
Farm environment during infancy
and lung function at the age of 31:
a prospective birth cohort study
in Finland

Jussi Lampi,1,2 Heikki Koskela,3 Anna-Liisa Hartikainen,4

Adaikalavan Ramasamy,5,6,7 Alexessander Couto Alves,6

Marjo-Riitta Järvelin,6,8,9,10,11 Juha Pekkanen1,2

To cite: Lampi J, Koskela H,
Hartikainen A-L, et al. Farm
environment during infancy
and lung function at the age
of 31: a prospective birth
cohort study in Finland. BMJ
Open 2015;5:e007350.
doi:10.1136/bmjopen-2014-
007350

▸ Prepublication history for
this paper is available online.
To view these files please
visit the journal online
(http://dx.doi.org/10.1136/
bmjopen-2014-007350).

Received 2 December 2014
Revised 22 May 2015
Accepted 30 June 2015

For numbered affiliations see
end of article.

Correspondence to
Jussi Lampi;
jussi.lampi@thl.fi

ABSTRACT
Objectives: Farming as an occupation is considered a
risk factor for asthma and reduced lung function. By
contrast, living on a farm during infancy has been
reported to be associated with lower risk of asthma in
adulthood. However, little is known about the
association between farming environment during
infancy and lung function in adulthood. We aimed to
study the prospective longitudinal association between
farming environment during infancy and lung function
in adulthood.
Design: A prospective birth cohort study.
Setting: Northern Finland.
Participants: 5666 participants born in 1966 were
followed up at the age of 31 years.
Primary outcome measures: Spirometry at the age
of 31 years.
Results: To be born into a farmer’s family was
associated with higher forced expiratory volume in 1 s
(FEV1) (36 mL; 95% CI 6 to 67 mL) and forced vital
capacity (FVC) (40 mL; 95% CI 5 to 75 mL) at the age
of 31 years. Contact with farm animals during infancy
was associated with higher FEV1. No associations were
seen with FEV1/FVC (FEV1/FVC ratio). Having dogs in
childhood revealed similar associations. There was a
suggestive dose-dependent association with the
number of animal species during childhood and higher
FEV1 and FVC at adulthood, especially among women.
Conclusions: Farming environment in early life may
have a positive impact on lung function in adulthood.

INTRODUCTION
Farming environment during infancy, espe-
cially contact with farm animals, is associated
with decreased risk of asthma and allergic
diseases.1–3 Microbial exposure on a farm
during infancy may inhibit the development
of the allergic phenotype by influencing the
development of the immune system.1 On the
other hand, respiratory diseases such as
asthma, allergic rhinitis, organic dust syn-
drome and extrinsic allergic alveolitis are

well-known occupational health problems
among farmers.4 In a farming environment,
especially with farm animals, constant expos-
ure to dust (organic and inorganic), chemi-
cals (eg, pesticides and fertilisers), gases,
fumes and infectious agents,4 may irritate
and induce inflammation in the respiratory
system,5 6 lead to impairment of lung func-
tion7–12 and be a risk factor for respiratory
diseases, for example, asthma.4–6 Therefore,
living in a farm environment during infancy
may reduce the risk of asthma and allergic
diseases in adulthood, whereas exposure
during adulthood may be a risk factor for
respiratory diseases. There is a lack of longi-
tudinal studies on the effect of farming envir-
onment during infancy and lung function in
adulthood. The present prospective birth
cohort study, with detailed questionnaire
data regarding infancy and childhood envir-
onment, offered an excellent opportunity to

Strengths and limitations of this study

▪ The prospective nature of the study allowed ana-
lysis of longitudinal associations between
farming environment during infancy and lung
function at the age of 31 years without possible
recall bias.

▪ The information was comprehensive about the
factors in infancy that may affect lung function,
including birth weight and pregnancy
information.

▪ Although work and home-based exposure to
cold, dust, solvents and tobacco, as well as
occupation at the age of 31 years, were taken
into account, detailed post-childhood information
about farming exposures was lacking.

▪ Owing to lack of information about physical
activity during childhood, its effect on lung func-
tion at the age of 31 years cannot be estimated.
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investigate the effect of farming environment in infancy,
especially contact with farm animals, on lung function
measured by spirometry, at the age of 31 years.

METHODS
The Northern Finland Birth Cohort 1966 (NFBC1966)
is a prospective study of 12 058 live births from Oulu
and Lapland, the two northernmost provinces of
Finland, and covered 96% of the children born in that
region between 1 January and 31 December 1966. In
1997, 8463 survivors still living in northern Finland or in
the capital city area received a postal questionnaire and
invitation to clinical examinations. A detailed descrip-
tion of the number of participants and flow charts of
the 31-year follow-up study are shown on the study
website.13 The current analyses included those 5666 par-
ticipants who had complete spirometry data at the age
of 31 years and who were not pregnant. The participants
gave written informed consent.

Antenatal and childhood factors
Information about the farming environment, lifestyle
factors, maternal factors and sociodemographic factors
in infancy were collected from the mother during her
pregnancy and/or immediately after delivery.2 Parental
professional farming was defined if the participant’s
mother, father or both were classified as professional
farmers. Childhood information about having farm
animals (species and counts), place of residence, resi-
dential density, maternal education, maternal age,
maternal BMI, smoking during pregnancy from the
second month, mother’s age of menarche and parity
number, gestational age at birth, birth weight and height
were collected during pregnancy and/or immediately
after delivery. Residential density was defined as number
of participants in the household divided by number of
rooms in the household. Data obtained from hospital
discharge registry were used to identify patients with
pneumonia before the age of 7 years. Information about
smoking at the age of 14 years was collected, with ques-
tionnaires sent to participants and parents in 1980.

Assessment at the age of 31 years
During follow-up at the age of 31 years, participants
underwent a clinical examination, spirometry and skin
prick tests, and filled in a health questionnaire. Lung
function was assessed by forced vital capacity (FVC) and
forced expiratory volume in 1 s (FEV1) using a
Vitalograph P-model spirometer (Vitalograph Ltd,
Buckingham, UK) with a volumetric accuracy of 2% or
50 mL, whichever was greater. The spirometer was cali-
brated regularly using a 1 L precision syringe. The spiro-
metric manoeuvre was performed three times, but was
repeated if the difference between two maximal read-
ings for FEV1 or FVC was >4%. The highest FEV1 and
FVC were used. Those in the skin prick test with a mean
weal reaction ≥ 3 mm to one or more of the four

allergens tested were considered to be atopic.
Participants with a positive reaction to the negative
control or negative reaction to histamine (<3 mm) were
excluded. At 31-year follow-up, participants also filled in
questionnaires that included queries on health and life-
style factors, ownership of a cat or a dog before the age
of 7 years (retrospectively) and sociodemographic
factors.2 Doctor-diagnosed asthma ever at the age of
31 years was based on self-report.2

Statistical analyses
The final analyses included those 5666 participants who
had complete spirometry data and were not pregnant.
Multivariate linear models were used to analyse associa-
tions between farm environment, potential confounders
and lung function. We identified, a priori, the list of
potential confounders. At the age of 31 years, potential
confounders were height, weight, physical activity, educa-
tion, smoking, exposure to cold, dust, solvents and
tobacco smoke at work/or at home, paternal asthma,
maternal asthma, paternal allergy and maternal allergy.
Potential childhood confounders were height, weight
and gestational age at birth, residential density, pneumo-
nia before the age of 7 years and smoking at the age of
14 years. Potential maternal confounders were mother’s
menarcheal age, parity number, age, education and
smoking during pregnancy (after the second month of
pregnancy). For the final models, we included all vari-
ables that were associated with outcome at p<0.1 level
and changed the estimate for the gender-adjusted associ-
ation between farm animals during infancy and
outcome (FVC, FEV1) by more than 10%. Models for
FEV1 were adjusted for gender, along with height,
weight, smoking, education, exposure to solvents and
tobacco smoke at home, and physical activity, at the age
of 31 years; and smoking at the age of 14 years, birth
height and weight, maternal education, paternal asthma
and maternal age. Models for FVC were adjusted for
gender, height, weight, smoking, education, exposure to
solvents and tobacco smoke at home and physical activity
at the age of 31 years; and birth height and weight,
maternal education and residential density during
infancy. Models for FEV1/FVC were adjusted with con-
founders selected for models for both FEV1 and FVC.
Among included participants, the maximum percent-

age of missing data was 4.4% for diseases, 0.9% for farm
characteristics collected during the mother’s pregnancy,
4.6% for pet ownership collected at the 31-year follow-up,
and 2.9% for data on current occupation. For statistical
analyses, missing data for confounders were classified as a
separate category. The highest percentage of missing
information concerned allergic conditions of the father
(12.8%). All analyses were conducted with IBM SPSS.

RESULTS
Characteristics and overall prevalence of allergic and
respiratory diseases among study population at the age
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of 31 years are described in table 1. Having a parent
who was a professional farmer during one’s infancy was
significantly associated with increased FEV1 and FVC at
the age of 31 years (table 2). Furthermore, having
farm animals during one’s infancy was associated with
significantly increased FEV1 at the age of 31 years
(table 2). Having dogs in childhood revealed similar
associations (table 2). No associations were detected
with FEV1/FVC.
There was a suggestive association between the

number of animal species during childhood and increas-
ing lung function at the age of 31 years (table 2), espe-
cially among women (table 3). Further adjustment for
current farming occupation at the age of 31 years had
no impact on the size of the estimates of the observed
significant associations on table 2 (data not shown).
Although associations between farming environment
and higher lung function at the age of 31 years were
most evident among women, no significant gender inter-
actions (p<0.05) were observed. The smallest p value
was observed for the interaction between gender and
having cats in childhood (FVC, p=0.09), reaching almost
nominal statistical significance. Other p values for inter-
action between gender and having dogs during child-
hood, having farm animals, or family being involved in
professional farming during infancy ranged between
p=0.18 and 0.92.
To explore if the associations in table 2 are mediated

via the protective effect of childhood farm life on atopy
or asthma,2 the models were further adjusted for atopy

and asthma (table 4). Atopy and doctor-diagnosed
asthma reduced the size of the estimates in table 2 by
50% at the most. This suggests that although atopy and
asthma probably mediate the effect on improved lung
function, other pathways are also likely to be operational.

DISCUSSION
To the best of our knowledge, this is the first prospective
birth cohort study on the association between a farming
environment during infancy and lung function in adult-
hood. The results suggest that a farming environment
during infancy is associated with higher FEV1 and FVC
at the age of 31 years. No associations with FEV1/FVC
were observed. Our findings suggest that farming envir-
onment in early life may have a positive impact on lung
function in adulthood.
Respiratory diseases are well-known occupational

health problem among farmers.4 Lowered lung function
has been reported among farmers in occupational set-
tings,7 8 and especially among those working with farm
animals, in longitudinal studies.9 10 Furthermore,
Eduard et al reported reduced FEV1 among livestock
farmers compared to crop farmers, however, with no
association with FVC.11 Environmental exposure to
animal houses has also been reported to be associated
with decreased FEV1.

12 On the other hand, Omland
et al14 reported that there were no associations between
occupational farming and lung function, with similar
findings being described between dairy farmers and con-
trols, in a longitudinal study.15 The effect of an early
farm life environment on lung function is less clear.
Merchant et al16 reported that children born on farms
had higher FVC compared with children not born on a
farm. However, most studies have reported that living on
a farm in childhood has no effect on lung function on
childhood17 18 or adulthood.19 There is lack of prospect-
ive longitudinal studies on the matter.
By contrast, numerous reports have been published

over the past decade concerning the association
between farming environment during infancy and
decreased risk of allergic diseases and asthma.1–3 It has
been hypothesised that high microbial exposure in a
farming environment may affect development of the
immune system during childhood and promote non-
allergic phenotypes.1 Some studies have reported that
high microbial exposure, such as exposure to bacterial
endotoxin (the Gram-negative bacterial cell wall compo-
nent), may affect the development of the immune
system20 21 and lead to reduced risk of asthma in child-
hood.1 20 22 On the other hand, high exposure to endo-
toxin may also irritate the airways, and be a source of
airway inflammation and obstruction not only in the
occupational setting,6 but also during infancy when
exposure to endotoxin may be a risk factor for wheez-
ing.22 So, microbial exposure during infancy may
promote development of non-allergic phenotype and
decreased risk of allergic diseases and asthma,1 but it

Table 1 Characteristics of the study population at the age

of 31 years, stratified by parental professional farming

during infancy

Parental professional farming

during infancy

No Yes

n Mean n Mean

FVC (L) 4367 4.75 1299 4.73

FVC (% predicted) 4367 96.5 1299 97.4*

FEV1 (L) 4367 3.97 1299 3.97

FEV1 (% predicted) 4367 96.7 1299 97.7*

FEV1/FVC (%) 4367 84.0 1299 84.3

Height (cm) 4367 171.5 1299 170.7*

Weight (kg) 4367 72.8 1299 72.9

n Per cent n Per cent

Female 2178 49.9 672 51.7

Current smoking 1350 30.9 327 25.2*

High school graduate 1785 40.9 369 28.4*

Atopy† 1395 33.5 254 20.4*

DD asthma† 364 8.5 94 7.3

Atopy: Participants with a weal reaction ≥ 3 mm to one or more of
the four allergens tested were considered to be atopic.
*p Value<0.05.
†DD asthma n=5586; atopy n=5416.
DD, doctor-diagnosed ever; FEV1, forced expiratory volume in 1 s;
FVC, forced vital capacity.
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may also be a risk factor for occupational asthma, and
other occupational respiratory diseases such as organic
dust syndrome and chronic bronchitis.4

In the present study, farming environment during
infancy was associated with higher FEV1 and FVC but
not with FEV1/FVC. These spirometric findings suggest
that a non-farming environment is associated with lower
lung volumes, not airflow limitation. This is an unex-
pected finding, since farming environment is mainly
associated with obstructive disorders. However, as our
lung function measurements consisted of FEV1 and
FVC, the type of lung function impairment cannot be
definitely identified. One potential mechanism for the
present findings suggesting lower lung volumes in a non-
farming population may be obstruction in small airways
caused by patchy collapse in early exhalation. In such a
case, FEV1 and FVC are decreased and FEV1/FVC is
normal.23 However, the possible contribution of airway
obstruction on the suspected restrictive-type impairment
would require a bronchodilator test. Confirmation of a
true restrictive abnormality would require total lung cap-
acity measurement either with a body plethysmograph
or using gas dilution methods.24

We have previously shown, in this cohort, that an early
farming environment is associated with reduced risk of
atopic sensitisation, asthma and atopic diseases at the age
of 31 years.2 These associations are, therefore, potential

explanations for the present observations. However, in
additional analyses, when we further adjusted for atopy
and doctor-diagnosed asthma, the size of the estimates
for the association between early childhood farming
environment and current lung function were reduced by
50% at the most. This suggests that although atopy and
asthma probably mediate the effects on improved lung
function, other pathways are also likely to be operational.
These results imply that an early farming environment
may improve lung function, however, not simply by pre-
venting development of atopy and asthma.
Differences in physical activity could also explain the

observed differences in lung function. Physical activity is
shown to be associated with higher lung function, mea-
sured with FEV1 in adulthood, in men and women of all
ages.25 In the present study, analyses were adjusted for
current, but not for childhood, physical activity. It is pos-
sible that children living on farms have a higher level of
physical activity, as they may participate in physically
demanding tasks on farms, as compared with their peers
living in non-farming environments. Unfortunately,
there is lack of information about levels of physical activ-
ity during childhood and, therefore, the effect of child-
hood physical activity on lung function at the age of
31 years cannot be estimated.
As the differences in the participant’s current26 or

birth weight, as previously shown in this same setting,27

Table 2 Associations between farming environment during infancy and lung function at the age of 31 years

Farm-related factors during infancy N

FEV1 difference (mL) FVC difference (mL)

Crude Adj 95% CI Crude Adj 95% CI

Parental professional farming

No 4367 0 0 0 0

Yes 1299 44 36 (6 to 67) 42 40 (5 to 75)

Family had farm animals

No 3930 0 0 0 0

Yes 1692 39 32 (3 to 61) 14 11 (−22 to 43)

Family had dogs*

No 2478 0 0 0 0

Yes 2995 34 36 (10 to 61) 37 37 (8 to 67)

Family had cats*

No 2767 0 0 0 0

Yes 2640 18 15 (−11 to 41) 16 14 (−16 to 44)

Number of animal species†

0 1476 0 0 0 0

1 1539 39 39 (6 to 73) 41 41 (2 to 79)

2 1046 53 56 (18 to 94) 32 30 (−14 to 74)

3 663 67 65 (20 to 109) 54 51 (0 to 103)

4 or more 485 55 44 (−6 to 94) 48 43 (−14 to 100)

Number of cows

0 3970 0 0 0 0

1–4 878 36 31 (−6 to 67) 17 12 (−30 to 53)

5 or more 767 46 35 (−3 to 73) 18 16 (−27 to 59)

Crude: adjusted for gender and height at the age of 31 years.
Adj: multivariate model, for more detailed information see Methods section.
*Before the age of 7 years.
†Includes cows, pigs, sheep, poultry, minks, cats and dogs.
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.
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would offer a simple explanation for current findings,
we adjusted all the models with both current and birth
weight. We also ran the models adjusting for body mass
index, instead of weight, at the age of 31 years, but the
results were unchanged. Therefore, the associations
between a farming environment during infancy and
lung function in adulthood are unlikely to be explained
by obesity.
Overall, there may be gender differences in respiratory

responses to different environmental exposures. In a

recent meta-analysis, a higher risk of asthma was
observed among women exposed to organic and inor-
ganic dusts as compared with men. By contrast, exposure
to organic dust was associated with lower lung function
in men compared with women.28 In the present study,
the associations were mainly observed among women,
but this difference between genders did not quite reach
nominal statistical significance. These gender differences
may be due to differences in biology or in exposure pat-
terns.29 In Finland, women and girls have traditionally

Table 3 Associations between farming environment during infancy and lung function at the age of 31 years, stratified by

gender

Farm-related

factors during infancy

Women Men

N

FEV1

difference (mL)

FVC

difference (mL)

N

FEV1

difference (mL)

FVC

difference (mL)

Adj (95% CI) Adj (95% CI) Adj (95% CI) Adj (95% CI)

Parental professional farming

No 2178 0 0 2189 0 0

Yes 672 38 (2 to 75) 37 (−4 to 78) 627 31 (−19 to 82) 44 (−12 to 100)

Family had farm animals

No 1970 0 0 1960 0 0

Yes 858 49 (15 to 83) 26 (−12 to 65) 834 11 (−36 to 58) −6 (−58 to 47)

Family had dogs*

No 1248 0 0 1230 0 0

Yes 1513 41 (10 to 71) 48 (12 to 83) 1482 29 (−12 to 70) 24 (−23 to 71)

Family had cats*

No 1340 0 0 1427 0 0

Yes 1403 32 (2 to 63) 40 (5 to 75) 1237 0 (−42 to 42) −10 (−57 to 38)

Number of animal species†

0 730 0 0 746 0 0

1 770 42 (2 to 82) 47 (1 to 94) 769 33 (−20 to 87) 29 (−32 to 91)

2 535 65 (20 to 110) 63 (10 to 115) 511 41 (−21 to 102) −13 (−83 to 58)

3 351 93 (40 to 146) 78 (18 to 139) 312 22 (−51 to 96) 17 (−67 to 101)

4 or more 265 63 (5 to 122) 73 (7 to 140) 220 34 (−49 to 117) 22 (−73 to 117)

Number of cows

0 1987 0 0 1983 0 0

1–4 441 50 (6 to 95) 16 (−33 to 66) 437 8 (−51 to 67) 9 (−57 to 75)

5 or more 397 50 (7 to 93) 37 (−14 to 88) 370 15 (−47 to 77) −7 (−77 to 63)

Adj: multivariate model, for more detailed information see Methods section.
*Before the age of 7 years.
†Includes cows, pigs, sheep, poultry, minks, cats and dogs.
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.

Table 4 To explore if the statistically significant associations in table 2 are mediated via the protective effect of childhood

farming on atopy and asthma, the models were further adjusted for atopy and asthma

Farm-related factors during infancy

FEV1 difference (mL) FVC difference (mL)

Adj Adj+A* Adj+A*+DDA Adj Adj+A* Adj+A*+DDA

Parental professional farming 36 27 22 40 36 31

Family had farm animals 32 23 16 11 6 −1
Family had dogs† 36 33 30 37 36 33

Adj: multivariate model, for more detailed information see Methods section.
A: also adjusted for atopy at the age of 31 years.
DDA: also adjusted for doctor-diagnosed asthma ever at the age of 31 years.
*Participants with a weal reaction ≥3 mm to one or more of the four allergens tested were considered to be atopic.
†Before the age of 7 years.
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.
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taken care of cattle and other animals, which may partly
explain these findings, and also underscores the import-
ance of animal contact during childhood.
As the present study was prospective by nature, we

were able to analyse associations between farming envir-
onment during infancy and lung function at the age of
31 years without possible recall bias. Because the present
study lacked detailed information on farm environment
after infancy, it was not possibly to conduct detailed
assessments of the effect of farm environment at differ-
ent time points. However, in the analysis, we have been
able to take work-based and home-based exposure to
cold, dust, solvents and tobacco smoke at the age of
31 years into account, as well as current farming occupa-
tion. Selection among participants not participating in
the 31-year follow-up might also misrepresent the
observed associations, since almost 50% of participants
attended follow-up, and no drop-out analyses were per-
formed. Furthermore, even in our prospective cohort
study, possible healthy worker effect is always a concern.
There was no suggestion of healthy worker effect in
adulthood as there was no change in the observed asso-
ciations after adjustment for current farming occupation
at the age of 31 years. However, it is possible that some
parents of the present study subjects have avoided
working in a farm environment due to respiratory pro-
blems, which could lead to differences in the genetic
predisposition between those living and those not living
on a farm in infancy. However, this was less likely in
northern Finland in 1966 than it is today. In addition, in
the statistical analyses, parental history of allergies and
asthma was adjusted for. Therefore, we consider healthy
worker effect an unlikely explanation for the present
findings.

CONCLUSIONS
In conclusion, exposure to farming environment during
infancy was associated with higher FVC and FEV1, but
not FEV1/FVC, at the age of 31 years. This suggests that
farming environment in early life may have a positive
impact on lung function in adulthood, but this needs to
be confirmed in future studies.
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