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PURPOSE: Although cross-sectional studies have reported that the prevalence of allergy is reduced on
a farm, few prospective studies were carried out on adults. We examined the association of experience of
farming with occurrence of cedar pollinosis in a prospective cohort in Japan.
METHODS: A total of 5,698men and 6,533 women, aged 35 to 69 at baseline in 1992, participated in the
Takayama Study, a population-based prospective cohort study. Occupational history was assembled via
a self-administered baseline questionnaire. To obtain information on cedar pollinosis, a follow-up question-
naire after 10 years from baseline was administered in 2002.
RESULTS: Compared with nonfarmers, farmers had a significantly reduced risk of cedar pollinosis after
controlling for covariates (hazard ratio (HR): 0.61, 95% confidence interval (CI): 0.41, 0.90 in men;
and HR: 0.31, 95% CI: 0.16, 0.60 in women). There was no significant association of cedar pollinosis
with other occupations except for an increased risk of pollinosis among salesmen in multivariate analyses.
We observed that other occupational exposures were not associated with the onset of cedar pollinosis after
adjusting by covariates, except for a decreased risk of cedar pollinosis for woodworking in men.
CONCLUSIONS: These data suggest that exposures related to farming environment might be protective
against cedar pollinosis.
Ann Epidemiol 2010;20:804–810. � 2010 Elsevier Inc. All rights reserved.
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INTRODUCTION

In Japan, cedar pollinosis is a common allergy caused by the
pollen of the cedar tree (Cryptomeria japonica) in spring. The
symptoms include rhinitis and/or conjunctivitis, accompa-
nied by pollen-specific immunoglobulin E (IgE) production.
According to the most recent available data, the prevalence
of cedar pollinosis in adults was 24.5% in the general popu-
lation in urban areas and had increased 2.6-fold in the last
couple of decades in Japan (1, 2).

Several cross-sectional studies have consistently indi-
cated a lower prevalence of allergic diseases, such as asthma,
allergic rhino-conjunctivitis, and atopic eczema, among
people living in rural areas compared with those in urban
areas worldwide (3–10). The different prevalence of allergic
diseases according to locality (farm area or urban area) may
be explained due to the exposure to microbes rich in farm.
Recent findings have shown that pathogen-associated
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molecular patterns (PAMPs) in bacteria may prevent aller-
gies in early childhood and adulthood (11–13). A few
prospective studies have been conducted to assess the asso-
ciation of rural or agricultural life with the occurrence of
allergies in children. There were no prospective studies to
assess the association between the farm environment and
nasal allergies in adults. Cedar pollinosis, the most common
nasal allergy in Japan, usually develops during adulthood.
Therefore, it is worth investigating the association between
farming and cedar pollinosis among adults in a longitudinal
design. In the present study, we examined the association of
farming with the occurrence of cedar pollinosis during
a follow-up study in a cohort of Japanese individuals from
the Takayama Study. We also examined the relation
between other occupations and cedar pollinosis in Japanese
men and women.
METHODS

Subjects for this study were cohort members from the
Takayama study, a population-based cohort study conducted
in Takayama, Gifu, Japan, in September 1992 as a baseline
study. Takayama is a suburban city located approximately
in the center of Japan and characterized by an inland climate.
The main industries are agriculture (including dairy),
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Selected Abbreviations and Acronyms

CI Z confidence interval
HR Z hazard ratio
PAMPs Z pathogen-associated molecular patterns

woodworking, furniture making, forestry, and tourism.
A total of 36,990 residents aged 35 years or older in Takaya-
ma were invited to the present study in 1992. A baseline
questionnaire completed by the respondents in this cohort
sought demographic information and details regarding occu-
pation, smoking, diet, and medical and reproductive histo-
ries. Details of the methodology have been thoroughly
described elsewhere (14). The final fixed baseline cohort
consisted of 31,152 subjects: 14,427 men and 17,125
women. The final participation rate was 85.3%. Smokers
were defined as those who had ever smoked over 20 packs
of cigarettes in their life and classified into former and
current smokers. Participants’ height and weight at baseline
were based on self-reports and used for the calculation of
body mass index. The information on diet including alcohol
consumption was derived from food frequency questionnaire
that had been already validated. Physical activity was as-
sessed by asking the average hours weekly participants had
spent to carry out various kinds of activities during the last
year in a validated questionnaire, and translated into ameta-
bolic equivalent (MET) (15).

The study participants in the present study were
restricted to those who were younger than 70 years old at
the baseline (n Z 26,546) and were tracked to a follow-up
study in July 2002. Among them, 1,120 had died and
1,058 had moved away from Takayama between September
1992 andMarch 2000, as certified by the residential registry.
Although we had lost access to residential registry data on
deaths and moves for the remaining term of the follow-up
through July 2002, we noted an additional 404 deaths
from obituaries. In July 2002, after excluding the aforemen-
tioned participants who were deceased and had moved
(n Z 2,582), we mailed a follow-up questionnaire to
23,964 subjects to obtain information on their experience
with cedar pollinosis. Among those to whom the follow-
up questionnaire was mailed, 1,460 had moved, 18 had
died (according to family members), and 51 were physically
unable to answer. Of the remaining 22,435 persons, 14,975
(66.7%) responded to the follow-up questionnaire.

The information on individual work experience was ob-
tained via the baseline questionnaire based on the following
question: ‘‘Which type of job have you held the longest
during your life?’’ According to replies to this question, we
made seven job categories, household management,
farming, manufacturing/crafting, desk work, sales/retail,
business management, and professional.
Participants whomight been exposed to chemical agents,
such as petroleum, pesticides, and organic solvents, which
might have caused allergies were asked a further question:
‘‘Which types of job or workplace have you been in for
over 10 years?’’ Participants were required to choose one
job title, metals, mining, textiles, plastics, gasoline, chemi-
cals, rubber, shipyard, farming, woodworking, automobile
repair, pesticides, or paint manufacturing, if they had occu-
pational exposure. To identify participants who had worked
outside, one question in the follow-up questionnaire was
provided: ‘‘Have you ever worked outside in the daytime?’’
If the reply was affirmative, the individual was defined as
an outdoor worker. If negative, the individual was consid-
ered an indoor worker.

The questionnaire regarding cedar pollinosis was devel-
oped based on that reported by Endo et al. (16). Information
was sought regarding four symptoms of cedar pollinosis:
sneezing, nasal discharge, nasal obstruction, and eye irrita-
tion. A case of cedar pollinosis was defined as the existence
of three of the four symptoms, with at least one symptom
occurring in spring only. Before the follow-up study, this
questionnaire had been validated through diagnosis by an
otolaryngologist based on nasal discharge, nasal provocation
test, intracutaneous test, and pollen-specific IgE positivity as
the gold standard. The sensitivity and specificity were 0.80
and 0.65, respectively (17). The participants were required
to report the age when each symptom had occurred for the
first time. For individuals identified as having cedar polli-
nosis, the age at onset of the earliest symptom was defined
as the age at onset of cedar pollinosis.

For the present analysis, participants who had experi-
enced any type of cancer (62 men and 212 women) before
the baseline were excluded. Furthermore, those known to
have had pollinosis before the baseline according to the
follow-up questionnaire (570 men and 1,001 women) and
who did not respond completely to the questions regarding
cedar pollinosis and occupation (344 men and 555 women)
were also excluded. Hence, the population for the analysis
consisted of 12,231 subjects (5,698 men and 6,533 women).
To assess a risk of cedar pollinosis for the occupation except
farming, subjects who had worked as farmers for the longest
period in a lifetime were excluded because farmers indicated
a reduced risk of cedar pollinosis. Informed consent was ob-
tained from each participant. This study was approved by
the local ethics board of the Gifu University Graduate
School of Medicine.

Misclassification might have occurred because the age at
onset of cedar pollinosis in follow-up questionnaire de-
pended on the recall by participants. We also conducted
analysis after excluding participants who reported the time
of occurrence of cedar pollinosis within the first 3 years for
the follow-up period and including those who reported the
onset for 3 years before the baseline.
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Statistical Analyses

The associations of cedar pollinosis with history of farming
or other occupation at the baseline study were examined
using a Cox proportional hazards model. Person-years of
follow-up for each subject were calculated from the time
of enrollment in the study (September 1992) to the date
of onset of cedar pollinosis or the end of the study (July
2002), whichever came first. Analyses were carried out sepa-
rately for men and women, because some job categories such
as housewives were specific to women. Multivariate analysis
was conducted using the covariates of age, smoking, and
years of education as potential confounders of allergic
rhinitis. All statistical analyses were carried out using SAS
programs (SAS Institute, Cary, NC). Significance was
defined as two-sided p less than 0.05.
RESULTS

Baseline demographics for both farmers and nonfarmers in
our study are given in Table 1. The study population
included 683 (12.0%) male and 425 (6.5%) female farmers.
Both male and female farmers were more likely to be older,
and participate in more physical activity than the other
participants. In contrast, farmers were less likely to smoke
and had less education. Marital status was not associated
with farming in either sex.

During the 10-year follow-up period, a total of 1,001
participants (452 men and 549 women) were newly affected
with cedar pollinosis. The association of farming with the
risk of cedar pollinosis is given in Table 2. Among men
and women, subjects who had the longest experience of
farming in their life had a significantly decreased risk of
onset of cedar pollinosis compared with nonfarmers after
controlling for age (Hazard ratio [HR]: 0.59, 95% confidence
interval [CI]: 0.41, 0.86 in men; HR: 0.33, 95% CI: 0.18,
0.62 in women). Additional adjustments for smoking and
education did not alter the results substantially.
TABLE 1. Baseline demographics of both farmers and nonfarmers

Men

Farmers Nonfarmers

Age (years) 55.1 52.1

BMI 22.7 22.6

Smoking (%)

Never 22.2 16.6

Former 28.6 28.7

Current 49.3 54.7

Alcohol drinking (ml/day) 40.7 43.8

Physical activity (MET/week) 56.0 25.2

Education years over 15 years (%) 1.0 13.0

BMI Z body mass index; MET Z metabolic equivalents.
Values are crude means and percentages.
*Statistical significance level was considered to be p ! 0.05.
Employment in other jobs was not associated with the
risk of cedar pollinosis in comparison with nonemploy-
ment in the corresponding work, except for sales in
men, which in participants showed significantly increased
risks of cedar pollinosis in both age-adjusted and multi-
variate models (Table 2). Thus participants who experi-
enced sales were excluded when the analysis of the
association of farming with cedar pollinosis was done.
However, the reduced risk of cedar pollinosis for farming
still remained.

Table 3 shows the risk of cedar pollinosis according to
work in or out of doors. Men who worked outdoors and
were not farmers had an increased risk of cedar pollinosis
compared with indoor workers (HR: 1.30, 95% CI: 1.07–
1.58). However, male farmers who worked outside were at
a decreased risk of cedar pollinosis. Among the 683 men
and 464 women in sales, 411 (60.2%) men and 91
(19.6%) women had worked outdoors. The risk of cedar
pollinosis among salesmen was significantly increased
regardless of indoor/outdoor status. HRs were 1.76 (95%
CI: 1.20, 2.57) and 1.27 (95% CI: 1.03, 1.57) for salesmen
working indoors and outdoors, respectively.

We also analyzed occupational exposure to substances
that could cause allergies (Table 4). Some substances,
such as rubber that contained fewer than five cases of polli-
nosis were omitted from the table. There was a significant
and inverse association of greater than 10 years experience
of farming with the occurrence of cedar pollinosis, after
adjustments for age and other covariates, compared with
no farming experience in both men and women. Men who
were in furniture making and woodworking had a signifi-
cantly reduced risk of cedar pollinosis after adjustment for
covariates. Employment of women in the cotton or wool
industry and furniture making or woodworking was not
significantly associated with the onset of cedar pollinosis.
Among men, there were increased but statistically insignif-
icant associations of employment in automobile repair with
the onset of cedar pollinosis.
Women

p Values* Farmers Nonfarmers p Values*

!0.0001 55.8 52.0 !0.0001

0.88 22.4 22.1 0.07

96.2 85.5

0.8 3.5

!0.0001 3.0 11.0 !0.0001

0.06 6.0 7.8 0.03

!0.0001 35.9 20.5 !0.0001

0.001 0.2 5.3 !0.0001



TABLE 2. Risk of cedar pollinosis according to occupation

Men Women

Cases

(n)

Person

years

Age-adjusted

HR (95% CI)

Multivariate

HR (95% CI)* Cases (n)

Person

years

Age-adjusted

HR (95% CI)

Multivariate

HR (95% CI)*

Farmingy

No 422 46,945 1.00 1.00 539 57,106 1.00 1.00

Yes 30 6,227 0.59 (0.41–0.86) 0.59 (0.40–0.86) 10 4,124 0.33 (0.18–0.62) 0.32 (0.17–0.59)

Household managementy

No 316 32,379 1.00 1.00

Yes 223 24,727 1.00 (0.84–1.19) 0.98 (0.82–1.16)

Manufacturingy

No 359 39,492 1.00 1.00 501 53,118 1.00 1.00

Yes 63 7,453 1.02 (0.78–1.33) 1.03 (0.78–1.36) 38 3,988 1.09 (0.78–1.52) 1.05 (0.75–1.46)

Deskworky

No 381 41,351 1.00 1.00 450 50,046 1.00 1.00

Yes 41 5,594 0.80 (0.58–1.10) 0.78 (0.56–1.08) 89 7,060 1.18 (0.94–1.49) 1.20 (0.95–1.52)

Salesy

No 345 40,658 1.00 1.00 493 52,778 1.00 1.00

Yes 77 6,287 1.30 (1.01–1.66) 1.30 (1.01–1.66) 46 4,328 1.10 (0.81–1.49) 1.11 (0.82–1.50)

Business managementy

No 378 42,327 1.00 1.00 539

Yes 44 4,618 1.24 (0.91–1.70) 1.28 (0.93–1.76) 0

Professionaly

No 308 36,433 1.00 1.00 496 53,072 1.00 1.00

Yes 114 10,512 1.11 (0.89–1.38) 1.09 (0.88–1.36) 43 4,034 0.94 (0.69–1.29) 1.00 (0.72–1.37)

CI Z confidence interval; HR Z hazard ratio.
*Adjustment for age, smoking, and years of education.
yWorked the longest during participants’ life; subjects who experienced farming were excluded.
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Sensitivity analysis excluding subjects with the time of
occurrence of this disease for the first 3 years from baseline,
or including those who had developed 3 years before base-
line revealed substantially unchanged results. For instance,
HRs for male farmers were 0.66 (95% CI: 0.45, 0.96) in
the former situation, and 0.65 (95% CI; 0.40, 1.04) in the
latter, respectively.
DISCUSSION

The farm environment has been reported to reduce the risk
of allergic diseases such as asthma, allergic rhino-
conjunctivitis, and atopic eczema among both children
and adults (3–10). In this prospective study, farming was
TABLE 3. Risk of cedar pollinosis according to indoor or outdoor

Men

Cases

(n)

Person

years

Age-adjusted

HR (95% CI)

Multivari

HR (95%

Indoor working 171 22,289 1.00 1.00

Outdoor working

Farming 25 5,598 0.64 (0.43–0.99) 0.69 (0.45–

Other jobs 256 25,606 1.26 (1.04–1.53) 1.30 (1.07–

CI Z confidence interval; HR Z hazard ratio.
*Adjustment for age, smoking, and years of education.
significantly and inversely associated with the occurrence
of cedar pollinosis in both men and women compared
with other job classifications or the occupations involving
exposure to possible agents related to cedar pollinosis. As
cedar pollinosis is directly induced by cedar pollen that
exists outside, outdoor workers may suffer from cedar polli-
nosis more frequently than inside workers. Although
farming is outdoor work, the risk reduction among farmers
seems to be greater than possible increased risk due to expo-
sure to cedar pollen outdoors. In fact, outdoor works other
than farming were positively and significantly associated
with risk of cedar pollinosis among men in our study.

Many previous cross-sectional studies have indicated
that living on farm is associated with a reduced prevalence
Women

ate

CI)*

Cases

(n)

Person

years

Age-adjusted

HR (95% CI)

Multivariate

HR (95% CI)*

432 46,409 1.00 1.00

1.06) 10 3,269 0.42 (0.22–0.78) 0.39 (0.21–0.74)

1.58) 107 11,553 1.00 (0.81–1.23) 0.99 (0.80–1.23)



TABLE 4. Risk of cedar pollinosis according to occupational exposure*

Men Women

Cases

(n)

Person

years

Age-adjusted

HR (95% CI)

Multivariate

HR (95% CI)y
Cases

(n)

Person

years

Age-adjusted

HR (95% CI)

Multivariate

HR (95% CI)y

Farmingz

No 423 47,494 1.00 1.00 528 54,836 1.00 1.00

Yes 29 6,000 0.68 (0.47–0.99) 0.66 (0.45–0.96) 21 6,394 0.44 (0.29–0.69) 0.42 (0.27–0.65)

Metal processingz

No 432 51,770 1.00 1.00

Yes 20 1,725 1.34 (0.86–2.10) 1.33 (0.85–2.08)

Cotton or wool industryz

No 447 53,054 1.00 1.00 539 59,954 1.00 1.00

Yes 5 441 1.39 (0.57–3.34) 1.35 (0.56–3.25) 10 1,277 0.95 (0.51–1.78) 0.94 (0.50–1.77)

Plastics/petroleum

/chemical/pesticides

/paint industryz

No 440 51,461 1.00 1.00 544 60,603 1.00 1.00

Yes 12 2,033 0.63 (0.36–1.12) 0.63 (0.35–1.12) 5 628 0.86 (0.36–2.06) 0.83 (0.34–2.01)

Furniture making or

woodworkingz

No 417 46,728 1.00 1.00 525 57,777 1.00 1.00

Yes 35 6,768 0.69 (0.49–0.97) 0.69 (0.48–0.97) 24 3,453 1.09 (0.72–1.65) 1.07 (0.70–1.61)

Automobile repairz

No 429 51,684 1.00 1.00

Yes 23 1,811 1.31 (0.86–1.99) 1.38 (0.90–2.10)

CI Z confidence interval; HR Z hazard ratio.
*Occupational exposure was defined by job title that participants chose at baseline.
yAdjustment for age, smoking, and years of education.
zWorked for more than a decade.
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of allergic diseases (5–10). To our knowledge, however,
only two prospective studies have been conducted to
examine the relationship of the farm environment with
asthma in children (3, 4). The results of one study indi-
cated that Canadian children living on a farm had
a reduced risk of asthma compared with those in a rural
nonfarming environment, with odds ratios of 0.22 and
0.39, respectively, for children with and without a family
history of allergies (3). In the other study, parental farming
was inversely and significantly related to allergic sensitiza-
tion measured by a skin prick test in 1,150 elementary
school children in Austria (4). So far, no prospective
studies have been conducted on the relationship between
the farm environment and allergic rhinitis in adults. The
present prospective study is the first to assess the associa-
tion between farming and the occurrence of cedar polli-
nosis in adults. Our result showing a significant inverse
association between farming and cedar pollinosis does
not contradict and in fact supports the findings of the
previous studies. Some cross-sectional and prospective
studies have suggested that dwelling on a farm and being
exposed to a farm environment in early childhood are
associated with a reduced risk of allergies later in life
(3, 5, 6). However, one study in France reported that
exposure to a farm environment during adulthood as well
as in early childhood was associated with a reduced risk
of allergy (10).

Workers other than farmers, such as bakers, painters,
chemical workers, and plastic product workers, are exposed
to particulates that can induce an asthmatic reaction (18).
In the present study, there were no associations between
occupational exposures and cedar pollinosis except for
farming and furniture making or woodworking in men. A
decreased risk of cedar pollinosis was observed among
farmers even though they are exposed to a variety of anti-
gens, including organic dust, bacteria, pesticide, and chem-
ical agents that can cause sensitization and allergic
reactions. The decreased risk of cedar pollinosis among
farmers could be explained by exposure to rich microbes
on a farm. Microbes contain PAMPs, static structures in
the cell wall, which may prevent allergies (11). Recent
findings have shown that PAMPs, including lipopolysaccha-
rides, may stimulate the signaling pathway through Toll-like
receptors and induce higher innate immunological responses
in the host (11–13). We observed that furniture making or
woodworking inmen had a significant decreased risk of cedar
pollinosis. Fifty-six of 707 male woodworkers were also
engaged in farming. It is also possible that exposure to
microbes around timber may be associated with a decreased
risk of cedar pollinosis in male woodworkers.
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Salesmen were observed to have the increased risk of
cedar pollinosis regardless of indoor/outdoor status in the
present study. The products they sold or work environment
might cause allergic rhinitis. Unfortunately, we could not
obtain such detailed information. Studies assessing occupa-
tional information extensively are needed to elucidate the
association of cedar pollinosis with sales.

There are several limitations of the present study. The
limitations in the diagnosis of cedar pollinosis by self-
reported symptoms should be considered. Cedar pollinosis
is a prevalent seasonal allergy and is often undiagnosed in
Japan. Therefore, we used a questionnaire that asked about
symptoms related to this disease but not whether
the subjects had been diagnosed by a physician. Although
the specificity of the present questionnaire was not high
in the validation study, no other validated questionnaire
to identify cedar pollinosis has been published. Consid-
ering the relatively low specificity, some participants may
be misclassified as ‘‘cases.’’ In addition, information on
age at the onset was based on the long term recall. This
might have caused misclassification, although the results
were not altered by the inclusion or exclusion of cases
who had the onset around the baseline. However, these
misclassifications are likely to be independent of occupa-
tional status.

In the present study, we obtained information on neither
childhood history of allergic diseases nor family history of
allergies. The genetic selection bias should be considered
if the prevalence of allergic tendency in farmers was origi-
nally lower than in nonfarmers because atopic parents or
ancestors would have left their farms over generations.
The observation that farmers had a significantly decreased
risk of cedar pollinosis in the present analysis might be ex-
plained by this bias. However, we observed that farming
was somewhat positively associated with a risk of asthma
in men (HR: 1.36). It is unlikely that individuals who
were insensitive to cedar pollinosis but not to asthma re-
mained on farms. In addition, the observed increased risk
of pollinosis among outdoor workers may suggest that
a possible risk of cedar pollinosis would not greatly affect
the selection of occupation. Nonetheless, we cannot deny
the possibility of genetic selection bias. A prospective study
including a younger generation is desirable for an allergic
epidemiologic study.

Previous studies have suggested that residing on a farm
and being exposed to a farm environment in early infancy
are associated with a reduced risk of allergies later in life
(3, 5, 6). The information on exposure to farming in child-
hood is necessary to demonstrate the protective effect of
farming in adulthood. Unfortunately we did not have the
information whether participants lived in a farm in child-
hood or not, especially that farming workers who did not
stay in a farm during childhood but did during adulthood.
The low prevalence of allergic diseases has been reported
to be consistently associated with farm livestock (12). Ac-
cording to governmental information, dairy farming is
one of the main industries in Takayama. Many farmers in
the present study were likely to be subject to a livestock
environment (19).

The response rate was not high in the present study, and
we did not obtain information on cedar pollinosis among
subjects who had died or moved during the follow-up period.
According to the present data, the percentage of male
farmer respondents who responded to the follow-up ques-
tionnaire was similar to that of male nonfarmers, but female
farmers were more likely to respond than other workers
(data not shown). However, it is unlikely that female
farmers who participated were less affected by cedar pollen
than female nonfarmers who did not.

In summary, through a longitudinal study, we found
a significant and inverse association between farming occu-
pation and occurrence of cedar pollinosis in adults. To eluci-
date the association of farming with cedar pollinosis, further
studies that seek individual detailed farming history infor-
mation, such as type of agricultural work and exposure to
organic dust, animal dander, plants, and insects containing
microbe, are needed.
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