.12)

Data are presented as n (%) unless otherwise indicated. Data
for European farmers only. Nonsmokers include those who
have never smoked and former smokers. Adjustment for
country, age, sex, former smoking and types of farming in
the occupational model (pv0.25), using nonexposed farmers
as the reference for every animal and crop exposure. CI:
confidence interval; OR: odds ratio.
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and analysed the impact of regional farming character-
istics on these symptoms. The most clinically relevant
occupational exposures were poultry and rabbit farm-
ing, flower growing and the cultivation of grain and oil-
producing plants, all of which were risk factors for
more than one respiratory symptom. Rhinitis and

asthma were more prevalent in Californian farmers
and chronic bronchitis and toxic pneumonitis in
Europeans. After adjustment for sociodemographi-
cal characteristics and types of farming, working in
Europe persisted as a risk factor for chronic bronchitis
and toxic pneumonitis, both in nonsmokers and
smokers, confirming that the high prevalence of these
respiratory symptoms in European farmers was inde-
pendent of smoking and only partly related to the
regional farm production. The close associations
between chronic bronchitis and work inside confine-
ment buildings and greenhouses suggest that the high
prevalence of chronic bronchitis in European farmers is
partly attributable to indoor work with either animals
or crops, and high dust exposure together with work
inside small confinement buildings were shown to be
important risk factors for this symptom.

Respiratory symptoms well above the prevalences
found in the general population have been observed in
selected populations of farmers. Different studies in
animal farmers have reported chronic bronchitis in
almost one quarter, and asthma inw5% of the work-
force [12, 33–35]. In crop farmers, a recent French
study found a 10% prevalence of chronic bronchitis in
farmers cultivating cereals, twice the level in a control
population from the same region [36] and a similar
prevalence was found by VERGNENEGRE et al. [37].
Similarly, GAMSKY et al. [38] detected an increase in
respiratory symptoms in Californian crop workers.
Previous analyses of the European subsample in the
present study demonstrated flower growing to be a
risk factor for asthma and, further, showed that the
cultivation of oil-producing plants increases the risk
of chronic bronchitis [22, 39].

In the present study, poultry farming was found
to be the only statistically significant animal expo-
sure associated with asthma, an observation that
agrees with previous reports in selected populations.
KIMBELL-DUNN et al. [40] reported that the observed
17% asthma prevalence among New Zealand poultry
farmers was much higher than the prevalence among
other animal farmers working in the same region.
Occupational asthma related to sensitisation to avian
aeroallergens and storage mites in the workplace has

Table 6. –Characteristics of chronic bronchitis in non-
smoking European farmers#

Sociodemographical characteristics
Age m SD 44.7 (10.9)
Sex females 23 (20.5)
Former smoking 28 (25.0)
Country

Denmark 31 (27.7)
Germany 50 (44.6)
Switzerland 23 (20.5)
Spain 8 (7.1)

Chronic bronchitis 36 (32.1)
In former smokers 6 (5.4)
In never-smokers 30 (26.8)

Chronic bronchitiszCOPD} 11 (10.7)
In former smokers 3 (11.1)
In never-smokers 8 (10.5)

Type of farming
Swine 84 (75.0)
Beef/veal 27 (24.1)
Dairy 18 (16.1)
Poultry 36 (32.1)

Confinement building characteristicsz

Area?m2 190.5 (119.9–272.7)
Temperature uC 18.3 (15.8–20.5)
Humidity % 77.1 (71.1–84.4)
Air velocity m?s-1 0.12 (0.00–0.21)
CO2 ppm 1300 (1000–1975)
Ammonia ppm 8 (5.7–15)
Total dust mg?m-3 5.0 (2.5–8.3)
Endotoxin ng?m-3 78.3 (30.0–266.0)

Data are presented as n (%) unless otherwise indicated. CO2:
carbon dioxide; ppm: parts per million. #: only nonsmoking
(never and former) European animal farmers included in the
analysis (n=112); }: lung function available from 103
subjects; z: median (interquartile range). Chronic obstruc-
tive pulmonary disease (COPD) defined according to the
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) criteria [32].

Table 7. –Chronic bronchitis in nonsmokers and indoor contaminants#

Greenhouse characteristics Chronic bronchitis

Measurement Crude OR (95% CI) Adjusted OR (95% CI)

Over median Under median

Area m2 10 (17.8) 26 (46.4) 0.25 (0.10–0.59) 0.31 (0.11–0.89)
Temperature uC 18 (32.1) 18 (32.1) 1.00 (0.45–2.21)
Humidity % 21 (37.5) 15 (26.8) 1.64 (0.74–3.65)
Air velocity m?s-1 17 (30.9) 18 (31.6) 0.99 (0.45–2.22)
CO2 ppm 18 (32.1) 17 (30.4) 1.12 (0.50–2.49)
Ammonia ppm 21 (38.9) 15 (27.9) 1.82 (0.82–4.07)
Total dust mg?m-3 23 (41.1) 13 (23.2) 2.30 (1.02–5.22) 4.07 (1.40–11.80)
Endotoxin ng?m-3 20 (35.7) 16 (28.6) 1.39 (0.63–3.08)

Multivariate analysis adjusted for age, sex, former smoking, country and types of farming (pv0.25), using nonexposed farmers
as the reference for every animal and crop exposure. OR: odds ration; CI: confidence interval; ppm: parts per million. #:
nonsmoking (never and former) European animal farmers included in the analysis (n=112).
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been diagnosed in poultry workers, and such sensiti-
sation probably helps to explain the high prevalence
of respiratory symptoms in these workers [30, 41–43].
The only type of crop farming significantly related
to asthma in this study has been flower growing,
consistent with a previous analysis performed in the
European subsample [22]. Occasional cases of occu-
pational asthma in flower growers have been des-
cribed [44, 45] and sensitisation was attributed to
moulds and flower allergens [39].

In the current study, the slightly higher prevalence
of asthma in Californian (4.7%) than in European
farmers (2.8%) was unrelated to the type of farming
practiced in each region, given that poultry farming
and flower growing, the occupational exposures that
emerged as related to asthma, were not more pre-
valent in California. The authors interpret the high
asthma prevalence in Californian farmers to be related
to sociodemographical characteristics of the farming
workforce of the region, given that region was no
longer a significant risk factor for asthma after adjust-
ment for such variables, either in nonsmokers or
smokers. However, the high prevalence of rhinitis in
Californian farmers (23.9%) was unrelated to either
sociodemographical factors or type of farming prac-
ticed in the region. Working in Europe persisted as a
risk reduction factor for rhinitis after the adjustment
for confounders, and it was statistically significant in
nonsmokers and marginally significant in smokers. It
may be hypothesised that this regional effect on the
prevalence of rhinitis may depend on differences in
farming procedures that lead to greater allergen expo-
sure in California. Patterns in the regional prevalence
of rhinitis, however, do not support this hypothesis.
The western portion of the USA has a prevalence of
rhinitis well above the 21% median found in the
ECRHS [45, 46], and a high prevalence of rhinitis has
been reported for Western North America [47]. These
observations suggest that rhinitis in Californian far-
mers perhaps does not depend on regional farming
characteristics but rather on environmental factors.

In the present study, chronic bronchitis was associ-
ated with pig and rabbit farming and with the culti-
vation of grain, oil-producing plants and flowers.
However, the high prevalence of chronic bronchitis
found in European farmers only partly depended on
the high percentages of European farmers working
with pigs and oil-producing plants and did not depend
on the high prevalence of current smoking in Europe.
Thus, after stratification according to smoking and
adjustment for sociodemographical factors and the
type of animal and/or crop produced, farming in
Europe persisted as a statistically significant risk fac-
tor for chronic bronchitis both in nonsmokers and
smokers. This observed regional effect must be con-
sidered to be occupation-related, and consistent with
the high prevalence of chronic bronchitis reported for
nonsmoking farmers in comparison with nonsmokers
in the general European population [2]. The 3%
prevalence of chronic bronchitis found in nonsmoking
Californian farmers, despite of the high frequency of
former smokers (32.6%) among them, is similar to the
prevalence found in nonsmokers from the European
general population [48] and supports this hypothesis.

In contrast, the 10% prevalence of chronic bronchitis
found in nonsmoking European farmers is very high.
A recent re-analysis of the ECRHS data is consistent
with the present results, pointing to crop farming as a
risk factor for chronic bronchitis in nonsmokers [49],
and similar observations have been reported in selec-
ted populations of European animal farmers [50, 51].

In the current study, chronic bronchitis emerged
as closely related to toxic pneumonitis, both in non-
smokers and smokers. Chronic bronchitis was reported
by more than one quarter of the farmers report-
ing episodes of toxic pneumonitis, but was unusual
in nonsmoking farmers without toxic pneumonitis.
CARVALHEIRO et al. [52] have also reported a similar asso-
ciation between chronic bronchitis and toxic pneu-
monitis in nonsmoking animal farmers. DALPHIN et al.
[53] found that toxic pneumonitis preceded chronic
bronchitis in 17 nonsmoking French dairy farmers,
suggesting that toxic pneumonitis may in fact be a risk
factor for chronic bronchitis. Toxic pneumonitis, con-
sidered a self-limiting disease that rarely persists beyond
36 h, is characterised by influenza-like symptoms.
Indoor handling of animal and/or vegetal products
has been implicated in the appearance of the disease.
The observed association between toxic pneumonitis
and chronic bronchitis suggests that the pathogenesis
of the latter may also be related to exposure to indoor
air contaminants. Supporting this hypothesis, working
inside confinement buildings emerged as a risk factor
for chronic bronchitis in the present study, both for
nonsmokers and smokers, and the prevalence of this
respiratory symptom in nonsmoking animal farmers
was related to high indoor dust exposure and working
in small workplaces. CORMIER et al. [54] also found
that the high prevalence of chronic bronchitis in
Canadian pig farmers was related to indoor work. In
the present study, chronic bronchitis was additionally
related to work inside greenhouses in nonsmoking
farmers, a finding suggesting that the effect of indoor
exposure to air contaminants on respiratory symp-
toms may not be limited to animal farmers. The data
confirms that the high prevalence of chronic bron-
chitis in European farmers depends partly on indoor
work as a regional farming characteristic. However, a
role for other risk factors not assessed in the pre-
sent study in the pathogenesis of chronic bronchitis in
European farmers, such as storage procedures, alti-
tude or regional harvesting practices, cannot be dis-
carded [55–57]. Notwithstanding, the high prevalence
of confinement building animal production in Europe
is probably one of the main factors facilitating the
development of chronic bronchitis in European farm-
ers, and certain characteristics, such as indoor envi-
ronmental dust concentration, may be specifically
involved.

To conclude, asthma in farmers has been found to
be partly related to poultry farming and flower grow-
ing, whereas chronic bronchitis seems to be related to
pig and rabbit farming, and the cultivation of grain,
oil-producing plants and flowers. The high prevalence
of asthma in Californian farmers depends on socio-
demographical factors rather than regional farming
characteristics. In Europe, the high prevalence of chro-
nic bronchitis in farmers is independent of smoking
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and seems to be only partly dependent on the type of
animal and crop production practiced, but is clearly
related to farming inside animal confinement build-
ings or greenhouses and indoor dust exposure. These
findings suggest that indoor occupational exposure to
animal and/or plant contaminants has a central role in
the pathogenesis of chronic bronchitis in farmers.
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