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Abstract
Objectives - The purpose of this study was to determine differences in the
respiratory health of various types of farmers in east-central Alberta and the
effect of atopy on these differences.
Design - This was a cross-sectional study of 781 farmers who grew grain crops
and raised livestock.
Results - Respiratory symptoms were not associated with farm size. Livestock
farmers had more respiratory symptoms than grain farmers. Atopic farmers did
not report more symptoms than non-atopic farmers. Turkey farmers were the
only group of farmers significantly more likely to report a diagnosed respiratory
iliness - asthma (OR 2.69; 95%CI 1.29-5.61). Lung function resuits for pig
farmers and canola farmers showed statistically significant differences, but
clinically ihe differences were small.
Conclusion - Farm size was not a surrogate for exposure. Grain farmers
reported fewer symptoms than livestock farmers, and atopic farmers did not have
more respiratory symptoms than non-atopic farmers. Lung function tests from

different types of farmers did not differ clinically.
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INTRODUCTION

Farming is an important and historical occupation in Alberta. There are many
different types of farming operations that occur in Alberta including both grain
and livestock farms. Some of the more important grains include wheat, oats,
and barley. Oil-seed grains such as canola have become more important in
recent years. The major livestock animals are beef cattle, dairy cattle, hogs,

chickens and turkeys. Horses are also common on many farms.

Since there is so much variety in the grains and livestock, farmers are exposed
to several different types of dust and antigens that can cause respiratory
symptoms (Zejda, 1993; Dosman, 1987). Certain animals and grains have

become associated more often with respiratory symptoms than others.

Farmers with respiratory problems associated with their work may be interested
in knowing which grains or animals may be causing their problems or which

types of farming are more or less likely to trigger respiratory problems.

Atopy is a common condition with a prevalence of 15-50 percent in the general
population (Frew, 1989). Atopic individuals are more likely to have respiratory
symptoms when exposed to certain antigens than those who are not atopic.
Most farms contain a number of antigens capable of triggering symptoms in

some atopic individuals. However, the role of atopy in potentially modifying



relationships between respiratory symptoms and individual exposures on the
farm is not well understood. Clarification of these relationships would be heipful
in counseling farmers with respiratory problems and susceptible individuals

intending to take up the occupation.

Since atopy is common in the population, many of these farmers will be atopic.
Atopic individuals who want to become farmers or atopic farmers who are
experiencing respiratory symptoms may want to know what type of farming will

give them fewer symptoms.

In a previous cross-sectional study, (Melenka et al., 1999) farmers growing
grain crops and raising livestock in east central Alberta completed
questionnaires that inquired about past respiratory history, smoking, allergies,
type of farm and farm practice. They also underwent spirometry. Skin prick
testing for immediate skin reactivity to common allergens was done and of the
781 full time farmers less than 65 years old, 154 farmers (19.7%) had a positive

skin prick test indicating atopy.

The previous analysis compared the respiratory health of the farmers to that of
other workers. However the impact of the type of farming on respiratory heaith
was not examined, nor was the potential role of atopy in modifying relationships

between farming exposures and respiratory health.



The present analysis examined the respiratory health of these farmers in
relation to the type of farming. It also investigated the role of atopy as a

potential modifier of these relationships.

LITERATURE REVIEW

There are numerous articles in the literature describing respiratory heaith
effects in the agriculture industry. The following literature review covered the

respiratory health effects of grain and livestock farming, and the role of atopy.

Health effects of grain farming

Much of the information on the respiratory health effects of grain dust has come
from studies of grain elevator workers (Broder et al., 1979; Huy et al., 1991,
Chan-Yeung et al., 1992). These studies showed an increase in cough, sputum
production, and shortness of breath. They also showed a small decrease in
forced vital capacity (FVC) and forced expired volume in one second (FEV;).
There was a dose-response relation between cumulative exposure to grain dust
and lung function (Chan-Yeung et al., 1992). The Chan-Yeung study was
composed of five cross-sectional studies of grain elevator workers in British
Columbia. They showed that exposure to grain was significantly associated
with lower FEV, and FVC. The effect of grain dust on FVC was greater than on

FEV,. Grain dust exposure had no effect on the maximal midexpiratory flow



rate (FEF2s.75%) or FEV4/FVC. Smoking was a strong determinant of FEF 25.75%

and FEV4/FVC but not of FVC.

A dose-response relationship between grain dust and lung function has been
shown (Huy et al.,1991). Four hundred and fifty-four grain elevator workers
were compared to 55 civic workers and a dose-response relationship was seen
for chronic phlegm production, breathlessness on exertion, FEV; and FVC.
Other studies have shown this longitudinal decline in lung spirometry among

grain handlers (Tabona et al., 1984; Enarson et al.,1985).

A study by Broder et al. (1985) did not show this rate of decline in lung function
when workers were exposed to grain dust. In the Broder study many grain

handlers having an excess of various symptoms left the study and this probably
led to an underestimate of the adverse health effects explaining the lack of rate

of decline in lung function.

The pathogenesis of grain induced respiratory disease is unknown but it is
postulated to be an interstitial inflammatory response in the bronchioles
(Stepner et al., 1989). Grain dust contains tannins that may cause a non-
immunologic activation of the complement system leading to inflammation of

the bronchioles (Skea et al., 1988).



in a prevalence study looking at grain farmers in Ohio, the prevalence of
respiratory symptoms (with 95% confidence intervals (Cls)) are as follows:

~ chronic cough 9.4% (7.6-11.1), chronic phlegm 10.8% (9.0-12.6), dyspnea
16.2% (14.1-18.3) and 8.1% (6.4-9.8) for wheeze in the absence of a cold
(Wilkins et al., 1999). Smoking status was found to be the strongest predictor

of symptom prevalence.

A study investigating the combined effect of grain farming and smoking on lung
function and the prevalence of chronic bronchitis was examined in 1633
residents aged 20-65 in Saskatchewan (Chen et al.,1991). They found that
women grain farming and smoking had a synergistic effect. The combined
effect for grain farming and smoking was not significant in men. Their data
suggested that there was a positive interaction between grain farming exposure
and smoking in lung function and the prevalence of chronic bronchitis in

women.

In a survey of chronic respiratory symptoms and airflow obstruction in a rural
Manitoba population, aged 20-65 years, the effects of farming and exposure to
grain dust was examined (Manfreda et al., 1989). The study included current
farmers, former farmers, and those who had never farmed. Almost all the
current farmers were exposed to grain, on average, for 2 months of the year.
There was a strong association between smoking and symptoms, but there was

no association between respiratory symptoms and exposure to grain and



farming once age and smoking were controlled. The authors suggested that
the farmers do not have chronic respiratory symptoms from exposure to grain
dust. They felt that lung function was reflective of exposures to livestock in the

past.

Health effects of livestock farming

Livestock farmers are exposed to a wide variety of potentially hazardous agents
and bioaerosols that come from animals, feces, and feed. These include dried
livestock or poultry proteins such as urine and dander, feces, ammonia dried to
particles, bacteria, grain mites and infectious agents (Donham, 1995). Reviews

of individual types of livestock farming follow.

Pig farming
Health hazards to farmers working with pigs were reported in 1977
(Donham et al., 1977). The prevalence of chronic respiratory symptoms is

known to be high in pig farmers, but the etiology is not fully known.

Fifty-three pig confinement farmers and 43 control farmers were studied in
Ontario in 1987 (Holness et al., 1987). Pulmonary function, and total and
respirable personal dust levels were cbtained. Dust levels were higher in the
pig farms compared to the control farms, and the pig farmers reported more

symptoms than the control farmers, but no relationships between dust levels



and symptoms were evident. Pig confinement farmers had no difference in lung

function compared to the control farmers.

A study investigating chronic respiratory symptoms and lung function in pig
farmers found that exposure to dust, endotoxins, and ammonia were not related
to chronic respiratory symptoms (Preller et al., 1995). The authors found that
the duration of the disinfection procedure, and the pressure at which the
disinfectant was applied from the apparatus at the time of disinfection were
positively associated with chronic respiratory symptoms. They stated that a
longitudinal study with exposure data was necessary to fully investigate the

respiratory health effects of endotoxins and ammonia in pig farmers.

A recent study investigated whether clean pig confinement buildings were less
harmful than older and dirtier facilities (Cormier et al., 2000)). Eight volunteers
were exposed for 4 hours, at 1 week intervals, to 8 swine confinement buildings
(SCBs) Parameters measured were FEV,, FVC, nasal white blood cells
(WBCs) and IL-8, and serum IL-6. Mean airbome levels for dust, bacteria,
endotoxins, molds and ammonia were measured. FEV, decreased after
exposure, nasal WBCs and IL-8 increased, and serum IL-6 increased. They
concluded that the modern techniques for pig farming did not decrease the

exposures of the subjects in the study.



Factors, in addition to the pigs, such as the use of quaternary ammonium for
disinfection and the use of an automated dry feeding system may accelerate

the decline in lung function over time (Vogelzang et al., 1997,1998).

A cross-sectional study was done to define the asthma like syndrome in pig
confinement workers in rural Nebraska (Von Essen et al., 1998). Hypertonic
saline challenges were used to induce sputum. The pig workers reported more
symptoms of wheezing, cough, and sinusitis than controls (p=0.003).
Macrophages were elevated in the pig workers, but not neutrophils. No
eosinophils were observed. Spirometry values did not differ significantly
between the pig group and the controi group, even though there was evidence
of lower respiratory tract inflammation determined by an increased number of
macrophages in the induced sputum. The findings in pig confinement workers

were noted to be different than people with asthma or chronic bronchitis.

A longitudinal study from 1989 to 1991 and 1994 to 1995 tried to determine the
predictors of changes in pulmonary function in swine confinement workers in
Saskatchewan (Kirychuk et al., 1998). Of the 98 original workers in 1989/91, 42
workers were studied again in 1994/95. Preshift FEV, and FVC were measured
and repeated every 2 hours. After adjusting for age, height, smoking and hours
spent in the bam, lung function changes across the work shift were good

predictors of the annual rate of change in FEV, and FVC. They also looked at



the effect of indoor air quality and found that endotoxin level was a significant

predictor of longitudinal changes in lung function in swine confinement workers.

Determinants of longitudinal changes in spirometric function were compared
between swine confinement operators (n=168) and neighborhood farmers
(n=127) in lowa (Schwartz et al., 1995). The control population was matched
for age, sex and geographic location. The average follow-up time was 2 years.
The swine confinement operators had less farming experience than the
neighborhood farmer control group. The swine confinement group was
exposed to higher environmental dust concentrations than the control group.
The swine confinement group had slightly lower measures of airflow and
greater work shift declines in FEV,, FVC and FEF2s.75 . The authors found that
higher concentrations of endotoxins were important determinants of accelerated

decrements in airflow in agriculture workers.

in another longitudinal study in lowa, 207 swine workers representing 108
swine farms were selected using a stratified random sample from 2,000 swine
farms in lowa (Reynolds et al.,1995). Pulmonary function testing, assessment
of respiratory symptoms, and personal breathing zone and area measurements
of environmental exposures were completed on all subjects. Measurements
were done at the start of the study and again at approximately 48 months. The

second measurements showed a mean cross-shift decrease in FEV of 2%.



Cross-shift changes were significantly correlated with personal exposures to

total dust, total endotoxin, respirable endotoxin, and ammonia.

Donham et al. (1995) investigated the respiratory dysfunction in swine
production facility workers, and determined a dose-response relationship of
environmental exposures and pulmonary function. Positive correlations were
seen between changes in pulmonary function over a work period, and exposure
to total dust, respirable dust, ammonia, and respirable endotoxins. These
relationships did not become manifest until exposed for more than 6 years.
Total dust and ammonia were the strongest predictors of lung function

decrements.

Most pig farming is done indoors. The above studies compare indoor pig
farming with outdoor farmers. The indoor environment may contribute to

decreased lung function.

The literature shows that pig farmers have increased respiratory health
problems by comparison with a variety of groups. The exact causative agents
are not fully known. There is good evidence implicating endotoxin; however
there are many other agents and factors that may contribute to the respiratory

health problems of pig farmers.
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Dairy farming

The prevalence of respiratory problems in dairy farmers is not as well studied
as in pig farmers or grain workers. Cross-sectional studies with contro} groups
have suggested that dairy farmers have changes in their expiratory flow rates
(Daulphin et al., 1998; Heller et al., 1986). Other authors have not found this to

be conclusive (Malmberg et al., 1985; Rautalahti et al., 1987).

A prevalence study was done in 1998 to determine whether dairy farming was
associated with an excess of asthma and respiratory symptoms (Daulphin et al.,
1998). The respiratory status of 265 dairy farmers and 149 non exposed
workers were compared. There was a questionnaire, spirometry,
bronchiodilation test, IgE levels and skin prick testing. There was no difference
in the reports of asthma in the two groups. The prevalence of all respiratory
symptoms was higher in the farming group. There was a statistically significant
difference after adjusting for age, sex, and smoking status, for cough, moming
phiegm, and chronic bronchitis. The study suggested that the combined effect

of farming and smoking were additive for chronic cough.

In a six-year longitudinal study of respiratory function in dairy farmers in France,
dairy farmers had more respiratory symptoms and lower levels of lung function
than did control subjects (Dalphin et al., 1998). The study suggested that dairy
farming is associated with a moderate loss of respiratory function that increases

with exposure and is significant in older males.

11



The type of drying procedure that was used for fodder was investigated in a
longitudinal study in dairy farmers in France (Mauny et al., 1997). The authors
compared barn-drying to traditional-drying of the fodder. The hypothesis was
that barn-drying reduced the exposure to fungal and bacterial micro-organisms,
especially thermophilic actinomycetes. After controlling for age, smoking status
and cumulative exposure, the farmers who dried fodder in the barns had less
chronic bronchitis and slightly better respiratory function than those farmers
who used the traditional-drying methods. The type of drying procedure did not
significantly reduce the annual rate of decline in respiratory function.

The literature suggests that dairy farmers, like other farmers, have work related
respiratory symptoms and an increased annual decline in lung function, but the

mechanism of action has not been determined.

Pouitry

Poultry workers have been shown to have a high prevalence of exposure
related respiratory symptoms. A study conducted in South Africa examined
workers at three poultry farms (n=134) and unexposed blue-collar workers
(n=122) in 1993 (Rees et al., 1998). The outcome measures were respiratory
symptoms, allergy and hypersensitivity to poultry antigens identified by skin-
prick tests, and the presence of IgE and IgG antibodies. The results showed
that the smoking habits and atopic status were similar in the pouitry workers
and the controls. Symptoms such as cough and wheeze were common in the

poultry workers. Significantly more poultry workers complained of chest

12



symptoms, and had more symptoms of asthma. There was no association

between immunological status and respiratory symptoms in the poultry workers.

In a cross-sectional study of turkey farmers in Minnesota, the farmers had
worse respiratory symptoms in the winter months, when exposure to
environmental agents was the highest (Reynolds et al., 1993). Prevalence of
symptoms was highest in smokers, people who worked in the hen bamns, and
people who had worked for more than 10 years in the turkey growing industry.
Pulmonary function also decreased through the day.

Respiratory symptoms and immunological status were investigated in poultry
workers in Yugoslavia (Zuskin et al., 1994). A group of 57 female poultry
workers in a processing plant were compared to 51 non-exposed workers.
Compared to the non-exposed workers, the poultry workers had higher
prevalence of cough, dyspnea, rhinitis, chronic phlegm and bronchitis. Exposed
workers with a positive skin test to poultry food extract had a higher prevalence
of all chronic respiratory symptoms compared to those workers with a negative

skin test.

A dose-response relationship was determined between occupational exposures
and cross-shift declines in lung function in poultry workers (Donham et
al.,2000). A total of 257 poultry workers were studied for respiratory symptoms,
pulmonary function, exposure to dust, endotoxin, and ammonia. Significant

dose-response relationships were observed between exposures and pulmonary
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function decline decrements over a work shift. Exposure concentrations
associated with significant pulmonary function decrements were as follows:2.4
mg/m® total dust, 0.16 mg/m® respirable dust, 614 EU/m® endotoxin, and 12

ppm ammonia.

In a cross sectional study of 95 turkey farmers in Minnesota, pulmonary function
was found to decrease through the day. Prevalence of symptoms was higher in
smokers, personnel who worked in hen barns, and persons who had worked in
the turkey growing industry for more than 10 years (Reynolds et al.,1993).

Their data supported the association between respiratory disease and exposure

to the environment in confinement buildings.

Horses

The prevalence of asthma and allergy symptoms was examined in New
Zealand farmers (Kimbell-Dunn et al., 1999). They found that asthma was
higher in horse breeders/groomers (16.5%), pig farmers (18.2%), poultry
farmers (17.4%) and oat farmers (17.4%). Horse allergy can cause a wide
range of clinical symptoms from urticaria to respiratory distress (Roberts and

Lack, 2000).

This study found that exposure to horses was associated with multiple
respiratory symptoms. Farmers with horses were the only group of farmers to

demonstrate an excess of wheezing. Wheeze without a cold, attacks of
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wheeze, and chest tightness were additional symptoms associated with horse

farming.

Atopy and allergy

Atopy is derived from the Greek word meaning “out of place” or “strange
disease”. The term atopy was proposed by Coca and Cooke in 1923 to identify
a subgroup of clinical allergies that invoked skin sensitizing antibodies and are
subject to hereditary influence (Blumenthai, 1998). The term atopy is used by
investigators and clinicians and has different meanings depending on who is
using the term. Some use the term to mean any allergic phenomena regardless
whether an antibody is found or not. Others believe it is due to an allergen-
specific skin-sensitizing immunogilobulin E (IgE) antibody. IgE was a major

advance in the field of allergy and was discovered by Ishizaka in 1966.

Owenby defined the term atopy to refer to the predisposition of certain
individuals to inappropriately synthesize IgE specific for certain protein
components of antigens or “allergens” encountered on mucosal surfaces
(Owenby, 1998). This is frequently, but not always, accompanied by elevated

synthesis of non-specific total serum IgE.

The relationship between respiratory disorders and allergy skin-test reactions
has been established for many years. Burrows et al. (1976) showed that atopic

individuals appeared to have increased bronchoconstriction and recurrent chest
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infections, and that atopy may be a risk factor for development of chronic

obstructive pulmonary disease (COPD).

Atopy in farmers and grain handlers

A study of maize workers, in South Africa in 1989, investigated respiratory
symptoms and IgE levels (Van Niekerk and Weich, 1989). The authors found
that symptoms suggestive of allergy were found in 90% of the farm workers
compared to 4% of the control workers. However, the total IgE levels were not
raised, and only 40% had positive radioallergosorbent (RAST) test against

specific allergens. The mechanism for the symptoms was not determined.

The effect of atopy on longitudinal decline in lung function was analyzed,
adjusting for smoking and age by Tabona et al. (1984). There was no
difference in longitudinal decline in lung function between those with and those
without immediate skin reactivity to any of the common allergens tested. The
presence of chest symptoms was also analyzed. No correlation between chest

symptoms and longitudinal decline in lung function was found.

Lung Disease in Farmers

Hypersensitivity pneumonitis

Hypersensitivity pneumonitis (HP) or extrinsic allergic alveolitis, is an
immunologically induced inflammation of the lung parenchyma, involving

alveolar walls and terminal airways, secondary to repeated inhalation of organic
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dusts and other agents by a susceptible host (Hunninghake, 1998). HP usually
results from exposure to “moldy” hay, silage, grain, birds or humidification

systems.

The clinical picture differs from patient to patient and is related to the frequency
and level of exposure to the causative antigen, and the individual. The
presentation can be acute, sub-acute, or chronic. In the acute form the
symptoms are fever, chills, cough, malaise and dyspnea. These symptoms can
occur 6 to 8 hours after exposure to the antigen and clear when there is no
further exposure to the antigen. The sub-acute form appears insidiously over a
period of weeks and cough and dyspnea can be severe. The chronic form of
the disease can present as a gradual progressive interstitial disease with cough
and exertional dyspnea without a prior history of the acute or sub-acute forms.
Farmer's lung disease (FLD) is a type of hypersensitivity pneumonitis caused
by exposure to moldy forage. Patients with FLD can have non-specific
hyperresponsiveness. A study done in Japan looked at FLD in 3 groups of
farmers (Amishima et al., 1995). The first group had episodes of FLD, the
second group had antibodies to Micropolyspora faeni (MF) or
Thermoactinomyces vugaris (TV), and the third group had no antibodies to MF
or TV and had no FLD. There was no difference in bronchial
hyperresponsiveness among the groups, and no difference in the IgE levels.
The authors suggested that the bronchial hyperresponsiveness was not due to

past episodes of FLD or sensitization to Micropolyspora faeni or
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Thermoactinomyces vugaris, but due to the occupational environment of dairy

farming.

Organic Dust Toxic Syndrome

Organic toxic dust syndrome (ODTS) is a hazard in which inhalation of mold
dust is associated with a febrile condition distinct from allergic alveolitis (Rask-
Anderson, 1995). ODTS is a flu-like, short term, acute febrile illness that occurs
within hours of the dust exposure. It is a nonimmunological, noninfective
condition that is self-limited. Exposures to high concentrations of grain dust
may cause influenza-like symptoms, with or without respiratory symptoms (do
Pico, 1994). Symptoms include cough, fever and myalgias occurring within a

few hours of exposure to fungal spores.

ODTS or grain fever is common condition affecting up to 32 percent of grain
elevator workers (do Pico et al., 1996). The incidence of allergic alveolitis is
much lower, ranging from 0.2 to 0.4 per thousand in the farming population

(Malmberg et al., 1990).

The mechanism of action is thought to be a systemic and pulmonary
inflammatory reaction with the induction of peripheral blood leukocytosis and
and airway neutrophilia (Rask-Anderson, 1989). Clinically, in the early stages,

it is difficult to distinguish between OTDS and hypersensitivity pneumonitis.
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Symptoms begin 4-8 hours post exposure, and consist of fever, chills,

headache, myalgias, dyspnea and/ or nausea.

Asthma

Asthma is characterized by increased responsiveness of the tracheobronchial
tree to multiple stimuli (McFadden, 1998). There is widespread narrowing of
the air passages that may be relieved spontaneously or as a result of therapy.
Clinically it is characterized by paroxysms of dyspnea, cough and wheezing.
The common denominator is nonspecific hyperirritability of the tracheobronchial
tree. The stimuli that increase airway responsiveness can be grouped into
seven major categories: allergic, pharmacologic, environmental, occupational,

infectious, exercise-elated, and emotional.

Allergic asthma is dependent upon an IgE response that is controlled by T and
B lymphocytes and an interaction with the IgE and mast cells. Occupational
asthma can result from over 200 agents (Banks, 2000), and there are many of
these agents on a farm inciuding, wood and vegetable dusts, animal and insect
dusts, secretions, and fertilizers. The prevalence of asthma in the farming

environment is from 3.0-7.7% (Bessot et al., 1996).

Predictors of asthma were investigated in rural Saskatchewan by Sentilselvan
et al. (1993). They found that age, level of education, and physical activity at

work were significant predictors of asthma or wheezing. When stratified by sex,
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grain farming was a significant predictor of asthma in men but not women. .
Smoking and grain farming were significant predictors of wheezing in both

sexes.

In another study determinants of asthma were investigated in a farming
population in Norway (Melbostad et al.,1998). They determined that the
combination of animal farming, smoking, and a positive family history gave an
OR of 8.1 (95%CI 4.0-16.2) for current asthma. They concluded that there was
an interaction between genetic factors and exposure factors involved in the

causation of asthma.

Bronchitis

Chronic bronchitis is a condition associated with excessive tracheobronchial
mucus production sufficient to cause cough with expectoration for at least 3
months of the year for more than 2 consecutive years (Honig and Ingram,
1998). Smoking is the single most important etiologic factor for chronic

bronchitis, however occupational and environmental factors are also important.

Chronic bronchitis in farming was studied in relation to work time and years of
exposure to farming (Melbostad et al., 1997). The exposure factors were full
time farming versus part time farming, livestock production, and occupational

dust exposure outside agriculture. The combination of these work exposure
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factors showed a 2-to-3 fold increase for bronchitis. Combinations with

smoking showed a 6-fold increase.

Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (COPD) is a generalized airways
obstruction particularly of the small airways, associated with varying
combinations of chronic bronchitis and emphysema (West,1987). The term
COPD was introduced because these conditions often coexist, and it may be
difficult in an individual case to decide which is the major cause of the
obstruction. Airway obstruction is defined as an increased resistance to airflow
during forced expiration. It may result from narrowing of airways secondary to
intrinsic airway disease, from excessive collapse from emphysema, from

bronchospasm from asthma or a combination of these factors.

OBJECTIVES AND HYPOTHESIS

Objective

The objective of the study was to determine differences in the respiratory health
of various types of farmers in east-central Alberta and the effect of atopy on

these differences.

Hypothesis
Differences in lung health of various types of farmers are more marked among

atopic farmers than non-atopic farmers.
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STUDY POPULATION AND METHODS

Two counties in east-central Alberta (Camrose and Wetaskiwin) were used for
study because most farms included both livestock and grain crops. They were
far enough from a major urban center so that few farmers would be commuting
to urban centers for other jobs, and they were close enough to the investigators
to make the study feasible.

A list of all farmers in these two counties who enrolled in the Federal Fertilizer
Rebate Program was obtained from the district agriculturists. This was felt to
be the most complete listing of farmers in the area, since virtually all farmers
applied artificial fertilizers and were eligible for rebates. All farmers were
contacted by telephone and were questioned regarding their eligibility. Eligible
farmers included males between the ages of 18 and 65 who spent at least 80
percent of their time farming. Of those who were eligible, 76 percent (n=781)
agreed to participate in the study. White males were studied as there were few
non-white male farmers in the area and although many women were involved in

farming, relatively few had full-time exposures throughout the year.

A questionnaire was administered under the supervision of trained staff. It
incorporated the American Thoracic Society Aduit Questionnaire (Ferris, 1978).
Questions on attacks of wheeze and chest tightness were added. Detailed

inquiry was made about occupational history. Nonsmokers were defined as
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those who had never smoked tobacco products regularly. Ex-smokers were

those who had given up smoking at least one month prior to the study.

Allergy skin tests

Testing of immediate skin reactivity to aeroallergens was performed by the skin
prick method. A drop of antigen was placed on the skin and a small prick was
made with a sterile needle. The largest diameter of the skin wheal was
measured after 15 minutes and a measurement of 3 mm or greater than the
control saline injection on any one of the tests was interpreted as positive.
These farmers were considered to be atopic. The antigens were commercially
prepared and included rye, wheat, house dust, Alfternaria species, cat dander
and birch tree. These were chosen because of the anticipated high frequency

response, based on previous experience in this region (Herbert, et al., 1982).

Farm Classification

Statistics Canada classifies farms according to the predominant commodity
grown or produced (Statistics Canada, 1996). The commaodity that accounts for
51 percent or more of the total value of sales for a farm determines the farm
operation. For example, a farm with total sales of 53% from beef cattle, 27%

from hogs, and 20% from barley would be classified as a beef cattle farm.

This classification scheme was not feasible in this study for two reasons. First,

data were not available on farm income. Second, using this definition, the type
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of farm could change with commodity prices, even though exposures stayed the

same.

The farms were classified according to the types of livestock and grains that
were raised or grown on that farm. If a farm had muiltiple types of livestock or
grain, then the farm had multiple classifications. Many of the farms were mixed
and had multiple classifications. If a farmer had hogs, beef cattle, and turkeys,
the symptoms and conditions of interest were analyzed using the three different
types of livestock. The same farmer was included in the analysis as a hog

farmer, beef cattle farmer, and a turkey farmer.

The types of livestock farming included in the study were dairy cattle, hogs,
chickens, beef cattle, turkeys and horses. The types of grain farming included

wheat, oats, canola and barley.

The farms ranged from a few animals to thousands of animals or a few acres of
grain to hundreds of acres of grain, depending on the type of farm. To geta
better exposure assessment the farm operations such as dairy, hogs, or wheat
were grouped into or tertiles of low, medium and high farm sizes. The farm

operations and farm practices are listed in Group I.
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Group |: The farm operations, and farm practices included:

A) Livestock
1) Dairy cattle
2) Hogs
3) Chickens
4) Beef cattle
5) Turkeys
6) Horses
B) Grain
1) Wheat
2) Oats
3) Barley
4) Canola
C) Farm practice
1) Make silage
2) Grind grain

Data Analysis
The farmers were stratified by age and smoking status (nonsmokers, ex-
smokers and current smokers). A nonsmoker was someone who never smoked

as much as one cigarette a day for as much as a year, an ex-smoker was
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someone who stopped smoking one month before filling out the questionnaire,
and a smoker was someone who was smoking at the time of the study. Age

was stratified as less than 35 years, 35-49 years and 50-64 years.

The respiratory parameters of interest included signs and symptoms, diagnosed

illnesses, and lung function. These are listed beiow.

Group il: The respiratory conditions of interest included:
A) Signs and symptoms:

1) Usual cough

2) Phlegm

3) Shortness of breath

4) Wheeze without cold

5) Attacks of wheeze with shortness of breath

6) Chest tightness

7) Attacks of chest tightness

8) Chest tightness with shortness of breath

9) Fever, chills, flu-like symptoms

B) Diagnosed illnesses:
1) Asthma
2) Bronchitis

3) Pneumonia
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C) Lung function studies:
1) FEV,
2)FVC
3) FEV4/FVC

The analysis of data was done on an IBM compatible computer and SPSS was
used as the statistical package. Standard statistical methods used included chi-

squared analysis, logistic regression, and analysis of variance.

The farm operation was stratified by size into tertiles. This was done to test the
association between the size of the farm, (numbers of livestock, or acres of
grain) and the respiratory condition of interest. This method allowed for an
exposure-response curve to be formulated. A chi-square test for trend was

done to see if the size of the farm was related to the conditions.

Logistic regression analysis was used to study the effect of respiratory condition
by farm operation. Smoking and age were the two confounders controlled in
the logistic regression model. For each type of farming and each respiratory
condition, a sub-group analysis was done to see if the relationship between
respiratory conditions and farming exposures differed between atopic and non-

atopic farmers.

27



Spirometry was preformed in a standardized manner using a 13.5 litre Collins
water-sealed spirometer (Warren E Collins, Baintiree, MA, USA). At least five
forced expiratory maneuvers were completed. Analysis was performed on the
largest FVC and FEVy. Measurements were converted to body temperature

and pressure saturated (BTPS).

The relationship between lung function and farming type was assessed using
analysis of variance. Farmers were categorized by smoking category and each
type of farmer was compared to those not farming that animal or grain. The
lung functions parameters measured were FEV,, FVC and FEV,/FVC. Lung
function results were expressed as percent of predicted using the prediction

equation of Crapo et al. (1981).

RESULTS

The distribution of the 781 participating farmers and the atopic sub-group of
farmers, by type of farming is presented in Table 1a. The total of the
percentages exceeds 100 because many farmers raised multiple animals

and/or crops. The mean age was 45.6 years and the standard deviation was

11.6 years.
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The prevalence of symptoms for non-atopic farmers and atopic farmers is listed
in Table 1b. The prevalence of atopy was similar to that reported in the general
population (Frew, 1989). Attacks of wheeze with SOB and asthma were more

prevalent among the atopic farmers.

For all farm operations with the exception of canola, the greatest number of
farmers was in the age group of 50-64 years (Table 2). The canola farmers

were younger on average.

Across all types of farming approximately half of the farmers were lifelong
nonsmokers while less than 20 percent were current smokers (except turkey

farmers) (Table 3).

The cut points used to establish tertiles of farm size for each farm operation are
listed in Table 4. In most instances it was possible to divide the distribution

equally into thirds.

Since many farmers raised multiple types of livestock and/or crops, it was
necessary to assess the extent to which the same farmers raised individual
animals/crops. This was done by calculating the ORs resulting from a series of
2-by-2 tables of one type of farming (yes/no) by the other (yes/no). These ORs
are presented in Table 5. The high ORs indicate that the farmers who raised

one type of animal/crop were more likely to also raise the other. The converse
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is true for ORs less than one. These results were helpful in assessing similar
results for different farm operations. For example, the odds of a beef farmer
being a hog farmer were 2.10, the odds of a beef farmer being a chicken farmer

were 2.27 and the odds of a chicken farmer being a hog farmer were 2.42.

Tables 6-15 have three parts: a, b, and ¢. The ‘a’ tables compare respiratory
symptoms and diagnosed ilinesses by farm size. The ‘b’ tables include the
crude ORs and Cls for respiratory symptoms and diagnosed illnesses by the
number animals or acres of grain on the farm. The ‘c’ tables are the adjusted
ORs and Cls for respiratory symptoms and diagnosed ilinesses by the number

animals or acres of grain on the farm.

Tables 6a to 15a present comparisons of the respiratory symptoms or
diagnosed illnesses by the type of farming stratified by farm size. The columns
list the number and percent of farmers with symptoms in each category of farm
size, including those who are not involved in the particular type of farming. For
example in Table 6a, 48 of the farmers (13.4%), who did not raise dairy cows
had a usual cough. Twenty (14.4%) of the farmers in the lowest tertile of farm
size among dairy farmers had a usual cough, etc. The percentages do not add
up to 100 but rather reflect the percent of farmers within the category of farm

size who reported the symptom or iliness.
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Tables 6b to 15b are a continuation of Tables 6a to 15a. Tables 6b to 15b list
the crude ORs and Cls for respiratory conditions by farm size. The low,
medium and high farm sizes, in the ‘b’ tables, correspond to the low, medium
and high farm sizes in the ‘a’ tables. Those who did not farm the animal or crop
were used as the reference category for calculating the odds ratios. The odds
of having a cough if you were a dairy farmer in a farm with a low number of
animals was 1.01 (95% Cl 0.61-1.88). The odds of having a cough if you were
a dairy farmer on a farm with a medium number of animals was 1.26 (95% CI
0.75-2.13). The odds of having a cough if you were a dairy farmer on a farm

with a high number of animals was 1.27 (95% Cl 0.74-2.18).

Tables 6c¢ to 15¢ are a continuation of Tables 6a and 6b to 15a and 15b.
Tables 6c¢ to 15 c list the adjusted ORs and Cls for respiratory symptoms or
diagnosed illnesses by farm size. The low, medium and high farm sizes, in the
‘c’ tables, correspond the low, medium and high farm sizes in the ‘a’ and ‘b’
tables. As in the ‘b’ tables, those who did not farm the animal or crop were
used as the reference category for calculating the odds ratios. The odds of
having a cough if you were a dairy farmer in a farm with a low number of
animals, controlling for age and smoking, was 0.91 (95% Cl 0.54-1.75). The
odds of having a cough if you were a dairy farmer on a farm with a medium
number of animals was 1.27 (95% Cl 0.74-2.20). The odds of having a cough if
you were a dairy farmer in a farm with a high number of animals was 1.27 (95%

Cl0.73-2.21).
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A summary of the statistically significant findings from Tables 6b to 15b is given
in Tables 16a and 16b for the crude data, and a summary of the statistically
significant findings from Tables 6¢ to 15¢ is given in Tables 17a and 17b.
Tables 17a and 17b are similar to Tables 16a and 16b, except the data were
controlled for smoking and age. After controlling for smoking and age there
were fewer statistically significant results but the general trend was the same for

conditions and the farm operations.

Since there were 10 farm operations and 12 symptoms or diagnosed ilinesses,
there were numerous statistically significant findings. The odds ratios were
included in the summary table as well, but not the confidence intervals because
of space limitations. This was done to facilitate examination of exposure-

response trends.

For livestock farmers the significant findings were mainly in the low or medium
size farms with the exception of beef farming. Shortness of breath, chest
tightness, and chest tightness with shortness of breath, were significantly
elevated among hog, beef, and chicken farmers. The groups of farmers with
the highest ORs were the chicken and beef farmers. In general the livestock
farmers with low to medium numbers of animals had higher ORs than the larger
farms. For turkey farmers, asthma was more common in the low and medium

size farms.
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The farmers who predominately farmed grain had fewer respiratory findings
than the farmers who predominately farmed livestock. The wheat farmers with
medium size farms had significantly less cough, phlegm and asthma than those
with the low or high farm sizes. The canola farmers in the medium size farms
had less cough and more flu-like symptoms than the low or high farm sizes.

The oat farmers had wheeze without a cold and attacks of chest tightness in the
medium size farms and chest tightness and attacks of wheeze with shortness of

breath in the farms with high number of acres of oats.

Using the chi-square test for trend, each respiratory symptom/condition with
individually significant findings was tested by farm size not controlled for age or
smoking. Generally there was no significant trend for farm size and respiratory
conditions with the exception of chicken farmers and chest tightness with
shortness of breath (p=0.008) and this association showed a negative trend.

That is, farmers were more likely to report symptoms in the smaller farms.

Tables 18 to 29 present comparisons of all farmers, regardless of farm size,
who were involved in a specific type of farming compared to those farmers who
were not involved in that type of farming. Tables 18a to 29a include both the
crude and adjusted data. Tables 18b to 29b include the atopic farmers and the

non-atopic farmers.
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In Table 18a it is the farmers who raised dairy cows and had those symptoms
or diagnosed ilinesses listed compared to those farmers who did not raise dairy
cows. Using the crude data, if you were a farmer, the odds of having a cough if
you raised dairy cows was 1.20 (95%CI 0.80-1.81) compared to those farmers
who did not raise dairy cows. The table also includes ORs and Cls for the
same farmers but adjusted for smoking and age. Tables 18b-29b are related to
Tables 18a-29a, respectively, and include separate analysis for atopic and non-
atopic farmers. This presentation allows the reader to look at the crude data,

adjusted data, atopic data and non-atopic data altogether for comparison.

Table 30 is a summary of the significant findings from the crude analysis (i.e.,
Tables 18a to 29a). The significantly elevated symptoms for chicken farmers
were shortness of breath, chest tightness and chest tightness with shortness of
breath. Hog farmers had the same significant symptoms as the chicken
farmers. For beef farmers shortness of breath, chest tightness, and chest
tightness with shortness of breath were also elevated in addition to attacks of
chest tightness. Turkey farmers were significantly more likely to have asthma.
Farmers with horses had the most statistically significant symptoms including
shortness of breath, wheeze without a cold, attacks of wheeze with shortness of
breath, chest tightness, attacks of chest tightness, chest tightness with

shortness of breath, and pneumonia.



The odds ratio for usual cough for canola farmers was significantly less than 1.
When the canola farmers were investigated on an age specific basis, the
younger group of farmers had ORs significantly less than 1 for usual cough; the
older two groups did not. Oat farmers were significantly more likely to report
chest tightness and attacks of chest tightness. Grinding grain was significantly

related to pneumonia and shortness of breath.

Table 31 is a summary of the significant findings using the same data adjusted
for smoking and age (also from Tables 18a to 29a). The significant findings for
hog and chicken farmers were shortness of breath, chest tightness, and chest
tightness with shortness of breath. Beef farmers had significant findings for
chest tightness and chest tightness with shortness of breath. Farmers with
horses had significant findings for wheeze without a cold, attacks of wheeze
with shortness of breath, chest tightness. Turkey farmers had a positive

association with asthma.

The odds ratio for usual cough for wheat farmers and canola farmers were
significantly less than 1. Oat farmers were significantly more likely to report
chest tightness and attacks of chest tightness. Grinding grain was significantly
related to pneumonia. Fewer significant associations with respiratory
symptoms/conditions were found for grain farmers, compared to the livestock

farmers.
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Table 32 is a summary table for the atopic farmers showing the statistically
significant findings. Atopic dairy farmers were more likely to report chest
tightness with shortness of breath than atopic farmers who did not raise dairy
cows (OR 2.88; 95%Cl: 1.20-6.95). Atopic beef farmers had higher prevalence
of chest tightness (OR 4.90; 95%Cl: 1.30-18.50) than atopic non-beef farmers.
The only iliness associated with livestock farming in the atopic farmers was
asthma, which was associated with turkey farming (OR 4.83; 95%Cl: 1.36-
17.18). This relationship between the total group of turkey farmers and asthma

was also present (Table 34b).

The other positive findings were that atopic dairy farmers were significantly less
likely to report shortness of breath, and atopic chicken farmers less often
reported wheeze without a cold. Atopic grain farmers who farmed wheat, oats
and canola had significantly less cough than atopic farmers who did not raise

these crops.

Table 33 is a summary of the significant findings for the non-atopic farmers.
The findings were similar to Table 31 for hogs, chickens, beef, horses and oats.
The relationship between asthma and turkey farming was not significant in this
group. In the non-atopic group canola farming had an OR greater than 1 for flu-
like symptoms. Wheat farming had an OR less than 1 for asthma, and grinding

grain had a positive association with flu-like symptoms.
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Tables 34a and 34b allow for an easy comparison of the associations between
symptoms/conditions and farming type for all the farmers, the atopic farmers

and the non-atopic farmers. It is a condensed version of Tables 30, 31, and 32.

The data in Tables 35 to 47 compare the percent of predicted lung function for
farmers who did and did not raise a particular animal/crop by smoking category.
Table 48 is a summary of the statistically significant findings. In the livestock
group the only significant findings were for the hog farmers. Even though there
were statistically significant findings for the mean percent of predicted FEV;
(p=0.007) and the mean percent of predicted FVC (p=0.001), the mean percent

of predicted values for both the FEV, and FVC were close to 100 percent.

In the grain group the only statistically significant finding was in the canola
farmers. The mean percent of predicted FEV, for canola farmers was higher
than mean percent of predicted FEV, for the non-canola farmers (p=0.033).
Again in the non-canola farmers the mean percent of predicted FEV; was close

to 100 percent.
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DISCUSSION

Approach

The objective of this study was to determine differences in the respiratory health
of various types of farmers and the effect of atopy on these differences. Since
farm sizes varied greatly, from a few animals to thousands of animals, the
approach was to divide the farms into tertiles of low, medium and high numbers
of animals or acres of grain farmed to see if farm size had an effect. The next
step was to investigate the respiratory health of all the farmers in different
farming environments, to see what the respiratory problems were, and then to
see if the respiratory health of atopic farmers differed. The respiratory health

was determined by symptoms, diagnosed illnesses, and lung function.

When reviewing these findings several factors have to be considered. A single
significant excess of a respiratory symptom is not necessarily clinically
significant. To assess a clinical significance, groups of symptoms were

considered.

In addition biological plausibility and support in the literature were taken into
account. If, for example, livestock farming was shown to have a protective
association with wheezing, this might not have been given a lot of weight,
especially if it was an isolated finding. Antigens from animals can initiate an IgE

response and allergic asthma. This has been well documented in the literature
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(Burrows et al., 1989). Therefore, the isolated finding that exposure to a type

animal was protective for wheezing would not be viewed as important.

Symptoms that were not statistically significant or had Cls that contained 1,
were reviewed to see how the ORs and Cls changed going from the crude data,
to the adjusted data, and to the stratified data. Again, symptoms that could be

grouped were considered more informative.

Limitations

This study had several limitations. One limitation was the internal comparison
of farmers. The respiratory symptoms and diagnosed ilinesses that were found
in the farmers, were not compared to a non-exposed group, but compared to
other farmers in different types of farming. This overlap in exposure has to
taken into consideration, and may have made it more difficult to find a positive
or negative association between the type of farming and the respiratory

conditions of interest.

There were numerous variables and therefore many calculations in this study,
so by chance alone it was possible to have a number of statistically significant
results. Statistically significant findings were viewed, knowing that they could

have occurred by chance alone. Emphasis was placed on significant findings

that were recurrent and findings that could be grouped together. These
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significant findings had to make biological sense and had to be consistent with

similar findings in the literature.

This was a cross-sectional study and farmers with respiratory symptoms or
atopy may have stopped farming because of these symptoms, and would not
have been included in the survey. This would have reduced the percent of

farmers with symptoms.

Years of farming could have been used as a surrogate measure of exposure.
The farm owners were the people surveyed, but not the farm laborers. The

laborers may have had different exposures than the owners.

There were no data on medications. Some asthmatics may have been well

controlled, and therefore did not have respiratory symptoms.

Farm size

No significant relationship has been shown between respiratory symptoms and
farm size or amount of livestock (Choma et al., 1998). Farm size in this study
was not a factor that determined the respiratory health of farmers. The
statistically significant respiratory symptoms, as shown in Tabies 17a and 17b,
occurred in all farm sizes. Dairy farmers reported symptoms in the medium size

farms, but hog, chicken, horse, and turkey farmers reported most symptoms in
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low and medium farms. Beef farmers had more symptoms in the high farm

size.

A chi-square test for trend was done to see if there was a trend for respiratory
symptoms in the larger or smaller operations. Farm size, in this study, was not
related to the respiratory symptoms, therefore farm size was not useful as a

surrogate for exposure.

The significant findings in the low or medium sized dairy, hog, chicken, and
turkey farms may have arisen if the farmers in the smaller farms did not have
the finances to install a good ventilation system. These systems are often
found in the larger operations, and should improve the air quality. This may
have caused increased respiratory effects among farmers in the smaller
operations. Because beef farmers do a lot of outside farming, the air quality

inside the barns may not be as important a factor.

Livestock Farming

Livestock farmers are exposed to animals, feed, feces, bacteria, grain mites
and ammonia (Crook et al., 1991). Since the livestock farmer can be exposed
to such a wide variety of substances, and since different livestock environments
have potentially different exposures, the findings in this study will be discussed

by farm operation.
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Pig farming

Health hazards to swine confinement buildings have been documented since
1977 (Donahu et al., 1977). When pig farmers were compared to a control
group of farmers they reported a significantly higher frequency of cough,
sputum production, chronic bronchitis and nasal complaints. They reported

higher frequencies of wheezing and flu-like symptoms (Holness et al., 1987).

This study found that pig farmers had symptoms of shortness of breath, chest
tightness, and chest tightness with shortness of breath, which is compatible with

the literature.

Lung function has been shown to be affected by pig farming (Donham et al.,
1977, Kirychuk et al., 1998) but some studies have not seen such a decline

(Holness et al., 1987, Von Essen et al., 1998).

This study also showed a statistically significant difference in percent of
predicted FEV, for pig farmers compared to non-pig farmers. The average lung
function values were close to normal, so the clinical significance of the result
can be questioned. Although the lung function changes were not clinically

significant, the long-term effect on these farmers is not known.
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Dairy farmers

The literature is not conclusive on the effects of dairy farming on lung function
and respiratory symptoms. The prevalence of symptoms in dairy farmers was
significantly lower than in pig farmers (Choudat et al., 1994). Cross-sectional
studies have suggested that dairy farmers have changes in their expiratory flow
rates (Daulphin et al., 1989, Heller et al., 1986), while other authors have not

found this to be conclusive (Malberg et al., 1985; Rautalahti et al., 1987).

The results showed that lung function tests for the dairy farmers did not differ
from the non-dairy farmers. The dairy farmers did not demonstrate excess
prevalence of respiratory symptoms. The dairy farmers were less likely to
report shortness of breath than other farmers. This finding does not make

sense biologically and the finding was rejected.

Poultry

Poultry workers have been shown to have a high prevalence of exposure
related problems. Rees et al., (1993) showed that pouitry workers had
significantly more respiratory symptoms and asthma, but there was no
association between immunological status and respiratory symptoms in poultry

workers.

Zuskin et al. (1994), however, found that exposed workers with a positive skin

test to poultry food extract had a higher prevalence of all respiratory symptoms
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compared to those workers with a negative skin test. Reynolds (1993) found
that workers who worked for more than 10 years in the turkey industry had

more respiratory symptoms.

This study found that turkey farmers had an increased prevalence of asthma,
OR 2.67 (95%Cl, 1.29-5.61), but the turkey farmers did not report increased
symptoms of asthma or airway hyperresponsiveness. It may be that the turkey
farmers with asthma were well controlled on medication, or managed to reduce

their exposure because they knew they would develop symptoms.

When the total group of turkey farmers was stratified into atopic and non-atopic
farmers, the association between turkey farming and asthma appeared stronger
among the atopic turkey farmers (Table 23b) OR 4.83 (95%Cl 1.36-17.18).
However, the sample size was small (n=23), and this gave a wide 95%CI (1.36-
17.18). If the sample size were larger the Cl would narrow so the true value
may or may not be significantly different. This association is interesting and

may be worth further investigation.

Horses

The prevalence of asthma has been shown to be high in horse
breeders/groomers (Kimbell-Dunn et al., 1999), and horse allergy can cause a
wide range of clinical symptoms including respiratory distress (Roberts and

Lack, 2000).



This study found that horses were associated with multiple respiratory
symptoms. Farmers with horses were the only group of farmers to have
wheezing positively associated with farm operation. Wheeze without a cold,
attacks of wheeze, and chest tightness were the symptoms associated with

horse farming.

Grain farming

Grain dust

The high prevalence of respiratory symptoms among grain workers when
compared to referent groups has been well documented in the literature (Chan-
Yeung et al., 1992; Broder et al., 1979; Dosman et al., 1980; Herbert, 1981).
The increase in symptoms include cough, phlegm, wheeze, and dyspnea
(Chan-Yeung et al., 1992; Broder et al., 1979). Most of this work was done in
grain elevator workers. Manfreda et al. (1989) studied farmers who were
exposed to grain dust for 2 months of the year. They found no association
between symptoms and exposure to grain. A study of New Zealand farmers
found that the prevalence of asthma symptoms was greater in livestock farmers

and oat farmers (Kimbell-Dunn et al., 1999)

In the present study grain farmers did not have as many symptoms as livestock

farmers. The oat farmers were the exception. They had symptoms of chest

tightness and attacks of chest tightness, but no changes in lung function.
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Grain farmers are not exposed to the high concentration of grain dust nor are
the farmers exposed to grain dust year round like the grain elevator workers.
This may explain the reduced symptoms seen in the grain farmers compared to
the grain elevator workers. Also, livestock farmers are exposed to dust, mites,
dander and chemicals year round in the indoor barn environment. This
difference in environment may explain some of the increased symptoms seen in

livestock farmers.

Oil for dust suppression

Canola oil has been used for dust suppression in pig barns (Senthilselvan,
1997). Inhalation dust concentrations and endotoxin levels were lower in the
barns after the canola oil was sprayed. The FEV, was measured before and
after a 5-hour shift, and the workers in the bam where the canola oil was

sprayed had a smaller decline in lung function at the end of the shift.

In this study canola was not actively sprayed for dust suppression but farmed
as a crop. Farmers who grew canola were less likely to report cough OR 0.62
(95% Cl 0.41-0.94). The reasons for this finding are not apparent at this time.
When the canola farmers were investigated on an age-specific basis, the
younger farmers reported significantly less cough, but the middle age group and
the older farmers did not. This relationship was seen in the crude data, and

adjusting for smoking.
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Wheat farmers also reported fewer symptoms of usual cough compared to
those who did not raise wheat OR 0.59 (95%Cl 0.37-0.93). This finding may be
explained by the looking at the odds of canola farming and wheat farming. The
odds of farming wheat and canola were 15.84 (Table 5). The wheat farmers,
who reported fewer symptoms of usual cough, may have done so because they

also farmed canola, and it was the effect of canola oil on dust suppression.

Effect of atopy

The study by Van Niekerk and Weich, (1989) found symptoms suggestive of
allergy in 90% of the farm workers, however, the IgE levels were not raised, and
the authors thought that mechanisms other than allergy were responsibie for

the farm workers' symptoms.

In a study of the effect of atopy on longitudinal decline in lung function (Tabona
et al., 1984) there was no difference in longitudinal decline in lung function
between those with and those without immediate skin reactivity to any of the
common allergens tested. No correlation between chest symptoms and atopy

or longitudinal decline in lung function was found.
In this study, when all the farmers were grouped together and then stratified

according to atopy, the main symptoms were chest tightness, chest tightness

with shortness of breath, or shortness of breath in the totai group and the non-
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atopic group. Table 33a and 33b are summary tables of all the farmers plus

atopic farmers and non-atopic farmers for all farm sizes.

The atopic group had odds ratios less than one for shortness of breath and
wheeze without a cold. These findings may have occurred by chance as there
is no biological reason to explain why dairy farming would decrease shortness

of breath or chicken farming would decrease wheeze without a cold.

The exception was chest tightness and beef farmers. Chest tightness can be a
respiratory or cardiac symptom. Since it was only a symptom and not a

grouping of symptoms, chest tightness alone in atopic farmers does not support

our hypothesis.

The hypothesis that atopy can modify the respiratory health of farmers was not

supported by the data.

Symptoms and disease process

Cardiac disease, pulmonary disease, hematological disease or general
unwellness can present with many of the chest symptoms found in this study.
Angina pectoris can present with chest discomfort described as heaviness,
squeezing, tightness (Selwyn and Braunwald, 1998). It can occur with exertion,
at rest, or at night with chest discomfort and dyspnea. Hematological problems

such as anemia often represent cardiovascular and pulmonary adjustments,
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and the symptoms can include chest tightness or shortness of breath (Hillman,

1998).

The symptoms seen in this study such as chest tightness and chest tightness
with shortness of breath, were suggestive respiratory or cardiac problems.
These symptoms could be early signs that a farmer may develop respiratory
problems in the future, but they were not diagnostic for a respiratory disease at

that time.

The hog farmers, the beef farmers, and the chicken farmers had symptoms of
chest tightness, chest tightness with shortness of breath, or shortness of breath.
These symptoms are not diagnostic for any disease although they are
consistent with bronchial responsiveness. However, from these symptoms
alone, it is not possible to suggest which disease process was most likely to be

responsible or if it was a combination of disease processes.

Healthy worker effect

The healthy worker effect (HWE) has to be considered in most occupational
studies. The HWE is not a new concept and was described by Ogle in 1885
(Arrighi and Hertz-Picciotto, 1993). The term HWE was first used by McMichael
(1975). The HWE refers to a continuing selection process such that those who
remain in the workforce or employed at a particular job will tend to be healthier

than those who leave employment. in many industries approximately half the
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individuals that are hired quit or are terminated within a year (Choi, 1993).

Grain workers have stopped farming because of respiratory symptoms
(Dosman et al., 1991). The ability to detect adverse effects in grain handlers
was diminished by the selective loss of more severely affected workers from the
grain handler population (Broder et al, 1985). It is possible that farmers
stopped farming because of increased respiratory symptoms while farming.

The healthy worker effect has been considered a source for selection bias (Li
and Sung, 1999), and the results from this study could have been affected. The
result would have been to see less respiratory symptoms in this group of

farmers.

Patient advice

When giving information to a patient, all the information gathered from a study
has to be considered in light of the patients’ present condition, past medical
history, family history, financial status, and the patients’ willingness to be

monitored and followed.

The odds of developing asthma if the farmer was a turkey farmer is greater than
for other farmers, so it may be worthwhile to try to monitor these individuals.
Monitoring would depend on the individual patient and their circumstances.
Monitoring programs may be a worthwhile effort for the symptomatic farmers
Hopefully the monitoring would allow for an earlier diagnosis of asthma, and

earlier intervention to prevent further progression of the disease.
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Conclusions

The size of the farming operation did not have an impact on respiratory heaith
of farmers. If a farmer has experienced respiratory symptoms, downsizing will
not help his symptoms. Conversely, if a farmer is having respiratory symptoms,

enlarging his farm will not make his symptoms worse.

The livestock farmers reported more symptoms than the grain farmers did. If a
farmer is having respiratory symptoms, then changing to grain farming from

livestock farming may be beneficial.

Atopy did not have an effect on the respiratory symptoms of farmers and this
hypothesis was rejected. Based on the findings in this study, atopic farmers

would not benefit from changing their farming practices because of their atopy.

Turkey farmers reported having more asthma. The total number of turkey
farmers and atopic turkey farmers was small. These findings justify further
investigations to see if the association between turkey farmers and asthma is
present in other turkey farmers. Symptomatic turkey farmers may benefit from

a monitoring program.

Canola farmers reported less usual cough and had statistically better lung
function. There was a statistically significant decrease in the lung function of

pig farmers.
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