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ABSTRACT. Associations between farming exposures and atopy can vary by timing of exposure and
sex. We examined associations between adult atopy, sex, and farm living in a rural Canadian population.
In 2010, we conducted a baseline survey of 11,982 households located in four agricultural regions of
Saskatchewan, Canada. Of the 7225 adults aged 18-75, 1658 underwent clinical assessments including
skin testing. Of these, 1599 participants underwent skin prick testing to four common allergens.
We defined atopy as >3 mm reaction to any of four allergens compared with saline control. Farming
exposures were farm living in the first year of life and current farm living. All analyses were stratified
by sex. The prevalence of atopy was 17.8% and was higher in men than women (P < .001). The most
common allergy was to grasses (8.8%) followed by house dust mite (HDM) mixed (8.1%). Atopy was
lower in those subjects with an early farm exposure (P = .08) and who were female (P = .03). After
adjusting for education, age, and smoking status, both current and early farm exposures were associated
with decreased sensitization to cat atopy in women that was stronger with current exposure (P < .05).
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Men had significantly decreased atopic sensitization to Alternaria with an early farm exposure and
increased atopic sensitization to HDM with a current farm exposure. In this rural population, the protec-
tive effect of an early farm exposure for any atopy was weak overall. The impact of farming exposures
on atopy was allergen dependent and varied by sex.
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INTRODUCTION

Nearly one quarter to one third of adults liv-
ing in certain westernized countries are allergic
to at least one aeroallergen.' 3 The immuno-
logical response appears to vary by age, with
younger populations including young adults
experiencing more allergies.>~°

Living on a farm may protect from adult-
onset allergy.’ The effect of the farming envi-
ronment on the development of allergic dis-
ease has been the subject of epidemiological
and occupational research and debate in past
years.*=>7=9 The nature of the farming envi-
ronment with both livestock and crop produc-
tion makes it a suitable environment for both
increased and decreased susceptibility to allergy
in farm dwellers.'%!! The protective effect of
farming has been shown to vary by the tim-
ing?!® with continuance®!>!3 and by type of
farming exposure.” 13-4 The allergic response to
farm environments by farm dwellers can vary by
sex.!>-16 In recent years, the association between
decreased atopic sensitization and early farm
exposure has been of an area of primary interest
in adult farming populations.

The purpose of this investigation was to
examine if adult atopy is negatively associated
with timing of a farming exposure in adults and
if such an association varies by sex and specific

atopy.

METHODS

The analysis was based on data from an
ongoing prospective cohort study of rural res-
idents conducted in Saskatchewan, Canada.
Phase 1 of this study is a baseline sur-
vey with a clinical component completed in
2010-2011 on a subpopulation of the Phase
1 survey respondents. Phase 2 is a follow-up
study being conducted in 2014-2015. We report

here on findings from the clinical component of
Phase 1.

The overall objective of the cohort study is to
assess the social determinants of health and their
relationship with respiratory health over time in
farming and nonfarming rural populations. The
detailed methodology for the study has been
published by Pahwa et al.'” Briefly, we selected
geographical regions of the southern half of
the province (southeast, southwest, northeast,
and northwest) that included rural municipalities
(RMs) and towns located >60 km from an urban
center as defined by Statistics Canada.'® Within
regions RMs and towns were randomly selected
as target areas for the study, and meetings were
held with the preselected town councils and
RMs. Ethics approval for this study was received
from the Biomedical Ethics Review Board at
the University of Saskatchewan, Saskatoon,
Canada.

In Phase 1 a cross-sectional mail-out survey
was sent to 11,982 target households located in
the four geographical regions. A questionnaire
was completed by a key respondent from each
household. The questionnaire included a general
household component and separate components
assessing personal and environmental charac-
teristics for each adult occupant 18 years of
age or older. The questionnaire also asked for
participation in a clinical assessment component
of the study. Of the 11,004 eligible households
identified, 4624 households with 8261 indi-
viduals, aged 18 years to 101 years, returned
questionnaires (response rate = 42.0%). Of the
1675 participants who completed clinical
assessments, there were 1615 who under-
went allergy testing. The age cutoff for this
analysis was set at 75 years, and as a result,
1599 participants were available for the current
analysis.

Allergy testing was conducted by skin prick
tests (SPTs) to four common allergens (local
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grasses, standardized house dust mite [HDM]
mixed, cat, and Alfernaria) and positive (his-
tamine) and negative (saline) controls (ALK;
Abello Pharmaceuticals, Mississauga, Ontario,
Canada). Atopy, as described by the World
Allergy Association,!” was defined a priori as
a positive skin prick test to common allergens.
A positive SPT for this study was determined as
a wheal size of >3 mm to any of the allergens
compared with the negative control.

Two types of farming residency exposures
were assessed and the questionnaire asked:
having lived on a farm in the first year of
life (yes/no) and current location of home
(farm/nonfarm). Besides age and sex, other
variables examined included years of educa-
tion (12 years or less, more than 12 years) and
smoking status (nonsmoker, ex-smoker, current
smoker).

Chi-square test was used to assess the rela-
tionships between sex and sociodemographic,
farming (current and early farm living) and
atopy. To examine the relationships between
atopy and farm residency (early farm living
and current farm living), we conducted logistic
regression analyses separately for overall atopy
and specific allergens. All multivariable analy-
ses assessing associations between atopy vari-
ables and type of farm residency were completed
separately for men and women. The strength of
associations were presented by using adjusted
odds ratios (aORs) and their 95% confidence
intervals (ClIs).

RESULTS

There were 1559 participants between 18 and
75 years of age who completed allergy testing.
As the distribution of age was skewed, we cat-
egorized age into two groups, with cutoffs at
the median (56.0 years). More women (52.2%)
than men (47.8%) participated in the clinical
assessments.

Current smoking was uncommon in this pop-
ulation (8.4%). Approximately two thirds of the
clinic participants lived on a farm in the first
year of life, and a lower proportion (47.9%)
are currently living on a farm (Table 1). The
prevalence of atopy was 17.8%. The most fre-
quent allergy was to grasses (8.8%), followed by
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mixed HDM (8.1%). Atopy varied significantly
by sex, as more men than women were atopic
(P < .001).

Table 1 also presents the distribution of
sociodemographic and personal characteristics
of the study population stratified by sex. Men
were more likely to have a Grade 12 or less
level of education (P < .001), to have lived on a
farm in the first year of life (P < .05), and to be
currently living on a farm (P < .001). Women
were less likely to be atopic (P < .001). Specific
atopic sensitizations also differed by sex with
men more likely to be atopic to grasses (P <
.01) and house dust mite (P < .05) compared
with women.

We examined the associations for atopy and
living on a farm in the first year of life or cur-
rently living on a farm, overall and stratified by
sex (see Figure 1). Overall, those who had early
farm exposure tended to have a lower prevalence
of any atopy (P < .10). Women who had lived
on a farm in the first year of life were signif-
icantly less likely to be atopic compared with
women who did not (12.3% versus 17.9%; P
< .05). Although nonsignificant, the prevalence
of atopy was also lower for men with an early
farm exposure (20.4%) compared with men who
did not have this early exposure (24.1%). There
were no significant associations between atopy
and current farm living overall or when stratified
by sex.

After adjusting for potential covariates of
interest, early farm living showed a similar pat-
tern as seen in the univariate analyses of a pro-
tective association with atopy for women but this
was no longer significant (P = .11) (Table 2).
Both cat and grass atopy showed similar protec-
tive associations in women (P = .09 and P =
.12). Men who had lived on a farm in the first
year of life were less likely to have an allergy to
Alternaria (P = .03) compared with those men
who did not live on a farm in the first year of life;
however, there was no significant association
between early farm exposure and overall atopy
in men.

There was no association between current
farm living and overall atopy after adjusting for
potential confounders for either men or women.
Compared with their nonfarming counterparts,
men currently living on a farm were more likely
to have an increase in risk of an allergy to house
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TABLE 1. Comparison by Sex of Personal Characteristics and Atopy Results for Clinical
Assessment Participants
Variable Men Women Total
(n=764) (n = 835) (N = 1599)
n (%) n (%) n (%) P value
Age groups
18-55 years 346 (45.3) 446 (53.4) 792 (49.5) .001
56-75 years 418 (54.7) 389 (46.6) 807 (50.5)
Smoking status
Current smoker 74 (9.7) 61 (7.3) 135 (8.4) .064
Ex-smoker 304 (39.8) 309 (37.0) 613 (38.3)
Never smoker 386 (50.5) 465 (55.7) 851 (53.2)
Education
<Grade 12 470 (61.5) 366 (43.8) 836 (52.3) <.0001
Grade 12 294 (38.5) 469 (56.2) 763 (47.7)
First year of farm living
Yes 573 (75.0) 495 (59.3) 1068 (66.8) <.0001
No 191 (25.0) 340 (40.7) 531 (33.2)
Current farm living
Yes 387 (50.7) 379 (45.4) 766 (47.9) .035
No 377 (49.3) 456 (54.6) 833 (52.1)
Any atopy
Yes 163 (21.3) 122 (14.6) 285 (17.8) <.0001
No 601 (78.7) 713 (85.4) 1314 (82.2)
Cat atopy
Yes 61 (8.0) 61 (7.3) 122 (7.6) .609
No 703 (92.0) 774 (92.7) 1477 (92.4)
Altanaria atopy
Yes 24 (3.1) 22 (2.6) 46 (2.9) 545
No 740 (96.9) 813 (97.4) 1553 (97.1)
Grass atopy
Yes 85 (11.1) 55 (6.6) 140 (8.8) .001
No 679 (88.9) 780 (93.4) 1459 (91.2)
House dust mite (mixed)
Yes 74 (9.7) 56 (6.7) 130 (8.1) .029
No 690 (90.3) 779 (93.3) 1469 (91.9)

dust mite (P < .06) and women currently living
on a farm continued to have a decreased risk for
an allergy to cat (P < .03).

DISCUSSION

In this study, we assessed the impact of early
and current farming status on the prevalence
of atopy in rural men and women. The preva-
lence of overall atopy in this study was higher
in men than in women and there was a trend
for lower atopy with participants who lived on
a farm in the first year of life. Our findings
indicate that timing of home location could
influence the prevalence of specific allergic

sensitizations to aeroallergens for both male
and female subpopulations. Although men as a
group showed a protective effect to Alternaria
allergy if they had lived on a farm in the first year
of life, the protective effect was not apparent
for men who currently lived on a farm. Instead,
these men were more likely to have a borderline
increased risk for HDM. For women, the bor-
derline protective effect to cat allergen identified
with early farm living was much stronger with a
history of current farm living.

The prevalence of atopic sensitization
(17.8%) reported in this study is lower than
what has been previously reported in another
Canadian study of a rural population.! In
the study of a rural population in Humboldt,
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FIGURE 1. The prevalence of atopic sensitization for overall and men and women groups for the
exposures of living on a farm in the first year of life and currently living on a farm.
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TABLE 2. Bivariable and Multivariable Logistic Regression Odds Ratios (ORs) and 95%
Confidence Intervals (Cls) for The Associations Between Atopy Variables and Living on a Farm in
the First Year of Life or Current Farming for Men and Women Aged 18-75 Years (N = 1599)

Outcome First year of life Current farming
OR (95% Cl) Adjusted” OR (95% Cl) Adjusted OR*
OR (95% ClI) (95% Cl)
Men
Any atopy 0.81 (0.55,1.19) 0.83 (0.56, 1.24) 1.22 (0.86,1.73) 1.24 (0.87,1.78)
Cat 0.72 (0.41,1.26) 0.73 (0.41,1.29) 1.16 (0.69, 1.96) 1.16 (0.68,1.99)
Alternaria 0.45 (0.20, 1.04)" 0.40 (0.17, 0.93)* 1.03 (0.46,2.32) 0.83 (0.36, 1.90)
Grass 0.64 (0.40,1.04) 0.71 (0.43,1.16) 1.11 (0.71,1.74) 1.18 (0.74,1.88)
House dust mite 1.35 (0.75,2.43) 1.35 (0.74,2.45) 1.58 (0.97,2.58)" 1.63 (0.99, 1.15)F
Women
Any atopy 0.64 (0.44, 0.94)* 0.72 (0.48,1.07) 0.95 (0.64, 1.40) 0.93 (0.63,1.39)
Cat 0.60 (0.35,1.01)f 0.63 (0.36,1.08)" 0.56 (0.32, 0.98)* 0.54 (0.31, 0.94)*
Alternaria 0.82 (0.35,1.92) 0.91 (0.38,2.19) 1.47 (0.61,3.54) 0.67 (0.28,1.62)
Grass 0.51 (0.29, 0.88)* 0.63 (0.36,1.12) 0.79 (0.45,1.38) 0.81 (0.46,1.42)
House dust mite 0.78 (0.45,1.34) 0.88 (0.50, 1.55) 1.32 (0.76,2.27) 1.32 (0.76,2.28)

#Adjusted for age, education and smoking status.
*P < .05; TP < .10.

Saskatchewan, Chen et al.! reported atopic
sensitization to similar allergens to be 29.8%.
The differences in our reports of atopic sen-
sitization could be a result of a slightly more
stringent cutoff of >3 mm in our definition of
atopy. Post hoc, using a less stringent definition
of atopy (=3 mm), the prevalence of atopy in

our study was 26.1%, closer to the prevalence
reported by Chen et al.!

The prevalence of atopy in our study did not
differ between current farming and nonfarming
adult populations. No difference in atopy
between the farming and nonfarming popula-
tion was found in one other study of rural
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populations in Norway that included farmers®;
in most other studies, however, current farm liv-
ing has been shown to be associated with less
atopy.!:512

Our finding of a decrease in atopy with a
history of living on a farm in the first year
of life supports the findings from other studies
examining the effects of early farm exposure
for atopy in adulthood.?3-12:20=23 Although we
were unable to explore the specific farming
exposures associated with a decrease in atopy,
others have found that the decrease in atopic
sensitivity associated with farming is strongly
associated with an exposure to farm animals
or animal husbandry during adulthood,>'? with
an early life farm exposure,>>!'??° and with
prenatal exposure.?>? Endotoxin exposure and
other microbial agents, including gram-positive
bacteria and molds found in high levels in the
farming environment, appear to be important
for providing protection against atopy in both
child and adult populations.” It is thought that
the stimulation of Th1 helper cell development
as a result of increased microbiological expo-
sures in early life results in a down-regulation of
Th2 helper cell immunity necessary for allergic
responses to antigens.® Exposure to endotoxin
found in high levels on farms with livestock pro-
duction is thought to be a major initiator of the
Thl immune response in young farm children,
resulting in a subsequent reduction of an abil-
ity to mount an allergic response in children and
adults to allergenic environmental agents.’*>
Particular farming environments (cattle, straw,
and farm milk) have been shown to account for
the majority of the protective effect for asthma
reported in a study of farm children.?® The par-
ticular risk factors for atopy, on the other hand,
appear to not as clearly delineated,’® suggest-
ing that the agents involved in a protective effect
with atopy within farming environments still
require further identification.®

Sex differences in atopic sensitization for
farming have been noted in one other study.
Ernst and Cormier'®> observed that Canadian
adolescents living on a farm compared with
those not living on a farm had lower occurrences
of atopic sensitization to any of 21 aeroallergens
(P < .001). Upon examination of the importance
of atopy for farming exposures, the decrease in
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sensitization found in the farming group was
significant only for women (P < .001). This
latter study supports our consistent findings for
women. The consistent findings of a lowered
atopic sensitization to cat with two different
farming living exposures suggests that the farm-
ing environment may offer long-term protection
against atopy for farm-exposed women. The
specific exposures involved in lowered atopy
with early life and current exposure in farming
environments have not been delineated. Results
from the Agricultural Health Study in the United
States provide some evidence to support the
importance of farming living characteristics for
protection from atopic asthma.'® Hoppin et al.!®
noted that farming women in the Agriculture
Health Study who grew up on a farm and who
did not apply pesticides had the lowest risk of
atopic asthma compared with women who never
grew up on a farm.

Although atopic sensitization in our study
appeared to be generally protective for those
who lived on a farm in the first year of life,
this pattern of protection did not hold with cur-
rent farming, with the exception of a continued
decrease sensitization to cat allergen for women
who had current farm exposure as well. For
men, there was a trend for an increased risk of
atopy to HDM for those who currently lived on
a farm. Because of the cross-sectional nature of
this study, we are not able to provide an evidence
for the differences in association between atopy
and farming by sex over time. We did find, how-
ever, upon reexamination of the data that only
half of the current farming population had been
exposed to farm environment in the first year of
life.

The continuance of lowered atopic sensitiza-
tion with long-term exposure to farming envi-
ronments has been investigated by others. Prior
et al.'? noted the increased protective effect in
4 years for atopy and specifically for grass atopy
with young Tyrolean farmers. Recent studies
show that working on a farm seems to have
a protective effect against ongoing or newly
developing sensitization to common allergens,
independent of childhood farm exposure.!? In
a 14-year follow-up of 994 young farmers and
172 rural controls, current farming with a his-
tory of early farm exposure was negatively
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associated with new onset atopic sensitization
to cat allergen on SPT.!> Reversal of atopy
prevalence in a population previously exposed
to a farming environment has also been recently
found.® Horak et al.'* noted as well that the
protective effect of farm living for atopy was
more likely to be lost in farming children com-
pared with nonfarming children. This “plastic-
ity” of atopy to vary over time requires further
and more intense investigation of the nature
of environmental conditions between investiga-
tive periods of atopic status in farming popula-
tions.?*

This study has several limitations. When
considering the association with overall atopy,
although we did find a statistical trend for an
inverse associations for atopy with early farm
exposure, the reduction in the prevalence of
atopy (3.5%) may not be clinical important.
As such, the results should be interpreted with
caution. It is possible that the associations found
between specific allergens and farm-living expe-
riences could be spurious, given the number of
statistical tests conducted. However, the odds
ratios for each allergen are generally consistent
for the reduced risk for allergy for both men and
women with an early life farming exposure and
for men, higher risk for atopy with a current
farming exposure. The population understudy
when compared with the overall study popula-
tion did not differ in the report of early farm
exposure or sex status. However, the clinic pop-
ulation appears to be younger, better educated,
nonsmokers, and more likely to live on farms
than the overall study population. A selection
bias with the clinic population cannot be ruled
out. There may have been some differential mis-
classification towards the null for atopic status
in our sample, as our assessment of atopy by
SPT was limited to four common aeroallergens.
However, the allergens chosen were similar in
nature and to the number that were evaluated
in other studies.!">"12-21:22 As a diagnostic tool,
SPT has been shown to have better diagnos-
tic efficiency compared with other measures of
atopy-related asthma.?’” Due to sample size lim-
itations, we were not able to examine the rela-
tionship between atopy, sex, and early or current
farm living by types of farm production. As this
analysis was conducted using information from
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the baseline cross-sectional survey, we are not
able to determine causality between farm living
and decreased atopic sensitivity.

In conclusion, there are associations between
atopic sensitization and farm living that appear
to vary by sex. Specific allergens appear to be
more important for an increase in or protec-
tion from allergy that is related to the timing of
farming exposures.
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