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Purpose: Asthma is a heterogeneous disease, and factors associated with different asthma
phenotypes are poorly understood. Given the higher prevalence of farming exposure and late
diagnosis of asthma in more rural Western Finland as compared with the capital of Helsinki,
we investigated the relationship between childhood farming environment and age at asthma
diagnosis.

Methods: A cross-sectional population-based study was carried out with subjects aged 20—
69 years in Western Finland. The response rate was 52.5%. We included 3864 participants,
416 of whom had physician-diagnosed asthma at a known age and with data on the child-
hood environment. The main finding was confirmed in a similar sample from Helsinki.
Participants were classified as follows with respect to asthma diagnosis: early diagnosis (0—
11 years), intermediate diagnosis (12—39 years), and late diagnosis (40—69 years).

Results: The prevalence of asthma was similar both without and with childhood exposure to
a farming environment (11.7% vs 11.3%). Allergic rhinitis, family history of asthma, ex-
smoker, occupational exposure, and BMI > 30 kg/m” were associated with a higher like-
lihood of asthma. Childhood exposure to a farming environment did not increase the odds of
having asthma (aOR, 1.10; 95% CI, 0.87-1.40). It did increase the odds of late diagnosis
(aOR, 2.30; 95% CI, 1.12-4.69), but the odds were lower for early (aOR, 0.49; 95% CI,
0.30-0.80) and intermediate diagnosis of asthma (aOR, 0.75; 95% CI, 0.47-1.18).
Conclusion: Odds were lower for early diagnosis of asthma and higher for late diagnosis of
asthma in a childhood farming environment. This suggests a new hypothesis concerning the
etiology of asthma when it is diagnosed late.

Keywords: agriculture, early-diagnosed asthma, intermediate-diagnosed asthma, late-
diagnosed asthma, risk factors, phenotypes

Summary

e Late-onset asthma incidence was higher in agricultural Western Finland than
in urban Southern Finland in a recent EpiLung study. Our study tries to find
a reason for this difference.

e Childhood exposure to a farming environment and its microbiota has been
shown to reduce the likelihood of allergic, often early-onset asthma. In con-
trast, data from the Finnish EpiLung study show that growing up in a farming
environment increased the odds of asthma after age 40.

e This result suggests a new hypothesis concerning the etiology of late-
diagnosed asthma. Therefore, based on the premise, children should be
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protected from harmful exposures but be exposed to
diverse microbiota for good respiratory health.

Introduction
Asthma is a disease with several distinct phenotypes and
endotypes. Age at asthma diagnosis is one way to divide
asthma patients into phenotypes.'* We categorized parti-
cipants into three groups: early- (0-11 years), intermedi-
ate- (12-39 years), and late-diagnosed (40-69 years)
asthma. Respiratory viral infections are important triggers
of asthma exacerbations at all ages. Nonetheless, it is
unclear whether rhinovirus or respiratory syncytial virus
are causally related to later atopic or nonatopic asthma.’
Early-diagnosed asthma patients are more often atopic
and have a family history of atopy or asthma, thus having
Type 2-predominant immunity (T2), responsiveness to glu-
cocorticoids, and a good prognosis.*> For early-diagnosed
asthma, reported risk factors include male sex,'® early
abnormalities in lung function,'' atopy,” air pollution,'? pre-
natal and household tobacco smoke,'® and obesity.'* Early-
and intermediate-diagnosed asthma have partly shared, but
somewhat distinct, genetic risk factors, and genetics may
play a more prominent role in young persons.'” Patients
with intermediate- or late-diagnosed asthma are more often
females with worse prognoses and low disease remission
rates®. In addition, they more often have persistent airflow
limitation with either nonallergic T2 high- or non-T2
immunity.”® For intermediate- and late-diagnosed asthma,
known risk factors include female sex, smoking, occupa-
tional exposures, rhinitis, obesity, and early puberty.®'®
Although the risk factors for early-diagnosed asthma are
well documented, there is still a lack of understanding of
asthma risk factors in terms of the age at asthma onset,
particularly risk factors associated with late-diagnosed
asthma. Early- and late-diagnosed asthma may have different
(eg, sex) or similar (eg, smoking, air impurities) risk factors.
Childhood exposure to farming environment reduces the
risk for allergies and allergic asthma. However, most studies
are based on a population <50 years of age, and thus,
conclusions on the association of a childhood farming envir-
onment with late-diagnosed asthma cannot be drawn.'”'®
High microbial diversity in the environment has been asso-
ciated with lower asthma risk among children exposed to
agricultural settings.'®2° Protective factors in the farming
milieu are related to higher expression levels of innate
immunity genes that contribute to the development of the
immune system.”'*? Early- and late-diagnosed asthma are
different in terms of driving immunity.>® Therefore, we

hypothesized that the childhood environment might modify
asthma risk differently for early-onset and late-onset asthma.

Objectives

This study aimed to compare factors associated with early-,
intermediate-, and late-diagnosed asthma in a genetically
homogenous population® living in Western Finland, con-
sisting of rural and suburban residents sharing the same
social and healthcare services. The results were confirmed
in a more urban and heterogeneous Helsinki cohort.
Although there are several previous studies on asthma, this
study is the first to date to evaluate both early-diagnosed and
late-diagnosed phenotypes of asthma in the same setting,
focusing on the role of childhood living conditions.

Methods

The study included a cross-sectional random sample of the
population aged 20—69 years in February 2016 in Seindjoki and
Vaasa in Western Finland and Helsinki in Southern Finland as
part of FinEsS (Finland—Estonia—Sweden) and EpiLung study.
Nonresponders were often under 40 years and males.***

In Western Finland, 4173 participants responded in
a postal survey, yielding a participation rate of 52.5%
(Figure 1). To maintain a more homogenous population
and childhood environment, we excluded 103 subjects
with a primary language other than Finnish or Swedish,
since they were likely to be immigrants. Altogether, 3864
subjects were included in the analyses.

The definition of late-diagnosed asthma varies among
studies, from 12 years of age to 65 years of age.”*?’ As
stated above, participants were categorized into three groups:
early- (0-11 years), intermediate- (12-39 years), and late-
diagnosed (40—69 years) asthma. We decided not to use the
term “age of onset,” which might be different than the age at
diagnosis and is seldom known. We used the presence and
absence of allergic rhinitis to indicate asthma as allergic or
nonallergic.”® We analyzed the main results in Western
Finland, a rural and farming region with a low migration
rate, and validated the main result with the Helsinki cohort.?

Definitions
Physician-diagnosed asthma: Affirmative answer to “Has
a doctor diagnosed you as having asthma?”
The age at asthma diagnosis: “What age were you
when a doctor diagnosed you as having asthma?”
Childhood exposure to a farming environment: “Did you
live on a farm during your first 5 years?”” Because of urbani-
zation, many aged 60 to 70 years grew up on a farm but had
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Seinajoki-Vaasa sample

Helsinki sample
N=8000 invited Excluded from sample
N=7 returned empty
N=17 refused invitation
N=1 died
Corrected sample
N=7975 invited
Non-responders
N=3949
Response rate
N=4026 (50.3%)
Excluded from analysis
N=63 missing data on
smoking

Excluded from sample NE5000 wind
N=38 returned empty
N=14 address unknown
N=6 wrong person
Corrected sample
N=7942 invited
Non-responders
N=3768
Response rate
Excluded from analysis N=4173 (52.5%)
N=206 missing data on
smoking
N=103 language other
than Finnish or Swedish
Subjects in analyses N=3864
Physician-diagnosed asthma N=444
Known age of diagnosis N=426
Data on childhood exposure N=416

Subjects in analyses N=3963
Physician-diagnosed asthma N=434
Known age of diagnosis N=415

Figure | Flowchart depicting the study enrollment. The Seindjoki-Vaasa sample was the main cohort, and Helsinki was the validation cohort.

different occupations later in life within the area. The farms
used to be small and family-owned. Childhood exposure to
farming, cattle, or hay work often continued during the entire
childhood and occasionally even after the children moved
away from the farm.

Physician-diagnosed Chronic Obstructive Pulmonary
Disease (COPD): “Has a doctor diagnosed you as having
chronic bronchitis, COPD, or emphysema?”

Family history of asthma: “Do you have a family his-
tory of asthma?”

Family history of allergic rhinitis: “Do you have
a family history of allergic rhinitis?”

Occupational exposure to VGDF (vapors, gases, dust,
or fumes): “Are you now being, or have you been, heavily
exposed to gases, dust, or fumes at work?”

Physician-diagnosed allergic rhinitis: “Has a doctor
diagnosed you as having allergic rhinitis caused by pollen
(eg, birch, grass, mugwort)?” or “Has a doctor diagnosed
you as having allergic rhinitis caused by dander, such as
from a cat or dog?”

Statistical Analysis
Statistical analyses were performed using IBM SPSS
Statistics software version 26 (IBM SPSS, Armonk, NY,

USA). The Kruskal-Wallis test was used to compare con-
tinuous variables with a nonnormal distribution between the
three groups, and ANOVA was used to compare means.
Pearson’s chi-square test was used to compare categorical
variables. A p-value <0.05 was considered significant.

Cox time to event analyses were done for age at asthma
diagnosis for those with and without childhood exposure
to farming environments with a comparison of hazard ratio
(log rank). A null hypothesis was that the environment did
not play a role in age at diagnosis.

Multivariable binary logistic regression analyses were
performed to calculate odds ratios (ORs) with 95% con-
fidence intervals (CI) by using the dependent and indepen-
dent variables described below.

Physician-diagnosed asthma: Independent variables
were age, sex, allergic rhinitis, living on a farm during
the first 5 years of life, family history of asthma, family
history of allergy, smoking status, occupational exposure
to VGDF, and current BMI.

Early-diagnosed asthma (age at diagnosis < 12
years): Independent variables were sex, physician-
diagnosed allergy, living on a farm during the first 5
years of life, family history of asthma, and family his-
tory of allergy.
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Intermediate-onset asthma (age at diagnosis of 12-39
years) and late-onset asthma (age at diagnosis >40):
Independent variables in intermediate- and late-onset mod-
els were sex, allergic rhinitis, living on a farm during the
first 5 years of life, family histories of asthma, family
histories of allergy, smoking status, occupational exposure
to VGDF, and current BMI.

Results

Demographics of those with and without childhood expo-
sure to farming are shown in Table 1. Those with child-
hood exposure to a farming environment were older, had
higher BMI, lower social status based on occupation,
smoked less, had more occupational exposure, and exer-
cised more than those without childhood exposure.

Table | Demographics of the 3767 Participants in Western Finland with Known Childhood Environment

Childhood Non-Farming Childhood Farming P
Environment n=2143 (56.9%) Environment n=1624 (43.1%)

Female gender 161 (54.2%) 805 (49.6%) 0.005
Mean age (SD) 46 (14.7) 55 (12.9) <0.001

Median age 48 59
Mean BMI (SD) 26.5 (4.9) 27.1 (4.7) <0.001

Median BMI 25.8 26.3
Family history of allergy 742 (34.6%) 431 (26.5%) <0.001
Family history of asthma 550 (25.7%) 421 (25.9%) 0.857
Current farmers 25 (1.4%) 179 (12.6%) <0.001
Low socioeconomic status 1033 (58.1%) 1003 (71.1%) <0.001
Physical activity more than 3 hours daily 1036 (51.6%) 914 (61.1%) <0.001
Physical exercise more than 2-3 times a week 1525 (71.7%) 1208 (75.0%) 0.023
Occupational exposure to VGDF 670 (31.8%) 697 (44.3%) <0.001
Smoking status <0.001

Never smokers 1073 (50.1%) 911 (56.1%)

Ex-smokers 580 (27.1%) 449 (27.6%)

Current smokers 490 (22.9%) 264 (16.3%)
Physician diagnosed asthma 250 (11.7%) 184 (11.3%) 0.749
Age group

20-39 yrs 109 (14.2%) 35 (14.1%)

40-59 yrs 82 (9.8%) 58 (9.7%)

6069 yrs 59 (10.9%) 91 (11.7%)
Current asthma medication 250 (11.7%) 194 (11.9%) 0.792
Allergic rhinitis 442 (20.6%) 240 (14.8%) <0.001
Age group

20-39 yrs 209 (27.1%) 58 (23.4%)

40-59 yrs 170 (20.4%) 102 (17.1%)

6069 yrs 63 (11.7%) 80 (10.3%)
Physician diagnosed COPD 48 (2.2%) 46 (2.8%) 0.248
Age group

20-39 yrs 3 (0.4%) | (0.4%)

40-59 yrs 17 (2.0%) 14 (2.3%)

6069 yrs 28 (5.2%) 31 (4.0%)

Notes: We excluded 97 with missing information on childhood exposure to farming environment. Low socioeconomic status was based on occupation and skill level.
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However, the prevalence of asthma was the same for both
those exposed and not exposed to a childhood farming
environment. The characteristics of the participants with
asthma compared to those without asthma are shown in
Table E1.

We analyzed associated factors for asthma with logistic
regression. These were allergic rhinitis, family history of
asthma, being an ex-smoker, occupational exposure to
VGDF, and obesity, but not childhood exposure to
a farming environment (Table 2).

Early-, Intermediate- and Late-Diagnosed

Asthma
Of the responders with physician-diagnosed asthma, 114
(26.8%) had early-diagnosed asthma, 173 (40.6%) had
intermediate-diagnosed asthma, and 139 (32.6%) had late-
diagnosed asthma.

Early-diagnosed asthma was more frequent among
males, and late- and intermediate-diagnosed asthma was
more frequent among females (Table E2). Allergic

Table 2 Factors Associated with Asthma Assessed by
Multivariable Logistic Regression Analyses

Physician-
Diagnosed
Asthma (n=444)
*Adjusted
OR 95% CI
Age 1.00 0.99-1.01
Female sex 1.21 0.95-1.54
Physician-diagnosed allergic rhinitis 6.64 5.23-8.44
Childhood exposure to farming environment | 1.10 0.87-1.40
Family history of asthma 2.38 1.88-3.02
Family history of allergy 0.90 0.70-1.16
Nonsmoker (ref.)
Ex-smoker 1.54 1.19-1.99
Current smoker 1.21 0.89-1.64
Occupational exposure to VGDF 1.32 1.04-1.67
BMI <25 kg/m? (ref.)
BMI 25-29.99 kg/m? 0.87 | 0.67-1.14
BMI 230 kg/m? 1.38 1.03-1.84

Notes: *The model was adjusted for all covariates shown in the table Study
population n=3864.

Abbreviations: BMI, body mass index; Cl, confidence interval; COPD, chronic
obstructive pulmonary disease; ILC, innate lymphoid cells; OR, odds ratio; Th,
helper T cells; VGDF, vapors, gases, dust, or fumes.

rhinitis was most frequent in the early-diagnosed asthma
group and the least frequent in the late-diagnosed asthma
group. Current obesity was almost two times more fre-
quent in late-diagnosed asthma than in early-diagnosed
asthma. Participants with late-diagnosed asthma more
often had occupational exposure to VGDF, a smoking
history, and COPD. Additionally, the proportions of
patients with childhood exposure to a farming environ-
ment and a current occupation within agriculture were
higher in late- than in early- or intermediate-diagnosed
asthma. Childhood exposure to a farming environment
and late-diagnosed asthma seemed to correlate, and
therefore we did further analyses. Among 444 partici-
pants with physician-diagnosed asthma, the number of
patients with a known age at asthma diagnosis and data
on childhood exposure to farming was 416 (93.7%).

The Age at Asthma Diagnosis

These 416 patients were included in the following analyses
to illustrate the connection between the childhood envir-
onment and age at asthma diagnosis. The mean ages of
diagnosis were compared between those with and those
without a childhood exposure to farming. The mean diag-
nosis age was higher for those with than for those without
childhood exposure to farming environment (33.5 years vs
23.0 years; p < 0.001) (Figure 2A). Cox survival analyses
show that 50% were given their asthma diagnosis by the
age of 37 years if exposed to childhood farming, compared
to by the age of 20 years if not exposed to farming child-
hood environment, 0.60 (0.50-0.73)
(Figure 2B).

hazard ratio

Factors Associated with Asthma Age at

Diagnosis Groups
Marked differences were found in associated factors
among different ages at asthma diagnosis in both the
crude and adjusted analyses (Figure 3; Tables E3 and
E4). Interestingly, those with childhood exposure to
a farming environment had lower odds for early- and
intermediate-diagnosed asthma but higher odds for late-
diagnosed asthma. This main result was validated in the
Helsinki data, and the result was similar, childhood expo-
sure had lower odds for early-diagnosed and higher odds
for late-diagnosed asthma (Figure 3B, Table ES5).
Because younger subjects are less likely to grow up on
a farm due to urbanization and of course cannot have late-
onset asthma, we performed two additional analyses. OR
of intermediate-diagnosed asthma was analyzed for those
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p<0.001

Non-farming

Childhood environment

Y T T T T T
0 20 40 60

Age at asthma diagnosis

B
1.0 Childhood environment
’ — Farming
— Non-farming
HR 0.60
0.5
0.0 - T r T T u

0 20 40 60
Age at asthma diagnosis

Figure 2 (A) Age at asthma diagnosis between subjects with farming and nonfarming childhood environments (n = 416) (ANOVA). Vertical lines indicate means (B). Cox
survival analyses of age at asthma diagnosis and childhood exposure to farming and nonfarming environments (n = 416).

over 40 years of age (Figure 3C, Table E6) and OR of late-
diagnosed asthma for those over 60 years and additionally
adjusted for age (Figure 3C, Table E7).

Sensitivity Analyses for the Main Result
To exclude the possibility that data on subjects who were
currently farming could affect our results, we performed
a sensitivity analysis excluding participants who were cur-
rently or previously working within agriculture. Childhood
exposure to a farming environment had higher odds of late-
diagnosed asthma in this model (Figure 4, Table ES).

We performed a sensitivity analysis, excluding partici-
pants with coexisting physician-diagnosed COPD because
asthma and COPD
a considerable proportion of participants with late-onset
asthma have coexisting COPD. In this model, childhood
exposure to a farming environment continued to have

share some risk factors and

higher odds for late-diagnosed asthma (Figure 4, Table
E9). In separate analyses for allergic and nonallergic sub-
jects, childhood exposure to a farming environment
remained a risk factor for
(Figure 4, Table E10).

late-diagnosed asthma

Discussion

The main result of this study was that the same factor,
childhood exposure to a farming environment, affected the
probability of early- and late-diagnosed asthma differently.
This exposure was associated with lower odds for asthma
diagnosed before the age of 40 years but higher odds for
asthma diagnosed after the age of 40 years among both
allergic and nonallergic responders. The results remained
the same after excluding a previous or current farming
occupation or COPD.

Other Associated Factors

Females had higher odds of intermediate- and late-
diagnosed asthma, consistent with previous ﬁndings.‘t’50
Similar to an earlier study, late-diagnosed asthma was
more often nonallergic.® Ex-smoking and occupational
exposures were associated with asthma, although they
were not associated with age at asthma diagnosis. The pre-
viously reported attributable risk of occupational exposure

ranges from 10% to 25% or more for adult asthma.>'~>*

Childhood Farming Exposure Association

with Late-Diagnosed Asthma

Prevalence of asthma was similar with and without child-
hood exposure to farming in the age group 4069 years. In
contrast, there was some evidence linking childhood expo-
sure to farming environment to late-diagnosed asthma. An
earlier study showed a gradual increase in asthma diag-
noses over time after farming exposures, supporting our
finding.'® A limitation of earlier studies is that their late-
onset asthma populations were small; participants were
adults aged 20-44 years or 25-49 years.'”'® Asthma was
associated with livestock in nonatopic farmers in
Norway.” A significant dose-response correlation was
found between the amount of dust, fungal spores, bacteria,
endotoxin, or ammonia and the development of nonatopic
asthma. Nevertheless, the presence of livestock was
reported to reduce asthma risk among atopic farmers.?’
Adult farmers with respiratory disease more often have
neutrophilic airway inflammation,*® and neutrophilic
inflammation may also indicate T2-low asthma in addition
to COPD remodeling.®' Occupational agricultural expo-
sures are also associated with the development of chronic

. . 2
obstructive pulmonary disease.>*
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Childhood farming environment Western Finland

Earlyq +e—

Intermediate| H#—

Late I * i

OR (95% CI)

Childhood farming environment Helsinki

Early4 Ho—

Intermediate -

Late k * i

OR (95% Cl)

Childhood farming environment Western Finland (Age)

Early{ re

Intermediate

Late b - |

o 1 2 3 4 5 6
OR (95% Cl)

Figure 3 Association of age at asthma diagnosis with childhood exposure to
a farming environment in Western Finland (A), validation in the Helsinki population
(B) and adjusted for age in Western Finland (C). For Figure A logistic regression
analyses are shown in.Table E4, for Figure B logistic regression analyses are shown
in Table E5, and for Figure C in Tables E4, &, and E

Comparison with Earlier Childhood
Farming Exposure Studies

In previous prospective studies, a childhood farming envir-
onment protected against early-onset asthma.’®**>> The

OR of 0.49 in our study was similar in magnitude to that

Crude- [ = |

Adjusted - | |

Farmers excluded I ¥ i

COPD excluded P . |
>60 years - : * {
Allergic 1 k °
Non-allergic 1 k = i
o 1 2 3 4 5 6
OR (95% CI)

Figure 4 Association between childhood exposure to a farming environment of life
and late-diagnosed asthma in all subjects and different subgroups in Western
Finland. Models were adjusted for sex, allergic rhinitis, childhood exposure to
a farming environment, family histories of asthma, family histories of allergy, smok-
ing status, occupational exposure to vapors, gases, dust, or fumes, and current BMI.
The crude results are shown in Table E3, and the adjusted models are presented in
Tables E4, E7-E9, and EIO. The result remained in the adjusted analyses after
exclusion of farmers (Table E8), COPD (Table E9), and those < 60 years of age
additionally adjusted for age (Table E7). Higher odds were seen for both allergic and
nonallergic participants (Table E10).

reported in studies from suburban Europe (OR 0.49) and
alpine areas (OR 0.74).>**” The childhood farming envir-
onment is related to higher expression levels of innate
immunity genes and protects against asthma development
during childhood.?’ In an earlier study, long-term and
early-life exposure to stables and farm milk was associated
with the highest protective effect against asthma develop-
ment in children.*® In another study, farm-like indoor
microbiota in nonfarm homes also protected children
from asthma development.’

However, not all farming exposures protect against
asthma in children.?' Children with a larger relative envir-
onmental exposure to swine animal feeding operations had
increased asthma risk (OR 1.51).*° In young adults aged
16-26 years, asthma risk for those born and raised on
a farm was reduced (OR 0.50), whereas childhood expo-
sure to large-scale swine and dairy feeding operations
increased asthma risk (OR 3.37).*' Our finding is similar
to those of studies that consider childhood exposure to
farming as a protective factor against adult-onset asthma

under 50 years of age.'”!®

Interpretation of the Results

It has been proposed that the agricultural environment
offers a rich microbial environment that reduces aberrant
Th2 activation and reduces the risk of allergic asthma.'® 2’
Growing up on a farm leads to a lifelong protective effect
against allergic rhinitis.*? In contrast, our study indicates

that the protective effect on asthma might not be lifelong.
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On the other hand, farming offers exposure to environ-
mental factors, leading to repeated injury of the airway
epithelium that enhances mucosal permeability of foreign
substances and further leads to epithelial barrier fragility.*?
Thus, epithelial cytokines (eg, interleukin-25, interleukin-
33, and thymic stromal lymphopoietin) released upon sti-
mulation from environmental exposure can activate innate
lymphoid cells (ILC2s) in an allergen-independent man-
ner, leading to the development of nonallergic T2-high
asthma,***

ILCs are predominantly tissue-resident cells, and the
perinatal period is critical for the distribution of ILCs
within developing organs, especially ILC2s.*® It seems
that the ILC pool residing in a given tissue is the result
of waves of development from fetal to adult life (a phe-
nomenon termed layered ontogeny) and may include dif-
ferent ILC subsets.*” ILC plasticity has been demonstrated
in humans, and the change from ILC3s and ILC2s into
ILC1s requires inflammatory cytokines (eg, interleukin-15,
interleukin-23, interleukin-12, and interleukin-1b).** This
conversion is likely impacted by infections and other
cytokine microenvironmental changes, such as in
autoimmunity.*® Late-onset asthma is often considered to
be mainly T2-low asthma; activation of Thl and Th17
cells (type 1 and type 3 immunity, respectively) leads to
neutrophil activation, and both T2 and non-T2 inflamma-
tory pathways lead to airway remodeling.®'*

We hypothesize that in addition to microbial biodiver-
sity, the childhood farming environment presents early
harmful exposure to irritants that tease the epithelium
and lead to epithelial barrier fragility. Over time, possibly
the presence of cumulative exposure to various irritants
(eg, occupational exposure, smoking) leads to layered
ontogeny or ILC plasticity and generates an adult cell
pool composed of cells of different origins. Cumulative
exposure may lead to airway inflammation not mediated
by ILC2s and to the development of T2-low late-onset

asthma.

Strengths and Limitations

The strengths of the study were its large general popula-
tion-based random sample and use of a validated ques-
tionnaire. Asthma diagnoses are based on objective lung
function measurements and are reliable in Finland because
of reimbursement policies.”® The age at asthma diagnosis
corresponded with the asthma reimbursement data, in
which 24.7% had early-diagnosed asthma, 28.3% had
intermediate-diagnosed asthma, and 47.0% had late-

diagnosed asthma when an age distribution similar to
that in this study was applied.*’

As a limitation of the present study, recall bias con-
cerning the age at asthma diagnosis is possible, consider-
ing that the recall periods are long. However, the start date
of reimbursement is stated on reimbursement cards and is
similar to age at diagnosis, reducing the possibility of
recall bias. Furthermore, the age at asthma diagnosis
might differ from the age at asthma onset; a person can
have symptoms as a child but obtain a diagnosis later in
life. Nonetheless, a previous study showed that the self-
reported age at asthma onset in adults is accurate.”
Unfortunately in this kind of study, it is difficult to ascer-
tain the connection between the timing of asthma diagno-
sis and timing of factors occurring later in life (eg,
smoking, exposure to VGDF, and BMI), which may be
a source of bias.

Another limitation was the response rate of 52.3%.
Young age groups and males were underrepresented, and
in a similar Swedish cohort, nonresponders did not affect
prevalence estimates.”> However, the response rate among
those over 40 years of age was 61.7%. A methodological
weakness is that younger subjects are less likely to grow
up on a farm because of increasing urbanization. These
younger subjects cannot have late-onset asthma because of
their young age, which can introduce bias. Analyses in
a population aged over 40 years and over 60 years adjusted
for age were conducted to address this bias due to the
cross-sectional design. Even in these analyses, the child-
hood farming environment had higher odds of late-
diagnosed asthma. We performed sensitivity analyses to
reduce the potential bias of misdiagnosis by excluding
those with coexisting COPD or current farmers. In these
analyses, the childhood farming environment still pre-
sented higher odds for late-diagnosis asthma.

Additionally, we validated the main finding in a more
urban and heterogeneous Helsinki FinEsS survey. In
Helsinki 434 subjects had physician-diagnosed asthma,
and there were 415 responders for age at diagnosis. Of
those, 131 (31.6%) had early-diagnosed asthma, 184
(44.3%) had intermediate-diagnosed asthma, and 100
(24.1%) had late-diagnosed asthma. Of those with physi-
cian-diagnosed asthma with a known age at diagnosis, 184
(42.4%) in Western Finland and 47 (11.5%) in Helsinki
had childhood exposure to a farming environment.

Our study population in Western Finland is genetically
homogenous, but we cannot exclude genetic variations,
such as in Toll-like receptor 6.°° Because of selective
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migration, children do not receive protection against early-
onset asthma, because parents move away from the farm-
ing environment because of their asthma.’” Use of physi-
cian-diagnosed allergic rhinitis as a marker for allergies
has limitations, because the association between allergic
sensitization and rhinitis is strongest among the youngest
age groups.”®

Clinical Implications

Asthma protection resulting from exposure to the farming
environment might not be lifelong. A recent Finnish birth
cohort study showed that a childhood farm environment
protected from allergic sensitizations until middle age but
it did not protect from new allergic sensitizations as an
adult.”® One way forward could be a study boosting immu-
nity with farm-like microbiota in adults to see whether it
reduces asthma risk for non-T2 late-onset asthma, similar
to protection seen in early-onset asthma.*® Consideration
may be given to modifying adult immune and allergic
responses by re-exposure of adults to farm environments
without exposure to chemicals, gases, and fumes. Children
should be protected from harmful exposures but be
exposed to biodiversity, animals, and microbes for good
respiratory health. Further studies are needed on which
exact causative agents in the farming milieu are protective
or harmful. Our study shows that a childhood farming
environment is associated with late-diagnosed asthma,
and this should be assessed when evaluating an older
person for asthma.

Conclusion

We found that the asthma diagnosis age is essential for epide-
miologic studies. The difference in median age at diagnosis
was 17 years for those not exposed and exposed for childhood
farming environment, however the prevalence of asthma as an
adult was the similar in both groups. The childhood exposure
to farming environment protected against asthma before the
age of 40 years but had higher odds in late-onset asthma.
Further prospective epidemiological and genetic studies are
needed to resolve the risk factor heterogeneity among different
age groups at asthma diagnosis.
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