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Asthma is a chronic respiratory disease that has been on the
rise around the world in the past century (1). One environ-
mental factor for which particularly strong associations with
asthma are described in the literature is exposure to a farm-
ing environment in childhood. An early report noted a
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Abstract

Asthma is a chronic respiratory disorder that has become substantially more
common over the past decades. One environmental factor for which particularly
strong associations with asthma and allergic diseases have been described is exposure
to farming environments in childhood. The aim of this systematic review was to
update and extend existing narrative reviews, test for heterogeneity of effect across
studies, and conduct a meta-analysis to report a summary effect measure. Published
relevant literature was searched through PubMed including all articles added to Pub-
Med before September 1, 2011. Articles were included if they reported an epidemio-
logical study on the exposure to a farming environment in childhood and subsequent
wheeze or asthma. Heterogeneity of effect measures across studies was evaluated
using Cochran’s Q and /. Random-effects meta-analysis was performed to summa-
rize effect measures for various outcome definitions. In total, 357 retrieved abstracts
revealed 52 original articles from 39 studies with data considered for the meta-
analysis. Most studies were conducted among children or on childhood onset of
disease. Most data were published on doctor-diagnosed asthma or current wheeze.
The meta-analysis showed substantial heterogeneity across studies with similar out-
come definitions. Nonetheless, the combined effects were statistically significant and
showed an approximate 25% lower asthma prevalence among exposed subjects com-
pared with unexposed subjects. The protective ‘farm-effect’ on asthma was reported
in numerous studies. Its underlying factors ought to be studied, and promising
efforts have been already made. However, the heterogeneity of the effect across stud-
ies should also be investigated because whatever causes it is a potential threat to
valid synthesis of evidence and to the detection of specific protective factors.

significant negative correlation between living on a farm and
prevalence of allergic rhinitis among Swedish conscripts (2).
Ten years later, Braun-Fahrldnder et al. (3) investigated the
effect size of living on a farm with childhood asthma and
allergic disease. Since then, this so called ‘farm-effect’ has

4-H club, A youth organization. The name represents four personal development areas of focus for the organization: head, heart, hands, and
health; 95% Cl, 95% confidence interval; ALEX, Allergy and Endotoxin Study; E3N, Etude Epidémiologique des Femmes de la Mutuelle
Générale de I'Education Nationale; ECRHS, European Community Respiratory Health Survey; GABRIELA, The GABRIEL Advanced Surveys.
GABRIEL is the name of the larger project and is not an acronym; ICD, International Classification of Diseases; IR, incidence risk ratio;
ISAAC, International study of Asthma and Allergies in Childhood; min, minimum; max, maximum; NLSCY, Canadian National Longitudinal
Survey of Children and Youth; OR, odds ratio; PARSIFAL, Prevention of Allergy Risk factors for Sensitization In children related to Farming
and Anthroposophic Lifestyle; PECOS, Prairie Ecosystem Study; PR, prevalence ratio; Q1, first quartile; Q3, third quartile; RR, incidence rate
ratio; SCARPOL, Swiss Study on Childhood Allergy and Respiratory symptoms with Respect to Air Pollution.
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been extensively reported for atopy, allergic disease, and
asthma (4). The majority of studies have addressed childhood
asthma but there are some studies among adults or on adult
onset of disease as well (4).

An editorial to three of the earlier publications on the pro-
tective effect of exposure to farming environments on asthma
mentioned that the protective effect on asthma was less
consistent than that for hay fever (5). This notion has been
picked up in various publications thereafter (6-12).

The ‘farm-effect” on atopic eczema and allergic rhinitis but
not asthma was addressed by a systematic review and meta-
analysis of the literature up to 2007 (13). The authors
described that there was significant heterogeneity between
studies. Nonetheless, the authors conclude that ‘farm living
had a substantial protective influence on the development of
allergic stigmata’ (13). For asthma, a systematic review of the
literature up to 2004 was published as a side note in an origi-
nal article (14). Here, a test for heterogeneity across studies
was not statistically significant (14). Both systematic reviews
lack detail about the included studies and investigation of
publication bias, and the one on asthma does not give infor-
mation about the search terms used.

Although several authors comprehensively reviewed the
evidence for the ‘farm-effect” on asthma (4, 6, 15), to date, no
sufficient systematic review with meta-analysis has been pub-
lished on this matter. Furthermore, the claim of inconsistency
has not been explored in detail using a meta-analytical approach.

This systematic review aims to update and extend the
existing narrative reviews and the one systematic review on
the ‘farm-effect’ on asthma. Objectives are to assemble evi-
dence from epidemiological studies on the ‘farm-effect’” on
wheeze and asthma, test for heterogeneity of effect across
studies, and conduct a meta-analysis to report a summary
effect measure.

Methods
Search strategy

The search of publications from epidemiological studies was
conducted on September 1, 2011, using PubMed (of the US
National Library of Medicine, http://www.ncbi.nlm.nih.gov/
pubmed) which comprises citations from MEDLINE, life sci-
ence journals, and online books. The search term was ‘(farming
OR farm) AND (asthma OR wheeze) AND (Humans[Mesh])’
the latter term indicating the setting of limits to human studies
in PubMed. No time period or other restrictions (e.g., language,
age of subjects) were made. No lower limit was set for the time
period of publication or entry into PubMed. The earliest publi-
cation dated back to September 1969.

A second search was conducted also on September 1,
2011, with the modification that the limit to human studies
with the last MeSH Term omitted to allow for articles that
were not yet assigned MeSH terms by PubMed. Only articles
added to PubMed in 2010 and 2011 were searched by adding
‘AND 2010:2011/08/31[edat]’. Non-human
excluded based on the abstract and not counted as search
hits.

studies were
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Reference lists of all publications containing relevant con-
tent including reviews, editorials, commentaries, or letters
were compared with the already retrieved hits. References
that had not yet been evaluated were hand-searched and fed
into the evaluation process.

Inclusion and exclusion

All retrieved abstracts were read, and a given publication was
deemed relevant if the abstract gave any indication that
asthma or asthma symptoms such as wheeze may have been
studied with regard to childhood farm exposure in rural
populations. Childhood was operationalized as the period of
life from birth to the 18th birthday. Review articles, editori-
als, commentaries, or letters were categorized as relevant if
the abstract indicated that they contained text on asthma or
asthma symptoms as well as farm exposure. Full text of all
relevant publications was again evaluated for relevant content
or references with potentially relevant content.

Publications that described only adult or occupational
exposure to farming were excluded. Farming students were
regarded as occupationally exposed, even if they were below
18 yr of age.

Original articles that did not describe data on wheeze or
asthma in relation to exposure to farming in childhood were
excluded.

Of the remainder, only original articles in which exposure
to farming in childhood was operationalized in at least one
of the following ways were included in the meta-analysis:
® Acquiring data on whether the study participant lives or
lived on a farm or in a farming environment in childhood
(regardless of the specified period of childhood).
® Acquiring data on whether the paternal or maternal occu-
pation is farming.

Other original articles that operationalized exposure to
farming in childhood in a different way (e.g., exposure during
pregnancy, exposure to livestock, and keeping livestock) or
other publications (e.g., reviews) were not included in the
meta-analysis.

Data extraction

Information on the study design and setting, age of the
participants, the exposure and outcome definitions, modeled
confounders, and point estimates together with 95% confi-
dence intervals (95% CI) or p-values as well as the type of
point estimate (odds ratio [OR], prevalence ratio, incidence
risk ratio, incidence rate ratio) were extracted. Further infor-
mation that was regarded as relevant was collected.

For publications for which no measure of association was
published, crude odds ratios were recalculated from published
numbers or published numbers in combination with pub-
lished prevalences if possible. All measures of association
were extracted together with their 95% CI with a precision of
two decimals.

If multivariate models contained other, more specific indi-
cators of farm exposure (e.g., exposure to livestock and regu-
lar stay in barns), the adjusted estimates were not extracted

© 2012 John Wiley & Sons A/S



Genuneit

because the effect of the broader proxy for farm exposure
will in general be attenuated and no longer comparable with
other studies.

Data analysis

To obtain the standard error of the log(OR) for meta-analysis,
the standard error was recalculated from the lower and the
upper limit of the 95% CI, and the arithmetic mean of both
estimates was used. The displayed confidence intervals are
based on the recalculated standard error and may deviate
from published confidence intervals.

The extracted data were categorized to be from a ‘childhood
study’ if it was assessed either among children or among adults
but on childhood onset of disease. Studies among adults with
either no indication for onset of disease or adult onset of dis-
ease were classified as ‘adulthood studies’.

In case of multiple publications of the same study, the
publications were checked for consistency with regard to the
same or similar associations. If there were multiple publica-
tions of the same association from one study, one was
selected for meta-analysis based on the higher methodological
quality (see Data Sl).

To assess evidence of publication bias, funnel plots were
drawn, and Egger’s test for small-study effects (pggger) Was per-
formed (16, 17). For this, all adjusted point estimates (regard-
less of methodological issues or definition of exposure and
outcome) were included. If there was only a crude estimate for
an association, this was included. This means that multiple
estimates from a single publication and also multiple publica-
tions per study are included. Estimates for different outcomes
were labeled with different symbols in the funnel plots.

Combined effect measures and measures of heterogeneity
between studies were derived by random-effects meta-analysis
using the ‘Dersimonian—Laird” method. The p-value from the
chi-squared test for heterogeneity (pne) and the value for I
and its 95% confidence interval were calculated (18). I
describes the percentage of total variation across studies,
which is owing to heterogeneity rather than chance (18). Het-
erogeneity was explored with regard to methodological issues,
exposure and disease definitions, and average birth cohort of
the study population.

Statistical analyses were performed, and forest plots were
created with SAS 9.2 (The SAS Institute, Cary, NC, USA).
Funnel plots and Egger’s test for small-study effects were cre-
ated with STATA SE 10.1 (StataCorp LP, College Station,
TX, USA).

Results

The evaluation process is depicted in Fig. 1. In total, 357
abstracts were retrieved in the literature search. The first
search yielded 341 abstracts, and the second search yielded
16 additional abstracts on human studies. Eight of those 16
contained relevant full text. Details on reasons for inclusion
and exclusion are given in the Data S1.

Criteria for the meta-analysis were fulfilled by 51 full texts
describing results from 39 studies (Table 1). The studies are
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numbered by their appearance in PubMed except one article
not indexed in PubMed, which is placed at the end of the list
(study #39). Details on these studies’ design, study popula-
tion, methodological quality, as well as exposure and disease
assessment are given in the Data S1.

Most studies were cross-sectional or performed cross-
sectional analyses reporting ORs. Table 2 displays how many
studies gave information on childhood and adulthood disease
and how often certain exposure and disease indicators were
used. Furthermore, the range of exposure and disease
prevalence is described. Prevalence of exposure to farming
environments in childhood covered a very broad range across
the studies from about 5% to 85%. For all outcomes but
wheeze ever, the median disease prevalence was below 15%.
Although there were some studies that reported extremely
high prevalences of over 30%, most studies reported preva-
lences below 20%.

Definitions of asthma and wheeze varied across studies
(see Data S1). Common instruments to assess wheeze or
asthma were the questionnaires from the International Study
of Asthma and Allergy in Childhood (ISAAC) and the
European Community Respiratory Health Survey (ECRHS)
(19-22). The definitions employed by the studies were classi-
fied as into ‘current wheeze’, ‘wheeze ever’, ‘doctor diagnosed
asthma’, and ‘asthma ever’ as defined in the Data S1. Data
on wheeze in the past 12 months (termed ‘current wheeze’)
and doctor-diagnosed asthma were reported by many studies,
followed by asthma ever and wheeze ever.

Inclusion of all relevant point estimates from all studies
resulted in the funnel plot shown in Fig. 2. Funnel plots after
stratification into childhood and adulthood studies are
depicted in the Data S1. The funnel plot gave some evidence
of asymmetry, particularly with more effect estimates from
small studies that were strongly protective rather than show-
ing strong positive associations. The p-value from Egger’s
test was p = 0.001 for all studies and childhood studies only.
For adulthood studies, it was p = 0.793. Exclusion of studies
that were regarded to have methodological issues did not
change the plots or test results substantially. Further exclu-
sion of crude estimates also made no difference (data not
shown). Virtually, all studies calculated ORs but the standard
errors did not correlate with disease prevalence, suggesting
no influence of the choice of effect measure in combination
with the disease prevalence (data not shown).

The initial meta-analyses were stratified into childhood
and adulthood studies and carried out per asthma indicator
(current wheeze, doctor-diagnosed asthma, asthma ever, and
wheeze ever). All studies were included regardless of method-
ological issues or control for confounding. The meta-analysis
was grouped by exposure definition (farm residence, parental
occupation, combination of both). The result is depicted in
Figs 3 and 4 for childhood studies on doctor-diagnosed
asthma and current wheeze, respectively. The number of
studies for the other indicators and the adult studies was low,
and forest plots are given in the Data S1.

There was substantial heterogeneity with an I* of up to
76% within exposure groups and across all studies for all
disease indicators that were investigated by more than five
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Literature search

357 abstracts

Excluded 211

non-relevant

Excluded 1 Danish publication
1 Japanese publication

144
full texts
o (. N
3 pubhcatlor}s Included Excluded 16 publlce}tlons investigatingl
referenced in occupational exposure orl
included full texts exposed only
Excluded 20 publications without data
on wheeze or asthma
J
111
full texts

44 narrative reviews,

editorials, letters,
commentaries

Figure 1 Flow chart of the literature search and the evaluation process.

studies. Some of these groups had lower estimates of * than
others but if so tended to be comprised of less studies with
only one or two larger studies dominating the group. Exclu-
sion of studies with methodological issues or restriction to
studies with adjusted estimates or highly comparable disease
definitions did not alter the results substantially (data not
shown). Furthermore, sorting the studies by average birth
cohort of the study population did not reveal a clear trend of
effect estimates across birth cohorts (data not shown). When
the childhood studies were restricted to methodologically
sound studies conducted in and around the Alps in Europe,
heterogeneity decreased (studies #4, 11.1, 22.1, 36.1-36.4 for
doctor-diagnosed asthma with P 52% and studies #1, 4,
22.1, 36.1-36.4 for current wheeze with I? 0%).

For doctor-diagnosed asthma and current wheeze, the
combined estimate around 0.75 indicates a 25% reduction of
odds of disease for children exposed to farming environments
compared with the unexposed. Because the prevalence of
asthma and wheeze was below 20% in the majority of studies,
this translates into an approximately 25% lower prevalence of
childhood disease among those exposed to farming in child-
hood compared with the unexposed. However, the substantial
amount of heterogeneity between studies has to be recognized.

52 original articles
from 39 studies used
in the meta-analysis

15 original articles
without results suitablel
for the meta-analysis

For adult studies, there was less heterogeneity between
studies for doctor-diagnosed asthma but a similarly sized
effect. The other outcomes were investigated only by a few
childhood or adulthood studies. For all but asthma ever
among childhood studies, there was a protective combined
effect of exposure to farming in childhood; however, this was
mostly driven by few larger studies.

Discussion

This systematic review identified a large body of evidence
that had earlier been reviewed in a narrative way (4, 6, 8, 11,
12, 15, 23, 24). However, it extends beyond earlier reviews
because it includes a number of additional articles (most of
them only recently published), because a more rigorous
assessment of the studies’ methods was employed, and
because meta-analyses were performed. The meta-analyses
produced statistically significant summary estimates which
suggest that the prevalence of asthma and wheeze may be
approximately 25% lower among subjects exposed to farming
environments in childhood compared with unexposed
subjects. There was also substantial heterogeneity across
studies with between study variance accounting for up to
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Table 1 Details of studies included in the meta-analyses

Farm exposure and asthma: a meta-analysis

No. Ref. Study region Sample size* Age (ynt Birth cohortf
1 3 Switzerland 1620 6-15 1984
2.1 45 Finland 10,667 18-24 1974
3 25 Austria 2001 8-11 1987
4 46 Germany 9835 5-7 1991
5 47 Canada 9082; 1199 12-19 1984
6 48 Canada 393 <18 1986
7 26 Switzerland 1287 15 1976
8.2 49 Finland 5509 31 1966
9.1,9.2 50 Australia 473; 963 7-12 1987
10 27 Sweden 707 7-8 1989
11.1,11.2 42, 51 Austria, Germany, 812 6-13 1989
Switzerland

12.1 52 Europe 6251 20-44 1959
12.2 53 France 600 31-59 1955
13 54 Finland 7981 13-14 1991
14 43 New Zealand 293 7-10 1993
15.1-15.3 55 Sweden 1,316,985 17 1957, 1967, 1977
16 56 USA 3090 6-14 1990
17 57 Vietnam 2641 5-13 1992
18 58 USA 4247 4-16 1993
19 59 Finland 710 6-13 1991
20 60 USA 644 1-17 1987
21 61 USA 13,490 14-17 1985
221 9 Europe 8263 5-13 1992
23 14 UK 4767, 879 5-11 1992
24 30 USA 309 5-11 1998
25 62 Greece 797 7-18 1988
26 63 Canada 1158 7-19 1988
27 64 The Netherlands 1798 27-64 1955
28 65 Germany 1595 18-44 1972
29 66 Canada 13,624 0-11 1988
30.1 67 New Zealand 5616 28-70 1958
30.2 68 New Zealand 1899 5-17 1996
31 28 Austria 33,808 6-10 1997
32 69 Canada 477, 212 5-9 1993
33 70 USA 25,814 20-88 1941
34.1,34.2 71 The Netherlands 877 18-65 1964
35 29 Sweden 1261 16-20 1990
36.1-36.5 72-75 Europe 103,219 6-12 1997
37.1,37.2 76 France 54,018 40-65 1937
38.1 77 Denmark 999 16-26 1972
38.2 78 Denmark 122 cases, 116 controls 16-26 1972
39 79 Canada 1704 5-11 1985

*Sample size of the study population that underlies the estimates used in the meta-analysis. Sometimes estimates were from different

subpopulations indicated by multiple sample sizes.

tAge at baseline for cohort studies. Age ranges were approximated for some studies. More details in Data S1.
Mean birth cohort of the study population approximated from the mean age and study period (or year of publication if study period was

unknown).

76% of the total variance. This is in stark contrast to hetero-
geneity across studies on the ‘farm-effect’” on childhood
atopy. Based on the data displayed in a recent review (4), the
corresponding estimate is only 12% (95% CI 0-52%;
calculations not shown). The heterogeneity of reports on
the ‘farm-effect’” on asthma was only partly explained by

© 2012 John Wiley & Sons A/S

methodologically questionable estimates, control for con-
founding, or heterogeneous exposure and disease definitions.
A limitation is that the search was only performed in Pub-
Med. However, effort was made to prevent location bias by
employing a broad search term without language restriction,
circumventing the use of MeSH terms, and evaluating
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Table 2 Frequency of reports and distribution of reported exposure and disease prevalence among the studies considered in the meta-

analysis*
Total (n = 39) Childhood studies (n = 29) Adulthood studies (n = 10)
n Median (min; max) n Median (min; max) n Median (min; max)
Exposure indicators
Living on a farm 19 28.6 (6.0; 83.9) 13 28.6 (14.1; 83.9) 8 42.5 (6.0; 60.9)
Parental occupation 12 19.2 (3.4; 85.6) Il 19.1 (3.4; 85.6) 2 22.9(22.9; 22.9)
Combination 6 13.7 (11.1; 36.7) 6 13.7 (11.1; 36.7) 1 12,1 (12.1;12.1)
Disease indicators
Wheeze in the past 12 months 25 13.9 (4.3; 33.2) 22 14.2 (4.3; 33.2) 5 13.7 (10.5; 23.4)
Wheeze ever 5 30.9 (16.6; 32.4) 5 30.9 (16.6; 32.4) 0
Asthma ever 10 10.2 (3.5; 33.4) 8 8.8 (3.5; 33.4) 3 12.9 (11.1; 14.7)
Doctor-diagnosed asthma 29 8.7 (0.9; 18.7) 22 10.2 (1.6; 18.7) 9 4.7 (0.9; 9.5)

*The median, minimum, and maximum prevalence of exposure or disease from contributing studies is given in %. Studies can report on
more than one item within onset, exposure, or disease. Study #30 reported on children and their parents and assessed living on farm in
childhood for the parents whereas for the children the exposure was defined by parental occupation.

0.2

0.4

Standard error of beta
0.6

0.8

exp(beta), log scale

e Asthma ever Current wheeze
m  Doctor diagnosed asthma 4 Wheeze ever
————— Lower and upper 95% confidence limit
Pooled effect

Figure 2 Funnel plot of estimates from publications included in the
meta-analysis, labeled according to the outcome definition.

references from retrieved articles, in particular from numer-
ous review articles, commentaries, and editorials by experts
in the field.

The relevant publications contained in the majority more
than one relevant point estimate. Furthermore, multiple pub-
lications per study occurred. However, multiple publication
bias is unlikely to affect the meta-analysis because a substan-
tial number of studies, also smaller studies, with just one
publication were retrieved.

To assess publication bias, a funnel plot was drawn that
included all point estimates on all relevant outcomes from all
publications, regardless from which publication they were
derived. The reasoning was that this would resemble the
whole published body of evidence which should be tested for
publication bias. Egger’s test suggested that there were small
studies showing strong effects. Furthermore, the funnel plot
gave some evidence of asymmetry, particularly with regard to
five strongly protective associations from five small studies
(25-29) and just one strong positive association from
another small study (30). However, the latter was subject to

methodological issues and of the five small studies with
strong protective effects two provided crude estimates (31,
32) and another was on a very strict outcome definition (28).
It seems unlikely that the combined effect and the heterogeneity
detected in the meta-analysis are fully owing to publication bias.

Fifteen publications reported on the association of expo-
sure to farming in childhood with wheeze or asthma but were
not included in the meta-analysis (details in the Data S1).
They were assumed to be incomparable with studies which
use a broader proxy for farm exposure or avoid inclusion of
urban populations. Another reason was that non-significant
findings were quoted in the text without reporting of effect
estimates. This may provide some evidence of publication
bias. However, increased risk of asthma as well as inverse or
null associations were quoted in these articles which makes a
strong influence on the results of the meta-analysis unlikely.

The exposure definitions were broad proxies for exposure
to farming environments in childhood and associations with
specific farm exposures such as exposure to livestock have
been explicitly excluded. Evidence from various studies
pointed toward the contact with livestock and possibly asso-
ciated fodder and to the consumption of unpasteurized cow’s
milk. This is not reviewed here because it is covered exten-
sively in previous reviews (4, 11, 15). As the studies included
in this meta-analysis vary with regard to the farming environ-
ments investigated albeit being conducted among rural popu-
lations, a different distribution of the factors that truly
underlie the ‘farm-effect’ across studies could be the reason
for the detected heterogeneity. Furthermore, the composition
of the unexposed subjects may play a role as the exposure
contrast varied across studies.

It has been argued that the farms in regions close to or in
the Alps in Switzerland, Austria, and Germany may show
particularly protective effects because they are small in scale
and traditional farms with just livestock, in particular cattle,
and because the children living there are in very close contact
to the farm life (4). When the meta-analysis was restricted to
childhood studies conducted in these areas, the heterogeneity

© 2012 John Wiley & Sons A/S
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Random effect

Farm exposure and asthma: a meta-analysis

Group Overall
weight weight
% %

Study no.  Details 95% CI ES (95% Cl) 1% (95% CI)
3 cd I — 10.83 2.94 0.64 (0.43; 0.96)

5 - 9.60 231 0.71 (0.44; 1.16)

9.1 c — T 10.90 297 1.12 (0.75; 1.67)

9.2 c - = 11.40 3.29 0.65 (0.45; 0.93)

11.1 - 6.94 1.34 0.30 (0.15; 0.60)

16 e 12.66 4.23 0.80 (0.61; 1.05)

20 m, ¢ 7.74 1.59 1.30 (0.69; 2.44)

24 m > 243 0.35 3.99 (0.91;17.55)

26 8.14 1.73 0.49 (0.27; 0.89)

34.2 m, ¢ 7.25 1.43 0.49 (0.25; 0.96)

39 c N B — 12.11 3.78 1.22 (0.89; 1.67)

Group 1 ‘farm residence’ combined (95% CI) T ——— 100.00 0.77 (0.60; 0.99) 68 (40; 83)
6 c 1.38 1.04 0.93 (0.41;2.11)

10 d - 0.70 0.55 0.26 (0.08; 0.83)

13 —_— 6.76 3.55 1.01 (0.72; 1.41)

15.1 d —- 27.23 6.72 1.00 (0.93; 1.07)

15.2 d — 27.36 6.72 0.94 (0.88; 1.01)

15.3 d —a— 2717 6.71 0.85 (0.79; 0.91)

17 e e 6.81 3.57 1.17 (0.84;1.63)

19 21 1.49 0.73 (0.38; 1.41)

31 - 0.47 0.38 0.22 (0.05; 0.92)

Group 2 ‘parental occupation’ combined (95% Cl) —— 100.00 0.93 (0.84; 1.02) 63 (23; 82)
4 2.63 2.14 0.65 (0.39; 1.09)

21 —— 13.25 5.42 0.78 (0.65; 0.94)

221 e — 11.00 5.03 0.74 (0.60; 0.92)

36.1 —_— 6.46 3.87 0.53 (0.39;0.72)

36.2 — 12.87 5.36 0.74 (0.61;0.89)

36.3 — 16.05 5.80 0.64 (0.55; 0.75)

36.4 — 13.00 5.38 0.80 (0.66; 0.96)

36.5 —— 16.17 5.82 0.71 (0.61;0.83)

37.1 R 8.56 4.49 0.54 (0.42;0.70)
Group 3 ‘combination’ combined (95% Cl) - 100.00 0.69 (0.64;0.76) 35 (0; 70)
Overall combined (95% Cl) —— 100.00 0.77 (0.71; 0.85) 76 (66; 83)

r 1
0.20 0.45 1.00 2.24 5.00

Figure 3 Forest plot for the association between farm exposure in childhood and doctor-diagnosed asthma from childhood studies. The ran-
dom-effects meta-analysis is grouped by different exposure definitions (farm residence, parental occupation, combination of both). Combined
estimates are per group and overall. Within group weights and overall weights are displayed. The symbols of the effect estimates of each
study are scaled according to the overall weight. Study #: the study number provided in Table 1; details: m = methodological issues (detailed
in Data S1), ¢ = crude estimate, d = differing disease definition from the categorization described in the Data S1; ES: effect size; P: measure

of heterogeneity, given in %.

for current wheeze decreased. However, these meta-analyses
were dominated by the large GABIELA study. Nonetheless,
this may lend further support to the notion of heterogeneity
owing to specific farm environments.

The described studies also varied in their control of con-
founding. For some studies, only crude associations were
available. Age, gender, and familial allergies were controlled
for in most studies that published adjusted associations. The
number of siblings was accounted for by some. For the 1966
Finnish birth cohort (study #8), there was evidence from the
two included publications that inclusion of additional covari-
ates into a multivariate model may have a large effect on the
observed association. Residual confounding or ‘overadjust-
ment” may apply to any published association and distort the
conclusion from this meta-analysis.

Most of the studies were cross-sectional and retrospectively
assessed exposure to farming in childhood. However, the
place of upbringing as well as the father’s or mother’s occu-
pation is likely to be recalled correctly. Furthermore, dis-
torted responses owing to, for example, social desirability or
attribution to development of asthma are unlikely. Thus,
with regard to exposure, information bias cannot substan-
tially influence the detected associations.

One study (#5) used ISAAC questions in the full
study population and French ECRHS questions in an

© 2012 John Wiley & Sons A/S

exposure-stratified random subsample. Interestingly, 12.7%
among the exposed reported current wheeze in the ISAAC
questionnaire, while 17.1% did when questioned with the
ECRHS questionnaire. This increase can only be explained
by selection bias, if all of the approximately 20% who were
not assessed in the subsample were non-wheezers or had lost
their wheeze. This seems unlikely and shows that different
instruments will produce different disease prevalence esti-
mates which may influence the detection of an association
between exposure and disease. This may be especially true if
different languages have to be used (36).

A lot of studies published on doctor-diagnosed asthma,
most often self-reported but sometimes assessed from routine
data sources. There are reports that diagnostic labeling dif-
fers across doctors and that a diagnostic label is often given
with delay after onset of disease or possibly not at all (37,
38). However, heterogeneity may not only arise from varying
diagnostic labeling and symptom expression and perception.
There may be sub-phenotypes of wheeze and asthma that are
particularly affected by the ‘farm-effect’. Two childhood
studies reported on stratification by atopy and did not see a
different ‘farm-effect’ on atopics and non-atopics; however,
the study populations were possibly too small to detect inter-
action (42, 43). Conversely, the ‘farm-effect” on childhood
wheeze was confined to non-atopic subjects after stratification
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in the large GABRIELA study (44). Apart from this strong
interaction, this study was the first to show a ‘farm-effect’ on
transient early wheeze (44). Ege et al. (10) compared atopic
and non-atopic children with doctor-diagnosed asthma, sepa-
rately, to all non-asthmatics regardless of atopy. They found
some evidence for specific farm exposures that only pertain
to atopic or non-atopic subjects. However, this approach
may lead to spurious associations because of the atopic
subjects within the non-asthmatic reference group. In general,
‘farm-effects’ on sub-phenotypes may drive the associations
with asthma — depending on the prevalence of the sub-pheno-
types and strength of effects — which may also increase heter-
ogeneity across studies.

Further work should be invested to summarize the evi-
dence for the ‘farm-effect’ on atopy and allergic diseases.
Sub-phenotypes, such as asthma among atopic and non-
atopic subjects, separately, or childhood wheeze phenotypes
need to be investigated more carefully and full information
on reference groups should always be provided. The under-
standing of the published studies’ settings and the correlation
of published indicators for disease needs to be enhanced to
reveal potential sources of heterogeneity.

The underlying causes in this complex environment should
be unraveled because they may advance understanding of the
disease and provide suggestions for cure or prevention.

Genuneit

Nonetheless, the sources of heterogeneity across studies
deserve attention because they may shed light on important
bias or confounding which may — if unrecognized — lead to
an endless search for the needle in the haystack.
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Online Supplement to “Exposure to farming environments in childhood and asthma and

wheeze in rural populations: a systematic review with meta-analysis.”

Methods

Search strategy

The search was conducted in PubMed with the term “(farming OR farm) AND
(asthma OR wheeze) AND (Humans[Mesh])”, the latter term indicating the setting of limits to
human studies. The search term was automatically translated by PubMed into the fuller
“(farming[All Fields] OR farm[All Fields]) AND (("asthma"[MeSH Terms] OR "asthma"[All
Fields]) OR ("respiratory sounds"[MeSH Terms] OR ("respiratory"[All Fields] AND
"sounds"[All Fields]) OR "respiratory sounds"[All Fields] OR "wheeze"[All Fields])) AND

"humans"[MeSH Terms]”.

Inclusion and exclusion

In total, 211 (59%) were classified non-relevant. One article retrieved in the first
search was non-relevant because it described an animal study although PubMed limits had
been set to human studies. The most prevalent reason for non-relevance was
adult/occupational exposure (55.0%) followed by other non-relevant exposures (rural vs.
urban, endotoxin, or others; 26.1%) and other disease than asthma or wheeze (10.4%).
Articles could be non-relevant for multiple reasons.

One article was published in Japanese(1) and one in Danish(2), both with an English
abstract. These two abstracts could not strictly be classified as non-relevant but were judged

likely to be. Both journals were not electronically available and the author refrained from
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ordering a paper copy due to the likely non-relevant content and the lack of quick and low
cost options for translation into English or German. Both articles were excluded.

For the remaining 144 (40%) relevant abstracts full text was obtained and evaluated.
Most publications were in English, some in German, and one in Spanish. One article(3) lead
to a publication(4) not indexed in PubMed which contained relevant content on the same
study and was included. Another two articles indexed in PubMed were referenced in several
publications and also included.(5; 6)

Sixteen publications solely described data from occupationally exposed subjects or
exposed subjects only without an unexposed comparison group.(3; 7-21) Twenty original
articles did not contain original data on the relation of farming exposure in childhood with
wheeze or asthma.(22-41) There were in total 44 narrative reviews, editorials, or
commentaries/letters, all of which did not uncover any new references.(42—-85)

In 15 original articles, either exposure was defined differently from the criteria for
exposure to farming environments in childhood or relevant associations were only commented
on but no estimates were provided.(6; 86—99) Two were reports of ecologic investigations of
the association.(86; 88) The first was conducted in Germany and found more doctor visits for
childhood asthma in a region with very high livestock density (and concentrated animal
farming operations) compared to regions with average livestock density.(86) The second
investigated several aggregate exposure proxies in North Carolina, USA, and found an inverse
relation to regional asthma prevalence.(88)

Some studies reported increased risk of asthma by contact to farm animals or other
specific farm exposures. Data from the Children’s Health Study in California, USA, indicated
that early exposure to farm animals may increase risk of asthma although statistical
significance was only reached when crop or dust exposure was included in the exposure
definition.(87) Exposure of the pregnant mother to farm animals was also significantly

associated with an increased risk of asthma in Mexico City.(89) Similarly, contact to farm
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animals during pregnancy and in early life increased the odds of allergic asthma without
reaching statistical significance in a Finnish/Russian study.(93) In a Canadian study specific
farm exposures including haying, harvesting, and feeding livestock were also positively
associated with asthma but only emptying or filling to grain bins reached statistical
significance.(94) The authors state in the abstract that “the prevalence of asthma did not differ
by home location (farm/non-farm)”.

But also null or inverse associations were reported. A study on childhood asthma in
Spain found a protective effect of contact with farm animals in the first year of life on atopy
and the authors stated in the text: “These protective factors for sensitisation were not
protective for asthma, rhinitis or eczema (data not shown).”(97) In a follow-up of a
breastfeeding intervention trial in Belarus, contact with farm animals was significantly
inversely related to current wheeze.(95) Likewise, a Chilean study found strongly reduced
odds of childhood asthma among those with regular contact with farm animals.(98) Radon et
al report data on adults living in Northern Germany who had regular visits to animal buildings
in childhood.(6) They found an effect on nasal allergies but the picture was much less clear
for atopic and non-atopic asthma symptoms which were investigated with non-asthmatics as
the reference. The only significant protective effect was for atopic asthma symptoms with
exposure in the fourth to sixth year of life.

A study from Mongolia found a protective but not significant ‘farm-effect’ on asthma
among a rural population compared to an urban population and argued, that virtually all
subjects in the rural region are exposed to animal husbandry from early life on.(90) Similarly,
a study conducted in China, reported significantly reduced prevalence of wheeze and asthma
comparing rural to urban children.(96) Almost all rural children had reported to have lived on
a farm at some point in life, but this association was not displayed and also confounding was
not corrected for. Furthermore, exposure to livestock farming was positively associated with

current wheeze.
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A study among Greek schoolchildren assessed whether parents were employed in
farming and reported “no association between full-time, part-time or any occupation with
farming and diagnosed asthma, wheezing, hay fever, eczema or allergic sensitization” without
giving effect estimates.(91) For a study of candidate genes for asthma among Danish farming
students, the authors noted “Potential confounders (being born and raised on a farm, smoking,
and case—control status) had ORs close to one in multiple logistic regression models...”
without giving detailed estimates.(92) Also, in a report on a study in Helsinki, Finland,
authors reported that “Incidence of allergic rhinoconjunctivitis was significantly lower among
those who had lived in the countryside or on a farm during the first 5 years of life compared to
those who had not..., while this was not true for asthma.” without giving an effect

estimate.(99)

Data extraction

For all retrieved abstracts information was collected on relevance and in case of non-
relevance the reason (categorized into adult/occupational exposure, animal study,
experimental study, case study, study on other disease than asthma, pharmacologic study,
other exposure than exposure to farming). For relevant abstracts information from full text
was collected. In case of non-relevance based on the content of the full text the reason was
documented (adult/occupational exposure, non-exposed not assessed, or no data on wheeze or

asthma).

Study design

Most studies were cross-sectional or performed cross-sectional analyses reporting

odds ratios.
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There were two birth cohort studies. For the 1966 Finnish birth cohort study (study #8)
it was unclear at what time point exposure was assessed but disease was assessed at age 31 as
lifetime prevalence and so estimates from this study were judged to be comparable to other
studies and were included. Another birth cohort study in Tyrol, Austria (study #31), seems to
have investigated associations with cumulative incidence of hospitalizations for atopic asthma
among children aged six years or older using logistic regression. This estimate was included
in the meta-analysis.

One prospective cohort study (study #29) reported on cumulative incidence of doctor
diagnosed asthma over a 2-year period, another study (#32) published on cumulative
incidence of wheeze using longitudinal analyses of two repeat surveys 3 years apart. A third
prospective cohort study (#38) investigated the incidence rate of asthma using a case-control
study with incidence density sampling. These three studies were not included in the meta-
analysis because the period of incidence assessment did not match any periods of
(retrospectively assessed) lifetime prevalence from the other studies.

Two studies (numbers 10 and 15) reported prevalence ratios whereas the others
reported odds ratios. The prevalence ratios were included along with the odds ratios without
any correction or transformation. The highest outcome prevalence from both studies was 12%
and so the prevalence ratios are assumed to be very similar to the odds ratios, had they been
calculated.

Some studies employed a complex survey design, mostly a disproportionate exposure
stratified random sampling, but not all appropriately accounted for the design in the analyses.
Depending on the relation between the stratification variable, the exposure, and the outcome
this will introduce confounding. For some studies, only crude estimates were available. Some
studies used reference categories that were judged to be different from most other studies. For
all these studies, the originally reported estimates of association are primarily included in the

meta-analysis and, if warranted, subsequently excluded.
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Exposure and outcome: definitions and prevalences

Definitions of asthma and wheeze varied across studies. Common instruments to

assess wheeze or asthma were the questionnaires from the International Study of Asthma and

Allergy in Childhood (ISAAC) and the European Community Respiratory Health Survey

(ECRHS).(100-103) The definitions employed by the studies were classified as into “current

wheeze

bh 13
2

wheeze ever”, “doctor diagnosed asthma”, and “asthma ever” as follows and

described in table E1.2:

wheeze ever: a positive answer to the ISAAC question “Has your child ever had
wheezing or whistling in the chest at any time in the past?” or a similarly worded
question

current wheeze: a positive answer to the ISAAC question “Has your child had
wheezing or whistling in the chest in the last 12 months?”, the ECRHS question
“Have you had wheezing or whistling in your chest at any time in the last 12
months?”, or similarly worded questions

asthma ever: a positive answer to the ISAAC question “Has your child ever had
asthma?” or a similarly worded question

doctor diagnosed asthma: a positive response to the ISAAC question “Did a
doctor ever diagnose any of the following diseases in your child? (a) asthma; (b)
asthmatic, spastic or obstructive bronchitis” allowing for combinations of (a) and
(b) or similarly worded questions

current asthma (ECRHS): a positive response to either “Have you had an attack of
asthma in the last 12 months?” or “Are you currently taking any medicine

(including inhalers, aerosols or tablets) for asthma?”

Some studies used combinations of these indicators such as asthma diagnosis plus

current wheeze or other indicators including lung function, bronchial provocation, or tests of
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atopic sensitization. If the combination contained an indication that a doctor had diagnosed
asthma, this was counted as doctor diagnosed asthma. The same is true for studies that
ascertained asthma diagnosis from hospital charts, routine data sources, or by conducting a
clinical examination (e.g. including lung function). If the combination of items restricted the
diseased to a certain subpopulation that was not reflected by the majority of studies (e.g. all
subjects with wheeze among those not diagnosed with asthma (study #2.1)) associations with
this item were not included in the meta-analyses.

Three studies reported age ranges spanning over the arbitrary cut-off for childhood of
18 years. For one study almost all participants were below 18 years of age and this study was
counted as a study on childhood onset of disease. Conversely, for the other two studies over
half of the subjects were 18 years of age or older and these were counted as studies on
adulthood disease. Three studies reported on both, childhood and adulthood disease in the
same or separate publications.(104—107) For the other studies among adults, data on age at

onset of disease was not published.

Multiple publications or stratification of associations

There were 11 studies (numbers 2, 8, 9, 11, 12, 15, 22, 30, 34, 36, and 38) with
multiple publications of the same or very similar associations which are discussed in the
following.

For the study of Finnish university students (study #2), there were two
publications.(108; 109) The first(108) described the full study population while the
second(109) described data on a small subset of participants in only one study region that was
invited for in-depth clinical assessment (spirometry and skin prick tests). The second
employed a much stricter definition of asthma diagnosis as an outcome, including a
specialist’s interview and spirometry. Furthermore, the exposure reference was broadened to

include subjects from an urban area. The second publication quotes an adjusted OR of
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0.22 (0.07;0.70) for the strict asthma definition while the first publication gives an adjusted
OR of 0.70 (0.46;1.06) for doctor diagnosed asthma. The latter was harmonizing more with
other reported studies in terms of exposure and disease definition and was used in the meta-
analysis.

For the 1966 Finnish birth cohort (study #8) two publications were available.(110;
111) The first(110) employed more restrictions on the study population (available data for
length of gestation, birth weight, and asthma) while both restricted to subjects with data on
atopy. This led to an approximately 10% smaller sample size for the first publication. The
exposure (paternal/parental occupation) and disease definition (doctor diagnosed asthma)
were described in a similar way, but the second publication included additional confounders
(residential density, place of residence, maternal BMI, maternal education, birth height
[instead of birth weight], mother’s age of menarche). The adjusted OR from the first
publication is 0.71 (0.53;0.95); the adjusted OR from the second is 0.96 (0.72;1.29). The first
publication was primarily on effects of gestational age while the second was focused on
exposure to farming in childhood, thus only the second was included.

A study in New South Wales (study #9) reported associations stratified by study
region.(112) Each of the two study regions is included as a separate study in the meta-
analyses.

For the ALEX study (Study #11), three publications were included.(113—115) Only
the first(113) gave adjusted estimates for doctor diagnosed asthma which are used in the
meta-analyses. The other two allowed only calculation of crude estimates for doctor
diagnosed asthma and current wheeze from published numbers. The crude OR for current
wheeze were similar from both (0.53 (0.29;0.97) for #11.2 and 0.56 (0.30;1.05) for #11.3).
Since the third publication(115) was only on a subpopulation who contributed DNA, the

crude OR from the second publication(114) was used in the meta-analyses.
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Two publications from the ECRHS are counted to be from one study (study #12).(116;
117) However, the first publication(116) is on combined data from 13 centres in 5 countries
from the cross-sectional ECRHS 1.(102; 103) The second publication(117) is only on two
French centres and reports data from ECRHS II, a follow-up of ECRHS I participants.(118)
The two French centres are supposedly included in the first publication although names of the
13 centres were not detailed. So, the reported associations are not strictly independent. They
are, however, included in the meta-analysis as separate studies because they report on
different outcomes and the first only offers crude while the second published adjusted
estimates.

A study among Swedish conscripts (study #15) published associations stratified for the
birth cohorts 1952-61, 1962-71, and 1972-81. The resulting associations are included as three
separate studies.

There were four relevant publications of the PARSFIAL study (study #22).(119-122)
The first publication(119) reports a combined adjusted OR for doctor diagnosed asthma from
the five centres (0.74 (0.60;0.92)) and points out heterogeneous disease prevalence across
centres. The second publication(120) reports a significantly different crude OR for doctor
diagnosed asthma for Germany (0.45 (0.32;0.64)) compared to the combined crude OR from
the remaining centres (0.92 (0.72;1.17), which is not heterogeneous across the four
contributing centres). Both publications used the same study population and exposure and
disease definitions. In the third publication(121) additional covariates were modeled
(breastfeeding, BMI, food avoidance) without an effect on previously reported associations.
The fourth publication(122) was on a subsample that provided DNA and reported a crude OR
of 0.50 (0.36;0.70) for doctor diagnosed asthma in contrast to the crude OR of
0.70 (0.58;0.85) for the same association from the first publication. The associations reported

in the first publication are primarily used in the meta-analysis.
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For a study conducted on the North Island of New Zealand among families
(study #30), a first publication(104) describes data for the parents only while a second
publication(105) describes data for the children only. These publications were included as
separate studies in the meta-analysis.

A study among agricultural workers in The Netherlands (study #34) reported on doctor
diagnosed asthma stratified by age at onset in one publication.(106) The same was done by
the E3N study (study #37).(107) The resulting associations were included as separate studies
(one as a childhood study the other as an adulthood study) in the meta-analyses.

The GABRIEL Advanced Surveys (GABRIELA, study #36) have been published in
four publications.(123—-126) The estimates used in the meta-analysis are unpublished data
from one publication (authored by the author of the present meta-analysis).(126) GABRIELA
consists of five study regions and these regions were included as separate studies in the meta-
analyses although only the associations for current wheeze differed across regions whereas
the associations for doctor diagnosed asthma did not.

There were three publications for a cohort study among Danish farming students
(study #38). The first was retrieved via checked references and reported estimates from
baseline(5) and the second reported data on asthma incidence from the follow-up.(127) Both
were considered for the meta-analysis. The third investigated genetic associations and only
commented in the text that “Potential confounders (being born and raised on a farm, smoking,
and case—control status) had ORs close to one in multiple logistic regression models...”

without giving detailed estimates.(92)
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Overview of the publications that contained data relevant for the meta-analysis

The studies are sorted according to the appearance of their first publication in PubMed
that was relevant for the meta-analyses. An exception is study #39 which is not indexed in
Pubmed and appended at the end of the table. In fact, it was one of the first ones published.
Within a study, the publications are sorted according to their appearance in PubMed.

Table E1.1 gives detail on the study design, methodological issues, and sample size.
Each study is assigned a number (#) and multiple publications within studies are enumerated
with the first decimal. For each publication the appropriate reference is indicated (ref.).
Table E1.2 shows the age of the participants in years, the exposure definition and its
prevalence (% exposed) as well as the disease definitions and their prevalence (% diseased)
and the confounders accounted for in multivariate models. The age is sometimes given as a
range from minimum to maximum, sometimes as mean+SD, and sometimes as both.

Where appropriate, text was copied from the publications to avoid confusion by
changing the wording. To keep the table legible, no double quotes were used in these
instances. However, the appropriate reference is indicated for each row of the table. Squared
brackets indicate comments to the original authors’ description by the author of this work.

Shaded areas for studies with multiple publications indicate that there was no
information other than that denoted in the row before. For non-shaded empty cells no

information was available or had to be given.
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Table E1.1: Detail on study design, methodological issues and sample size of the studies relevant for the meta-analyses

# ref. study design details methodological issues sample size®
1 (128) | SCARPOL multi-centre  cross-sectional | data reported on 3 rural (Grabs, | unclear which subgroups of the | N=1,620; restricted to Swiss
surveys conducted in Nov- | Langnau, Payerne) out of 10 | surveys were compared to justify | nationals; participation rates
Mar 1992/93 and repeated in | surveyed Swiss communities, data | pooling (full, rural, full 1st and | close to or above 80% except 6-7
1995/96 among children not | from both surveys pooled; pooling | children in 2nd but not Ist, stratified | year olds from Payerne
in the 1st survey based on no systematic | by age); but associations are
differences in prevalence rates of | adjusted by age and the issue is
respiratory and allergic symptoms | regarded minor;
or in atopic sensitization rates
between the two surveys;
2.1 | (108) | Finnish cross-sectional survey among | data on full sample N=10,667; participation rate
university all Finnish first-year 75.1%
students university students in winter
1995/96,

2.2 | (109) data on disproportionate disease | weighted approaches to account for | n=296 (participation rates 78%
(asthma and/or wheeze) stratified | the  stratified  sampling  for | among diseased, 66% among
random  sample  (frequency | prevalences; authors state: | non-diseased)
matched for gender) in Turku to | “Weighting by sampling did not
investigate SPT and LUFU in | change the results of risk factor
winter 1996/1997 analyses.”

3 (129) | Salzburg, cross-sectional survey in the | All school children from the overall N=2,283; overall

Austria county of Salzburg, Austria | district Lungnau (district with the participation rate 95.4%; study
in Jan-May 1997. highest proportion of farmers) and population restricted to Austrian
17 schools with reasonable size nationals (n=2,001)
from the other five districts of the
county; Most of the county is
rural area with a high proportion
of farmers. Farms are usually
small and run by the members of
the family and only occasionally
by farm workers. Ninety percent
of Austrian farmers have livestock
or poultry.
4 (130) | rural Bavaria, | cross-sectional study in rural overall  N=10,163; overall

Germany

Bavaria (Niederbayern,

participation rate 76.2%; study




Oberpfalz), Germany, among
all children attending
obligatory school entry health
examinations from Feb-Aug
1997

population restricted to Austrian
nationals (n=9,835)

(131) | Quebec, Canada | cross-sectional survey among | farm environment and ISAAC | ISAAC (language unclear) and | full cohort N=9,082
school children of 14 | questionnaire assessed in full | French ECRHS  questionnaires | (participation  rate  93.1%);
secondary schools in rural | cohort; disproportionate exposure | produce  dissimilar  prevalence | exposure stratified subsample
areas surrounding Quebec | stratified subsample (all exposed | estimates; frequency matching was | n=1,199  (participation  rate
City and half the number of | insufficient after drop-out and | 75.2%)

unexposed) frequency matched | gender had still to be corrected for in
for school class and gender to | regression models

assess ECHRS based

questionnaire  and  objective

outcomes (SPT, AHR, n=1,594

invited)

“the principal industry is farming,

primarily dairy farming,

cattle  raising, and swine

confinement”

(132) cross-sectional survey in a | crude odds ratios for children | no adjustments for household | 549 households (participation
rural agricultural area (3 | were recalculated from | clustering were made; this issue is | rate 43.6%); within those: n=393
small towns and 3 | prevalences; odds ratios for adults | regarded minor because the estimate | children (<=17 yrs), n=1014
surrounding rural | were not included because for | is statistically non-significant and | adults
municipalities) in | them no data on exposure to | accounting for clustering is likely to
Saskatchewan, Canada in | farming in childhood was | increase the standard error not
Nov 1995 published substantially (not many subjects per

cluster in this study).

(133) consecutive yearly surveys no correction for siblings (family | N=1,287  (participation  rate

among school children in clustering) or year of assessment | 98.5%)

their 8th year, 1983-1999

(asthma prevalence ranges from
1.6% to 16.1%); only 3 exposed
children had asthma, so not enough
sample size for meaningful
adjustment; these issues are regarded
major because family clustering may
largely affect variance estimation
and uncertainty is very large;

(110)

birth cohort study of live

coverage at baseline 96%; data on

unclear when exposure was

at baseline N=12,058; in 1997




birth cohort

births in 1966 in Oulu and
Lapland, Finland; analyses
are possibly cross-sectional

asthma retrospectively assessed in
self-reported questionnaires in
1997

assessed, if it was also
retrospectively assessed at age 31
this would be a cross-sectional
study;

n=6,025 participants (71.1% of
invited); study population
restricted to subjects with data on
length of gestation, birth weight,
atopy and asthma (n=5,192).

82 | (111) after restriction by valid skin
prick test n=5,509 participants in
1997
9.1 | (112) | New South | cross-sectional survey in | data published stratified: Moree n=1,436 (participation rate 67%);
Wales, primary schools of two rural | (high prevalence of crop farming n=473 (Moree)
Australia Australian towns (Moree and | (83.9% wheat, 46.2% cotton,
Wagga Wagga, New South | 9.1% livestock), 29.6% living on
Wales) in summer 1997, a farm)
9.2 | (112) Wagga Wagga (lower prevalence n=963 (Wagga Wagga)
of crop farming (50.9% wheat,
1.9% cotton, 26.1% livestock),
15.4% living on a farm)
10 (134) | Gotland, cross-sectional study (termed | 35% of the Gotland population | the authors call their study birth | overall N=805 (participation rate
Sweden closed birth-cohort study) of | are involved in farming; 85% of | cohort study and wuse Mantel- | 94.2%); study population was
all children born on Gotland, | farms keep livestock or poultry Haenszel methods to compute | restricted to n=707 who were
Sweden, in 1989 assessed by adjusted risk ratios; all data was | born on Gotland and lived on the
questionnaire in Dec 1996- assessed in the same questionnaire | island for their first year of life
Mar 1997; among children born in the same | and who had no inconsistent
year; birth registry information was | farm exposure (current but not
only used to restrict the study | previously in life)
population; data are cross-sectional,
estimates are prevalence ratios
11.1 | (113) | ALEX cross-sectional multi-centre | n=1406 gave consent for further | exposure stratified sampling was not | overall N=2,618 assessed with
survey in Austria, Germany, | blood and dust sampling; | corrected for in the multivariate | questionnaire (participation rate
and Switzerland in Mar-Jul | disproportionate exposure | models; the issue is regarded minor | 74.7%), study population
1999 stratified random subsample were | because the exposure definition for | restricted to n=812 nationals of
invited (n=901); the analyses matches the one for | the respective study country
sampling; participating in the subsample
11.2 | (114)
11.3 | (115) n=668 after restriction to
participants ~ who contributed
DNA (only Austria and
Germany)
12.1 | (116) | ECRHS cross-sectional multi-centre | simple random sampling of | Test for heterogeneity of the | n=6,251 (median response rate to




two-stage survey conducted
between 1988? and 1994?;

second stage; additional
symptomatic sample not used for
this publication; combined data

association between farm exposure
in childhood and the risk of allergic
disorders in adulthood did not show

the postal questionnaire was
78.1%; median response rate to
Stage Il was 64.9%.)

from 13 centres from 5 countries | any evidence for heterogeneity
(in which farming was assessed) between countries.
[unclear which 13 centres, the five
countries have in total 17 centres]
12.2 | (117) | French ECRHS | cross-sectional survey of unclear how information from | n=600 (participation rate not
I ECRHS I participants in Paris ECRHS 1 was taken into account; | detailed and cannot be deducted)
and Grenoble (France) in study population likely to be already
1999 and 2001 included in ECRHS I estimate; this
issue is regarded minor because the
studies report on different outcomes.
13 (135) | ISAAC cross-sectional multi-centre | The fieldwork in the Helsinki area n=7,981 (response rates in all
(Finland) survey in Helsinki area, | was partially conducted in spring regions >95%)
Turku and Pori county, | during the pollen season,
Kuopio county, and Lapland | significantly affecting the 12-mo
county in 1994-1995 symptom prevalence of allergic
rhinitis. Therefore, the Helsinki
area was excluded from the
present study in order to avoid
reporting bias.
14 (136) | Dannevirke, cross-sectional survey among | timing unclear, published in 2002 | “The low overall response rate of | n=293 (participation rate 59.3%)
New Zealand school children 60% was due to poor response rates
(<50%) in two schools from low
socioeconomic areas with
predominantly nonfarm children.
Thus selection bias cannot be
excluded as an explanation for the
positive associations we found for
current farm abode with symptoms
and disease.”;
This is regarded major because only
crude estimates could be used due to
the inclusion of specific farm
exposures in the multivariate model;
15 (137) | Swedish survey of Swedish conscripts | data summarized from 1952-61, n=1,316,985
conscripts (males) from the birth cohorts | 1962-71, 1972-81; data on disease

1952-1981; data on exposure

and on exposure were assessed




and disease at age 17
assessed from routine data
sources

from the routine data documented
nearest in time together making
the analyses cross-sectional

16 (138) | Iowa, USA cross-sectional survey among | approx. 12,000 subjects living in n=3,090 (participation  rate
rural Iowa school children | each county within 9 cities in 86.6%)
(Keokuk  county, Louisa | Lousia and 12 cities in Keokuk
county) in Jan-Feb 2000, | county (Wikipedia)
Oct-Nov 2000, and Mar-
Jun2001
17 (139) | Dong Anbh, | cross-sectional study in Apr | “predominantly agrarian n=2,641  (participation  rate
Vietnam 2001 of school children from | community with a growing 65.5%)
Dong Anh (Vietnam) industrial sector and a well-
developed infrastructure including
municipal treated water and
sewage system”
18 (140) | Wisconsin, cross-sectional survey among | the study area has a maximum | very low participation rate; unclear | n=4,481 (participation  rate
USA rural school children in Jun- | town size of 25,000 inhabitants asthma definition, dissimilar | 12.8%), study population
Oct 2003 wording used throughout the | n=4,247 after exclusion of
manuscript; the participation is | invalid responses
regarded a minor issue because the
authors argue convincingly against
substantial bias;

19 (141) | Kuopio, Finland | cross-sectional survey with | exposure definition for sampling | exposure definition seems to overlap | full stratified random sample
exposure stratified random | was paternal occupation (farmer), | 100% with sampling definition, thus | n=1,521; after restriction to
sampling among  school | possibly from the population | no weights for associations needed; | children whose mother lived at
children in mainly rural areas | registry; the same address and random
around Kuopio selection of 1 child per family

n=924 were invited; study
population n=710 (participation
rate 76.8%)

20 (142) | Keokuk County | cross-sectional survey of a | children >=8 years of age were | stratified sampling was not corrected | n=644 children out of n=1,004

Rural Health

Study

rural population (Keokuk
county, Iowa, USA)
conducted 1994-1998 using
stratified random sampling of
households in farm, rural
non-farm, and town locations
(the largest town has less
than 2,500 inhabitants).

invited for clinical examination;
household clusters were corrected
for; additional estimates for
currently living on a farm yes vs
no are available

for in the published data and own
calculations; this issue is regarded
major because although the exposure
definition for analyses is likely to
overlap strongly with the definition
used in sampling the direction of the
bias cannot be predicted;

households




21 (143) | Minnesota, longitudinal study of rural n=13,490 (participation rate
USA Minnesota ~ (USA)  high 89.1%)
school students grade 9-11;
only data from the initial
survey Jun—Aug 2001 were
used
22.1 | (119) | PARSIFAL cross sectional study in | In Switzerland and Sweden only a | no weights for the stratified random | overall N=15,137 (participation
Austria, Germany, the | random sample of non-farm | sampling available rate 69.1%), after exclusion of
Netherlands, Sweden and | children was included. In Austria, children outside age limits and
Switzerland in Mar 2001-Jul | sampling was performed by without information on sex and
2002 using disproportionate | school teachers; the study has an of the anthroposophic component
exposure stratified random | anthroposophic component (also n=2,823 farm children and
sampling in two countries exposed vs. unexposed) that is not n=5,440 non-farm  children
reported here remained
22.2 | (120)
22.3 | (121)
22.4 | (122) possible selection bias for those who | n=1,307 farm children and
contributed DNA n=654 non-farm children who
contributed DNA
23 (144) | Study of | cross-sectional two-stage | screening questionnaire in stage 1, | stratified sampling accounted for in | n=4,767 in stage I(participation
Asthma and | survey among rural primary | clinical examinations in stage 2 the analyses; laborers’ children | rate 66.0%), n=879 in stage 2
Allergy in | school children in Shropshire excluded from the analyses; timing, | (participation rate 60.3%)
Shropshire (UK) using disproportionate age, and wheeze definition unclear
exposure stratified random
sampling
24 (145) | Iowa, USA cross-sectional study in two the published adjusted OR for | study school n=61 (participation
schools in rural Iowa, one of asthma is most likely inflated due to | rate  52.6%), control school
them close to a “concentrated collinearity between living on a farm | n=248 (participation rate 54.4%)
animal feeding operation” and school and living in a rural area;
(the study school) this issue is regarded major because
the sample size is low, there are six
covariates in the model, and only
6.8% of the participants from the
control school are living on a farm;
25 (146) | Crete, Greece cross-sectional survey among | On Crete, no cows are farmed and n=797 (participation rate 93%)

all schoolchildren aged 7-18
years and living in four
previously unsurveyed areas
of rural Crete in 2001

animals are kept outdoors
throughout almost the entire year;
moreover, goat’s milk s
universally boiled before it is




drunk, being otherwise considered

unpalatable; age-specific
prevalences are given in
comparison to other farming
studies
26 (147) | British cross-sectional survey among family clusters accounted for in the | n=1158; SPT (n=317) in one
Columbia, all 4-H club members (a association analyses region only (Jul 2001 to Jan
Canada youth organization) in five 2002);
regions in British Columbia
(Canada) in Jul-Aug 2001, a
50% sample in the remaining
two largest regions was
contacted in May 2002
27 (148) | Organic cross-sectional survey among low participation rate; this issue is | n=1054 farmers and n=869
farmers,  The | conventional and organic regarded minor because the authors | spouses  (participation  rate
Netherlands farmers and their spouses argue convincingly against | 38.1%), after restriction to age
working on a farm in the substantial selection bias and farming pattern (purely
Netherlands in Mar-Jun 2001 organic, purely conventional) in
total n=1798
28 (149) | Lower Saxony | cross sectional survey among low participation rate; this issue is | overall ~ N=10,252, random
Lung Study adults in Lower Saxony, regarded minor because the authors | subsample invited for
Germany, in 2002-2004; argue convincingly against | questionnaire and clinical
substantial selection bias examination (n=7,080); n=2,812
returned the questionnaire and
gave informed consent for BHR
(participation rate 39.7%%), after
exclusion due to medical reasons
BHR was measured in n=1,980
of which n=1,935 were born in
Germany; final study population
were n=1,595 with complete data
(22.5% of the originally invited)
29 (150) | NLSCY prospective cohort study of complex design accounted for in the | baseline N=22,831, n=14,318
children with baseline in analyses children at follow-up
1994/95 conducted by (participation rate 62.7%), after
Statistics Canada in the 10 exclusion due to missing data for
provinces in Canada, follow- asthma at baseline or FUl and
up in 1996/97 asthmatics at baseline n=13,524;
30.1 | (104) | North  Island, | Cross-sectional study; | Subjects were asked to complete a | family clusters accounted for in the | n=2,509 farming families




New Zealand Farming families living in the | postal survey for themselves and | analyses, for “growing up on a | (participation rate  77.8%),
lower half of the North Island | their children aged 5-17 years (if | farm” correction for the exposure | n=1,001 non-farming families
were randomly selected from | any). Data on adults is reported. stratified sampling was made by | (participation rate 67.0%), in
a national database of farms adjusting for “farmer” total 4,288 farmers, 1,328 non-
in New Zealand. A rural farmers with n=1,333 farmer’s
control group of non-farmers children and n=566 non-farmer’s
from the same region (adults children
aged 25-49) was randomly
chosen from the New
Zealand Electoral Roll.

30.2 | (105) Data on children is reported
31 (151) | Tyrol, Austria birth cohort study of all asthma ascertainment based on | N=33,808 (participation rate
infants liveborn Apr 1994- hospitalizations; authors modeled | 74.1%)
Dec 1999 in Tyrol, Austria logistic regression but call estimates
relative risk, unclear whether a
transformation was applied
32 (152) | Estevan and | longitudinal  analysis  of | Students in grades 1 to 3 in 2000 | farm exposure detailed in methods | N=477 at baseline (grades 1-3,

Swift Current, | participants in two repeat | were potentially studied again in | does not match description in the | participation rate 94%), after

Saskatchewan, cross-sectional surveys | 2003 in grades 4 to 6, creating a | tables (Farm visits in the first 12 | exclusion of subjects with

Canada among school children in a | prospective cohort. months of life <3 vs. >3) wheeze or asthma at baseline
primarily agricultural town in n=212 had been followed up
2000 and 2003 (participation rate 67.1%)

33 (153) | Agricultural prospective  cohort  study | data presented as cross-sectional N=32,347 spouses enrolled at

Health Study among pesticide applicators | at baseline baseline, after restriction on sex,
and their spouses in lowa and age, asthma after age 19 years,
North Carolina, USA, with and complete data n=25,814
baseline in 1993-1997 farm women remained

34 (106) | Agricultural cross-sectional study among | Questionnaires were sent to all | prevalences and crude estimates are | n=877 (participation rate for
workers,  The | workers involved in | employees of 23 nparticipating | not adjusted for the exposure | agricultural workers 90%, for

Netherlands processing and trade of | companies, a  representative | stratified sampling; this issue is | farmers 61%)
agricultural products and | sample of companies in four | regarded major because although the
among (organic) farmers in | agricultural sectors (onion trade, | exposure definition for analyses is
Feb-Dec 2006 flower bulb trade, animal feed | likely to overlap with the definition

industry and vegetable seed | used in sampling the direction of the
industry) bias cannot be predicted;
35 (154) | West  Gothia, | cross-sectional survey in | data reported on the subset of 16- | unclear ~ description  of  the | n=1,261  (participation  rate

Sweden West Gothia including the | 20yr olds multivariate model; correction for | 49.7%)

city of Gothenburg in 2008
using disproportionate

the exposure stratified sampling was
made by adjusting for study area




stratified (city/non-city)
sampling
36.1 | (123— | GABRIELA cross-sectional multi-centre | data for Austria The author is one of the principal | Overall N=103,219 (participation
126) survey among school investigators of GABRIELA. At the | rate 57.7%); Austria n=12,291
children from  Austria, time of this project the estimates | after restriction to Austrian
Germany, Poland, and used had not been published but | nationals
Switzerland with three phases similar ~ estimates have  been
using disproportionate published. The author took the
exposure and disease liberty of producing estimates that
stratified random sampling would harmonize with other studies
for Phase 2 and 3; data presented here in terms of exposure
reported is from Phase 1 in and outcome definitions and that
Nov 2006-Apr 2007 would not deviate largely from what
is and will be published.

36.2 data for Switzerland n=14,817 after restriction to
Swiss nationals but no exclusion
of late responders

36.3 data for Munich, Germany n=20,349 after restriction to
German nationals

36.4 data for Ulm, Germany n=19,233 after restriction to
German nationals

36.5 data for Poland n=23,331

37 (107) | E3N prospective  cohort  study | Standardized questions on asthma N=98,995 at baseline, n=74,525

among female members of a
national health insurance plan
that covers mainly teachers
with baseline in 1990 and
follow-up every two years

and data on farming lifestyle
during childhood were included in
the seventh follow-up
questionnaire in 2003. [Data
reported is of cross-sectional
nature.]; Because approximately
one third of the women were born
during the Second World War and
because living conditions on
farms might have been quite
different before, during and after
the war, we stratified our analyses
according to the year of birth
(n=17,961 born before the war,
i.e., between 1925 and 1938;
n=18,651 born during the war,

completed baseline, 1993 and
2003 follow-up (participation
rate 75.3%), after exclusion due
to missing data or extreme values
for diet n=54,018 were analyzed
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i.e., between 1939 and 1945; and
n=17,406 born after the war, i.e.,
between 1946 and 1950);

38.1 | (5) Farming- prospective  cohort study | data reported is for baseline; the | the exposure assessment was | n=999 farming students (40.3%
students, among  Danish  farming | stratified sampling is accounted | implemented late in the cohort and | of the originally approached
Denmark students using an exposure | for by inclusion of the | only 1,166 (59%) of the farming | N=2,478, after restriction to male
stratified recruitment | stratification  variable as a | students answered to the question | sex, age below 26yrs, data on
(farming students, | covariate in multivariate models; “Were you born and raised on a | exposure and covariates)
conscripts), baseline in 1992- farm”; this issue is regarded minor
1994 and yearly follow-ups because  the  authors argue
for 5 years. convincingly against selection bias
38.2 | (127) | Farming- An asthma case-control study | data reported is for nested case- | Among farming students there are | n=122 asthma cases, n=116
students, was nested into the cohort | control study n=107 cases and n=102 controls, | controls
Denmark using  incidence  density among conscripts there are n=15
sampling cases and n=14 controls. Although
not stated explicitly in the text the
stratified sampling may have been
also applied to the case-control
study. Since farm-
students/conscripts is not associated
with case/control it is unlikely to
influence the association between
exposure and case/control
39 4 Saskatchewan, cross-sectional survey among n=1704  (participation  rate
Canada school children in 71.8%)
Saskatchewan, Canada, in
1993

! of the study population unless further detailed
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Table E1.2: Detail on age of the participants and exposure and disease assessment of the studies relevant for the meta-analyses

# study age (years) exposure definition % exposed outcome definitions % diseased confounders
1 SCARPOL 6-7,9-12, 13-15 | Parents had to indicate | 19.0 current wheeze (ISAAC) 8.3 age, sex, parental
whether the family was ever asthma (ISAAC) 93 education, maternal
running a farm and if so, smoking, a family history
whether this was a full- of asthma, a family history
time or part-time activity. of hay fever or eczema,
Estimates are for parental number of siblings, pet
occupation: farming vs ownership, indoor
non-farming. humidity, heating fuels
2.1 | Finnish 18-24 (a) living on a farm at age | 46.8  [(a)/((a)+(b))]; | Self-reported wheezing | 6.8 gender, parental education,
university 0-6 years, (b) living in a | 11.4 during lifetime included passive smoking, parental
students rural  area  (scattered | [(a)/((a)+(b)*+(c))]; subjects without diagnosed asthma or atopic disease,
settlement) at age 0-6 asthma and with positive number of older siblings,
years but never on a farm responses  to  following day care outside the home
(rural nonfarm category), questions: Have you at any
as well as (c) living in an time during your life had
urban area at age 0-6 attacks of shortness of breath
years. with wheezing? If yes, has
Estimates are for (a) vs your breathing been normal
(b). between the attacks? If yes,
Have you had these attacks
also during times you did not
have a cold, flu or other chest
infection?
no association published
Asthma: positive answers to | 4.6
the following  questions:
Have you ever had asthma? If
yes, has a doctor diagnosed
your asthma?
2.2 18-25[7] Estimates are for (a) vs | 9.8 At the pulmonary disease | 10.7 frequency matched for

((b)*+(c)).

specialist’s interview, current
asthma was confirmed if the
subject had had symptoms
suggestive of asthma, such as

gender, adjusted for early
childhood pet-keeping




wheezing,  shortness  of
breath, cough with wheezing,
in association with typical
provoking factors, such as
exercise or animals, during
the last 12months, and at the
same time fulfilled at least
one of the following lung
function criteria: 1) PD20
FEVI { 29 mg in
methacholine challenge 2)
FEV1 < reference value
minus 1.96 SD 3) FEV%
(FEVI/FVC) < reference
value minus 1.96 SD (where
FVC is forced vital capacity)
4) FEVI1 shows a rise of at

least 15% after
bronchodilation.
Salzburg, 8-11 (9.5+£0.7) With regard to farming, | 14.1 current wheeze (ISAAC) 7.1% only  crude estimates
Austria parents were asked ‘does ever asthma (ISAAC) 3.5% available
your child live on a farm?' A positive answer to ‘did a | 14.5%
and ‘does your child have doctor ever diagnose
regular  contact  with asthmatic, spastic or
livestock (cows, horses, obstructive bronchitis?'
sheep, pigs and goats) or suggested possible asthma;
poultry?'. this was grouped with doctor
Estimates are for living on diagnosed asthma
a farm: yes vs. no.
rural Bavaria, | 5-7 Farming was assessed by | 12.0 current wheeze (ISAAC) 7.8* parental education, family
Germany asking: ‘Do you live on a doctor diagnosed asthma at | 6.1%* history of atopic diseases,

farm?' and if so, ‘Does
your family run the farm
on a (a) full-time basis, (b)
part-time basis, (c¢) small
scale basis, (d) only for
home consumption or (e)
not at all?" Children were
classified as exposed to

least once or asthmatic,
spastic or obstructive
bronchitis more than once
(ISAAC)

number of older siblings,
use of wood or coal for
heating or cooking




farming if they lived on a
farm and their parents
were engaged in farming
activity of any degree.

Quebec,
Canada

12-19

We identified all subjects
currently living on a farm
and then selected from the
same school class half the
number of  subjects,
matching for  gender,
among those who had
never lived or worked on a
farm in their lifetime.

To contrast those children
with and without exposure
to the farm environment,
we  eliminated  from
consideration all those
who had been exposed,
either  previously  or
intermittently to farming
practices either by having
worked or lived on a farm.
Estimates are for exposure
to farm environment:
always vs. never

14.7*

current wheeze (ISAAC) 16.5% only crude  estimates
asthma ever (ISAAC) 7.9% available

The report of wheezing in the | 23.6* adjusted for gender, current
last 12 months was obtained smoking, number of
from the French version of siblings

the ECRHS questionnaire.

Spirometry was carried out | 8.7*

sitting with the subject
wearing a nose  clip.
Acceptability of results was
judged according to
American Thoracic Society
recommendations.
Methacholine was
administered by individually
calibrated DeVilbiss number
40 nebulizers according to
the protocol described by
Yan and colleagues. Airways
hyperresponsiveness (AHR)
was considered to be present
if the FEV1 dropped by 15%
or more at the highest
concentration administered.
A subject was considered to
have  “asthma” if he
demonstrated AHR  on
methacholine testing and
reported the occurrence of
wheeze in the last 12 mo.




6 PECOS <=17 ->=71 household farming status | 80.4* Has this person ever been | 10.2 only crude  estimates
determined by "Does your diagnosed by a doctor as available
household  operate a having asthma?
farm?"; only 74.8% of the
farming households reside
on a farm only, 6.1% of
the non-farming
households reside on a
farm;
Estimates are for farming
Vs. non-farming
households
7 Grabs, 15 farm children are defined | 10.2* asthma ever (no details) 8.3% only crude estimates
Switzerland by farming as the paternal available
occupation, part-time
farming  children  are
children without parental
farming occupation but
keeping cows or children
helping other farmers, all
others are non-farmers.
Estimates are
8.1 1966  Finnish | 31 paternal occupation; 20.8%* ever having been diagnosed | 8.0 sex, maternal age, maternal
birth cohort Estimates are for farmers by a doctor as having asthma smoking in  pregnancy,
vs. non-farmers parental allergy, current
vocational training, current
BMI, gestational age, birth
weight, parity
8.2 having a parent who was a | 22.9* Doctor-diagnosed asthma | 7.9% similar to 8.1, in addition:
professional farmer during ever residential density, place of
infancy residence, maternal BMI,
Estimates are for yes vs. maternal education, birth
no height [instead of birth
weight], mother’s age of
menarche
9.1 | New South | 7-12, farm: | Has your child ever lived | Moree 29.4* Has your child wheezed in | Moree 33.2%* only  crude estimates
Wales, 9.47+£1.04, non- | for longer than 12 months the past 12 months? available; authors mention
Australia farm: 9.35+1.09 | on a farm? Has your child ever been | Moree 41.4* | that the association des not

diagnosed as having asthma

persist after adjusting for




by a doctor or at a Hospital?

atopy or parental history of
allergic disease

9.2 Wagga Wagga 15.4* | Has your child wheezed in | Wagga
the past 12 months? Wagga 27.2%
Has your child ever been | Wagga
diagnosed as having asthma | Wagga 38.5*
by a doctor or at a Hospital?
10 Gotland, 7-8 Unclear exposure | 19.2 wheezing in the previous year | 12.0* sex and atopic heredity (no
Sweden definition; Methods: without upper respiratory further details on the latter
“Parents were also asked infection given)
questions on farming such “ever had asthma" or "ever | 7.4%*
as past and/or present had doctor diagnosis of
farming,  keeping  of asthma"; this was grouped
livestock and horses, and with doctor diagnosed asthma
distance from the family
houses to
stable/cowshed.”; Results:
“children living on a
farm”, “children of
farmers”; believed to be
defined on occupation;
Estimates for farmers’
children vs. non-farmers’
children
11.1 | ALEX grade 1-6, farm | Does your child live on a | approx. doctor diagnosed asthma at | not published | age, sex, study area,
9.42+1.63, non- | farm? 319/1406=22.7% least once or asthmatic, education of parents, family
farm 9.49+1.60 | Estimates for yes vs. no (uncertain  due to | spastic or obstructive history of asthma and hay
restrictions and | bronchitis at least once fever, number of older
exposure stratified | (ISAAC) siblings
random sampling)
11.2 current wheeze (ISAAC) farm 6.3*, | only crude estimates
non-farm available
12.0*
doctor diagnosed asthma at | farm 4.7%,
least once or asthmatic, | non-farm 8.5%
spastic or obstructive
bronchitis at least once
(ISAACQC)
11.3 current wheeze (ISAAC) farm 6.3, non- | only crude estimates




farm 13.1 available
doctor diagnosed asthma at | farm 5.5, non-
least once or asthmatic, | farm 9.4
spastic or obstructive
bronchitis at least once
(ISAAC)
12.1 | ECRHS (I) 20-44 living on a farm in | 8.8% current wheeze (ECRHS) 23.4%* crude country-specific OR
childhood; current asthma (ECRHS) 4.9% combined with random
Estimates are for yes vs. effects meta-analysis
no
12.2 | French ECRHS | 44.9+7.2 living on a farm in | 12.2* asthma ever (no details, | 14.7 age, sex, center, parental
I childhood: in the first year ECRHS methodology) history of asthma or
of life, later in childhood, allergy, smoking habits,
never; pets in childhood, severe
Estimates are for lived on respiratory  infection in
a farm in first year of life childhood
vs never lived on a farm
13 ISAAC 13-14 Is your family involved in | 11.7 Wheezing (while at rest) in | 4.3 age, gender, study area,
(Finland) farming? the past year (ISAAC video parental education, parental
Estimates are for yes vs. questionnaire) atopy (history of asthma,
no ambiguous, quotes ISAAC | 5.6 hay fever, or eczema in
methodology: doctor either parent), number of
diagnosed asthma (methods), older siblings, child’s own
asthma ever (results, table); smoking history
this was grouped with doctor
diagnosed asthma
14 Dannevirke, 7-10 information on residence | 32.1* current wheeze (ISAAC) 22.2% multivariate models include
New Zealand (living in town, or on a asthma ever (ISAAC) 33.4* farm exposures and thus
farm, or in a rural area but estimate an  attenuated
not on a farm) collected farm-effect
for current and for first
year of life
Estimates are for living on
a farm in the first year of
life yes vs. no (including
town living)
15 Swedish 17 Farming: At least one | The percentage of the | ICD-8/9/10 (493, J45), no | The only crude  estimates
conscripts parent has a farming or | study population with | details on assessment before | prevalence of | available

animal related occupation.

at least one parent

1968

asthma




Forestry: No parent has an
occupation as a farmer,
but at least one parent
works as a woodman.
Health: No parent is a
farmer or a woodman, but
at least one parent is a
medical doctor, nurse or
has a paramedical
occupation. Reference: No
parent is a farmer,
woodman, medical doctor,
nurse or paramedic;
Estimates are for Farming
vs all other.

working as a farmer
or a woodman
decreased from 5-
1.8% in the 1970s to
2.5-1.2%,
respectively, in the
1990s.

increased

from 2.0% in
the cohorts
born in 1952—
1956 to 7.2%
in those born
in 1977-1981.

16 Iowa, USA 6-14 whether the family lived in | 27.8 for farm vs. | current wheeze (ISAAC) 19.1 age, sex, county of
the town or the country, | town, 45.3 for farm | wheeze ever (ISAAC) 30.9 residence
and, if in the country, | vs. rural (total: farm | doctor diagnosed asthma | 13.4
whether they lived on a | 21.0, rural home 24.4, | (ISAAC)
farm or in a rural home. town 54.6)
Estimates are for farm vs.
town; OR for farm wvs.
rural were calculated
without CI;
17 Dong Anh, | 5-13,8.4+1.3 parental occupation 75.1 current wheeze (ISAAC) 16.7 (from | age, gender, education,
Vietnam Estimates are for farmer vs figure) maternal history of asthma,
non-farmer asthma ever (ISAAC) 20.5  (from | history of TB, household
figure) TB, stove type
doctor diagnosed asthma | 18.4 (from
(ISAAQC) figure)
18 Wisconsin, 10.1£3.2 Farm residence was based | 17.9* current wheeze(ISAAC) , no | not published | sex, exposure to second-
USA on a non-0 response to any association published, only hand  tobacco  smoke,
one of the 3 questions noted that OR not significant household pets, breast-
regarding how long the wheeze ever (ISAAC) 32.4* feeding, exposure to
family lived on a farm asthma ever (ISAAC) ambiguous daycare, number of siblings

when the child was born,
during the child’s first 5
years of life, or when the
child was older than 5

definitions in
the tables and
results section

in the household




years, Or a response stating
that at the time of the
study, the family lived on
a farm.

Estimates are for farm
residence yes vs. no

19 Kuopio, 6-13 The  children  whose | not published current wheeze (ISAAC) farm 10.7, | age,  gender,  parental
Finland mothers answered ‘yes’ to non-farm 14.5 | education, parental history
the question ‘Is your ambiguous, quotes ISAAC | farm 5.5, non- | of hay fever, day care
family involved in methodology: doctor | farm 6.7 attendance during the first
farming?’ were defined as diagnosed asthma (methods), year of life, number of
farmers’ children. asthma ever (results, table); older siblings
Estimates are for farmers’ this was grouped with doctor
vs. non-farmers’ children diagnosed asthma
20 Keokuk 1-17,9.6£5.0 Household type  was | 36.5% current wheeze (no details) 18.6%* only  crude estimates
County Rural determined at the time of doctor-diagnosed asthma (no | 11.5%* available
Health Study the child’s birth from the details)
biologic mother’s
reproductive history
questionnaire and through
follow-up phone
interviews with  the
biologic mother regarding
residence type (farm, rural
nonfarm, or home
[supposedly 'town']) at the
time of birth;
estimates are given for
'born on a farm' yes vs no
21 Minnesota, 13-21,  99.5% | Do you live on a farm or | 13.7 Have you had wheezing or | 17.5 age, sex,  agricultural
USA were 14-17 ranch that 1is actively whistling in your chest in the region, household smoke,
involved in agricultural past 12 months? current smoking, BMI
production? (A farm was Has a doctor ever told you | 12.6

defined as any place
producing  or  selling
$1,000 or more of
agricultural products.)
Estimates are for farm
residence: yes vs. no

that you have asthma?




22.1 | PARSIFAL 5-13 Farm  children = were | not published current wheeze (ISAAC) farm 5.0, non- | [reported crude OR are
defined as children farm 7.7 adjusted for country]
currently living on a farm doctor diagnosed asthma at | farm 6.3, non- | age, sex, country, parental
and whose family runs the least once or asthmatic, | farm 9.1 education, current smoking
farm. spastic or obstructive in the household, maternal
Estimates are for farm vs. bronchitis more than once smoking during pregnancy,
non-farm children (ISAAC) mother’s reported asthma
and/or rhinoconjunctivitis,
father’s reported asthma
and/or rhinoconjunctivitis,
older siblings.
22.2 doctor diagnosed asthma at only  crude estimates
least once or asthmatic, available
spastic or obstructive
bronchitis more than once
(ISAAC)

22.3 doctor diagnosed asthma at similar to 22.1 and
least once or asthmatic, additionally:
spastic or obstructive breastfeeding, BMI, food
bronchitis more than once avoidance due to familial
(ISAAC) asthma and/or allergy

22.4 doctor diagnosed asthma at only  crude estimates
least once or asthmatic, available
spastic or obstructive
bronchitis more than once
(ISAAQC)

23 Study of | primary school | farming children whose | 11.3* current asthma symptoms | 15.0% age, sex, family history of
Asthma  and | children parents live and work on a (ISAAC methodology, item atopy, number of older and
Allergy in | [5-11, personal | farm, laborer’s children unclear); this was grouped younger siblings, breast-
Shropshire communication | whose parents work on a with current wheeze feeding

with David | farm but do not live on a
Strachan farm, and control children;

(Author)]

Estimates are for farm vs.




control

24 | Towa, USA kindergarten currently living on a farm | study school 63.5, | current wheeze (ISAAC), no | study school | school, living in a rural
through grade 5, | Estimates are for yes vs. | control school 6.8 association published 18.0, control | area, parental smoking, cat
study school | no school 9.7 in the home, dog in the
9.5yrs,  control wheeze ever (ISAAC) , no | study school | home
school 8.7yrs association published 27.9, control

school 21.4
doctor diagnosed asthma | study school
(ISAAC) 19.7, control

school 7.3

25 Crete, Greece 7-18 Parents were defined as | 85.6* current wheeze (presumably | 4.4 only crude estimates

full-time farmers if either in the past 12 months, available
was a full-time farmer; ISAAC methodology)
part-time farming wheeze ever (ISAAC) 16.6
indicated that either parent
was a part-time farmer but
neither was  involved
fulltime. Only  when
neither the father nor the
mother was involved in
any kind of farming was
the child considered to
come from a non-farming
family.
Estimates are for full- and
part-time farming
combined vs. no farming
26 British farm 13.842.8; | Type of residence (farm, | 83.9%* current wheeze (ISAAC) farm 12.6, | age, sex, presence of
Columbia, rural no | rural non-farm and urban) non-farm 19.7 | smokers in the home,
Canada livestock was asked for current and wheeze ever (ISAAC) farm 22.7, | parental history of allergic
12.6£2.5 past residence (before age non-farm 32.8 | disease, number of older
2), as well as whether they doctor-diagnosed asthma | farm  12.0, | siblings, presence of dog in

had (and
livestock

types  of)
and poultry.
Rural  non-farm  was
further categorized
according to presence or
absence of livestock,
including horses. The farm

(ISAAC)

non-farm 21.6

the home, cat in the home




residences all had
livestock; the three
exceptions were classified
as rural non-livestock.

Estimates are for current

farm residence vs. rural
residence without
livestock

27 Organic <=70, childhood farming | conventional 63.8 | “According to the ECRHS | 4.7 age, sex, organic farming,

farmers, The | conventional environment: no, crops | (79.2%), organic 48.5 | definition,  asthma  was asthma in parents or
Netherlands farmers only, livestock; (55.9%) defined as a positive response siblings, smoking habits,
45.549.7, Estimates are for livestock to any of the following current farm type
organic farmers | vs no questions: ‘‘Have you had an (crops/livestock),
44.2+8 .4 attack of asthma in the last 12 disinfectant use
months?”’, ‘“‘Have you been
woken by an attack of
shortness of breath at any
time in the last 12 months?”’
and ‘‘Are you currently
taking any medicine for
asthma?”’; this was grouped
with doctor diagnosed asthma
28 Lower Saxony | 18-44 lived on a farm during the | 42.5 wheezing without a cold (no | 10.5 age, sex, level of education,
Lung Study first 3 years of life; details, ECRHS passive and active smoking,
Estimates for yes vs. no methodology);  this  was family history of allergic
grouped with current wheeze disease, number of siblings
asthma diagnosis (no details, | 5.0
ECRHS methodology)

29 NLSCY 0-11 at baseline | Based on street level | 56.8 Does this child have asthma | 5.6 age, gender, region, SES,
frontage, how would you that has been diagnosed by a | (cumulative crowding index, immigrant
characterize land use on Health Professional? incidence mother, parental smoking,
this  block/road? (a) over 2 years | parental history of asthma,
primarily rural, farming; among all | child allergies, child's
(b) primarily rural, participants health status (low/high),
residential; (c) non-rural (a,b,c)), 2.3 | number of pediatrician

Estimates are for (a) vs.

(b)

for (a), 5.3 for
(b)

visits, number of physician
visits, maternal age at birth,
number of older siblings,
home needing repairs, BMI




30.1 | North Island, | non-farm We also assessed whether | farm 65.2, non-farm | current wheeze (ECRHS) farm 16.1, | age, sex, ethnicity,
New Zealand 42.6£7.3, farm | and how long subjects had | 22.6 non-farm 25.4 | smoking, current farming
48.9+10.5 lived on a farm during Have you ever had asthma? | farm 15.1, | (Further adjustments for
childhood, and how long (ECRHS) non-farm 23.3 | number of siblings, family
they worked as a farmer, history of asthma, hay fever
i.e. 'Did you grow up on a and eczema did not
farm?', If yes, for how significantly  alter  the
many years (up to 18 years results.)
old), and 'How long have
you worked as a farmer?';
Estimates are for growing
up on a farm: yes vs. no
30.2 5-17, farm | farmer’s children vs. non- | not published | current wheeze (ISAAC) farm 19.5, | only  crude estimates
11.243.5, non- | farmer’s children (stratified design) non-farm 25.1 | available
farm 11.0+3.6 asthma ever (ISAAC) farm 28.5,
non-farm 34.2
31 Tyrol, Austria | 6-10 at | A farming environment | 3.4%* In a first step, a search was | 0.9% sex, rural/suburban/urban,
diagnosis was assumed if farm work made for diagnoses 493.0 postnatal smoking, neonatal

was given as a full-time
occupation.

Estimates are for farming
yes vs. no

(ICD-9) and J45.0 (ICD-10)
which identified 721 infants.
In a second step the diagnosis
was confirmed by two
paediatric pulmonologists
based upon a critical review
of the hospital medical
records. A diagnosis of
asthma required a medical
history of at least 3 episodes
of wheezing confirmed by
clinical examination on
hospital admission and proof
of atopy (a positive skin-
prick test reaction to at least
one common aeroallergen
and/or elevation of specific
IgE in serum). The skin-prick
test reaction to common
aeroallergens (grass pollen
mix, hazel, birch pollen, cat

admission to  hospital,
breastfeeding, number of
siblings, birth weight




dander, D. pter., Alternaria
alternata, Cladosporium
herbarum) was considered
positive if the wheal diameter
was at least 3 mm greater
than a negative control with
saline solution 15 min after
testing. The level of specific
IgE was measured by RAST
and considered elevated if the
level was >3.5 kU/I for the
specific allergen. A total of
367 (50.9%) children
satisfied these criteria.

32 Estevan  and | 7.2+0.9 at | Current place of residence | 59.0* New-onset  wheeze was | 10.4 age, sex, ETS exposure,
Swift Current, | baseline was defined as rural if the defined by a positive BMI, allergic disease
Saskatchewan, response to the question, response to either of the (allergy, hay fever or
Canada “Where is your home following questions in 2003, eczema), home humidifier,

located?”  was  either both of which were answered home fireplace
“farm” or “acreage” and negatively in 2000: “Has this
was defined as urban when child ever had a wheeze or
the response was “in whistling noise that comes
town.” A high level of from the chest?” “Has your
farm exposure in the first child’s chest ever sounded
year of life was considered wheezy during or after
present if a child “visited a exercise/sports?”’

farm more than 3 times,”

“visited a farm regularly,”

or “lived on a farm.”

Estimates are for farm

exposure in the first year

of life yes vs. no

33 Agricultural 20-88, 4712 Did you spend more than | 60.9* self-reported doctor’s | 2.7 only crude estimates
Health Study half your life under age 18 diagnosis of asthma available

on a farm?
Estimates are for yes vs.
no

34.1 | Agricultural 18-65, farm | “‘Did you grow up on a | 58.3* current wheeze (ECRHS) 11.4 only crude  estimates

workers, The | childhood yes | farm?”’ Doctor-diagnosed asthma | adult-onset available




Netherlands 46.0£9.6, no | Estimates are for yes vs. was defined as ever having | 0.9
40.5£10.5 no had asthma that was
confirmed by a doctor, and
was stratified by time of
onset (before or after 18
years of age). (ECRHS
methodology)
342 Doctor-diagnosed asthma childhood-
onset 4.1
35 West  Gothia, | 16-20, 64% | Did your family live on a | 6.0 Have you had whistling or | 15.9 age, gender, area of
Sweden aged 18+ farm during your first 5 wheezing in the chest on any domicile, smoking habits,
years of life? occasion during the last 12 family history of asthma
Estimates are for yes vs. months? and/or allergy, physician-
no Have you ever had asthma?, | 11.1 diagnosed asthma [?], other
no association published asthma  variables [71,
Have you been diagnosed as | 9.5 rhinitis [?],occupational
having asthma by a doctor? exposure to gas, dust, or
fumes.

36.1 | GABRIEL (4) | 6-12 (a) farm children were | 15.0 current wheeze (ISAAC) 10.4 age, sex, parental
children who lived on a doctor diagnosed asthma at | 7.3 education, parental
farm that was currently least once or asthmatic, smoking, family history of
run by the family; (b) spastic or obstructive asthma, number of siblings
exposed non-farm children bronchitis more than once
were children who did not (ISAAC)
qualify as farm children
but had regularly (at least
once a week over a period
of 6 months) visited
stables or barns or had
regularly consumed farm
milk ever in life; (c)
unexposed non-farm
children were all
remaining children;

Estimates are for (a) vs.
()
36.2 25.7 current wheeze (ISAAC) 8.3
doctor diagnosed asthma at | 10.1

least once or asthmatic,




spastic or obstructive
bronchitis more than once
(ISAAC)

36.3 21.4 current wheeze (ISAAC) 11.8
doctor diagnosed asthma at | 10.2
least once or asthmatic,
spastic or obstructive
bronchitis more than once
(ISAAC)

36.4 11.1 current wheeze (ISAAC) 11.6
doctor diagnosed asthma at | 11.3
least once or asthmatic,
spastic or obstructive
bronchitis more than once
(ISAAQ)

36.5 For Poland, with more | 39.8 current wheeze (ISAAC) 18.9
traditional rural doctor diagnosed asthma at | 19.6
communities and different least once (ISAAC, differs
exposure patterns, the from the other GABRIELA
definition of farm children centres due to different
was: (a) farm children labeling practices)
were children from
families who reported any
animal  husbandry or
cultivation and lived in a
village; (b) village non-
farm children were all
remaining children living
in a village; (c) town
children were all
remaining children who
lived in small towns (up to
15,000 inhabitants).

Estimates are for (a) vs.
(c)
37.1 | E3N baseline 40-65, | Women were asked in | 12.1%* "Have you ever had asthma | 1.6 age, education level and

at FU: farm
61.3+6.3, non-
farm 61.4+6.4

2003 whether they lived
on a farm  during
childhood, continuously

attacks?" and if yes “Was this
diagnosis confirmed by a
doctor?”.  For  asthmatic

pets in childhood




for at least 3 months, and
if yes, whether their
parents were farmers.
Estimates are for farmer
parents yes vs. no

women, age at the first attack
was recorded. Childhood
asthma was defined as onset
<16 years and early
childhood asthma <4 years.
[unclear ~ whether  early
childhood asthmatics are
included in the population
from which estimates for
childhood asthma are
derived]

37.2 Adult asthma was defined as | 3.2 age, education level,
onset >16 years. smoking, pets in childhood,
BMI, physical activity, diet
(dietary patterns and total

energy intake)
38.1 | Farming- baseline 16-26 | Being born and raised on a | 50.6* wheeze ever 8.0%* farming student/conscript,
students, (mean 19.2) farm; asthma was defined by a | 6.9% familial history of allergy,

Denmark Estimates are for yes vs. positive answer to at least smoking

no

one of 4 major questions
(Have you been told by a
doctor that you have asthma?
Do you have asthma? Have
you ever had asthma? Do you
ever wheeze?) and 2 positive
answers from a group of 10
symptom questions (Do you
ever have chest tightness? Do
you wake up in the morning
with a tight chest? Do you
wake up in the night with
wheeze? Do you cough on
waking in the morning? Do
you wake with a cough? Do
you wheeze when exposed to
cold air? Do you wheeze with
exercise? Do you wheeze
when exposed to pollen? Do
you wheeze by exposure to




269

270

271

272

animals? Do you use asthma
drugs?); this was grouped
with doctor diagnosed asthma

38.2 farming students: | incident asthma (definition | farming sex, disposition for asthma
cases 29.5 [possibly | see above) students 5.4*, | [no detail given], atopy, hay
wrong, alternatively: conscripts fever
24.3*], controls 48.4 3.7*

[possibly wrong,
alternatively  45.1%];
conscripts: cases 20.0,
controls 14.3
39 Saskatchewan, | asthma 8.0+1.5, | location of home 47.1% Has your child ever been | 10.0 only  crude estimates
Canada no asthma | Estimates are for diagnosed as having asthma available
8.1+1.4 farm/acreage vs. town by a doctor or at a hospital?

* recalculated from published data
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Funnel plots for childhood and adulthood studies, separately
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Figure E1.1: Funnel plot of included estimates from childhood studies, labeled according to the

outcome definition
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Figure E1.2: Funnel plot of included estimates from adulthood studies, labeled according to the

outcome definition



278  Appendix 3: Forest plots for childhood and adulthood studies

Group Overall

random effect Weight  Weight

Study # details 95% ClI % % ES [95% CI] 12 [95% CI]
16 — 40.03 38.68 0.71 [0.58; 0.87]

18 d —— 49.97  43.69 0.77 [0.64; 0.92]

26 c 10.01 14.16 0.60 [0.40; 0.90]

Group 1 “farm residence” Combined (95% Cl) i 100.00 0.73 [0.64; 0.83] 0 [0; 90]
25 c 3.46 1.55 [0.65; 3.72]

Overall Combined (95% CI) ————— 100.00 0.74 [0.63; 0.87] 27 [0; 73]

I T T 1
0.20 0.45 1.00 2.24 5.00

279  Figure E2: Forest plot for the association between farm exposure in childhood and wheeze ever from childhood studies

280  Legend to Figure E2:

281  Study #25 belongs to group 2 “parental occupation”. The random-effects meta-analysis is grouped by different exposure definitions (farm residence, parental
282 occupation, combination of both). Combined estimates are per group and overall. Within group weights and overall weights are displayed. The symbols of the
283  effect estimates of each study are scaled according to the overall weight. Study #: the study number provided in table 1 and table E1.1; details: m=methodological
284  issues (details in table E2.1), c=crude estimate, d=differing disease definition from the categorization described in the online supplement; ES: effect size;

285 1% measure of heterogeneity, given in %



286

287
288
289
290

291

Group Overall

random effect Weight Weight
Study #  details 95% ClI % % ES [95% Cl] 12 [95% CI]
3 c,d = 3.93 2.98 0.27 [0.08; 0.89]
5 c,d = 35.04 17.96 0.68 [0.52; 0.89]
14 m,c = 16.42 10.45 1.04 [0.62; 1.74]
18 d — 44.62 20.79 0.80 [0.66; 0.97]
Group 1 “farm residence” Combined (95% CI) —— 100.00 0.76 [0.59; 0.96] 43 [0; 81]
1 = 22.10 8.65 1.17 [0.64; 2.13]
7 m,c < 9.88 3.05 0.23 [0.07; 0.74]
17 = 32.43 16.38 1.22 [0.89; 1.68]
30.2 c B — 35.59 19.73 0.77 [0.61; 0.97]
Group 2 “parental occupation” Combined (95% CI) R —— 100.00 0.87 [0.57; 1.33] 73 [25; 91]
Overall Combined (95% ClI) —— 100.00 0.82 [0.66; 1.02] 62 [17; 82]
T T T 1
0.20 0.45 1.00 2.24 5.00

Figure E3: Forest plot for the association between farm exposure in childhood and asthma ever from childhood studies

Legend to Figure E3:

The random-effects meta-analysis is grouped by different exposure definitions (farm residence, parental occupation, combination of both). Combined estimates
are per group and overall. Within group weights and overall weights are displayed. The symbols of the effect estimates of each study are scaled according to the
overall weight. Study #: the study number provided in table 1 and table E1.1; details: m=methodological issues (details in table E2.1), c=crude estimate,

d=differing disease definition from the categorization described in the online supplement; ES: effect size; 1% measure of heterogeneity, given in %
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293
294
295
296

297

Overall

random effect Weight
Study # details 95% ClI % ES [95% Cl] 12 [95% CI]
12.1 c,d = 17.19 1.09 [0.82; 1.45]
28 - 11.50 0.73 [0.51; 1.04]
30.1 — & 52.21 0.80 [0.69; 0.93]
34.1 m, ¢ 8.44 0.79 [0.52; 1.20]
35 3.37 1.00 [0.51; 1.95]
38.1 . 7.28 0.68 [0.43; 1.07]
Overall Combined (95% CI) —— 100.00 0.83 [0.73; 0.94] 5 [0; 76]
I T T 1
0.20 0.45 1.00 2.24 5.00

Figure E4: Forest plot for the association between farm exposure in childhood and current wheeze from adulthood studies

Legend to Figure E4:

The random-effects meta-analysis is grouped by different exposure definitions (farm residence, parental occupation, combination of both). Combined estimates
are per group and overall. Within group weights and overall weights are displayed. The symbols of the effect estimates of each study are scaled according to the
overall weight. Study #: the study number provided in table 1 and table E1.1; details: m=methodological issues (details in table E2.1), c=crude estimate,

d=differing disease definition from the categorization described in the online supplement; ES: effect size; 1°: measure of heterogeneity, given in %
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299
300
301
302

303

304

Group Overall

random effect Weight Weight
Study #  details 95% ClI % % ES [95% CI] 12 [95% CI]
2.1 8.10 4.56 0.70 [0.46; 1.06]
12.1 cd - 7.39 4.16 0.82 [0.53; 1.27]
27 ed 4.68 2.63 0.60 [0.35; 1.04]
28 5.44 3.06 0.65 [0.39; 1.08]
33 c —a— 66.44 37.36 0.75 [0.65; 0.87]
34.1 m,c - 0.73 0.41 0.73 [0.18; 2.92]
35 - 0.98 0.55 0.30 [0.09; 0.99]
38.1 - 6.23 3.50 0.79 [0.49; 1.27]
Group 1 “farm residence” Combined (95% CI) —— 100.00 9.34 0.73 [0.65; 0.83] 0 [O; 68]
8.2 = 100.00 34.43 0.96 [0.72; 1.28]
37.2 — 100.00 0.72 [0.62; 0.84]
Overall Combined (95% Cl) - 100.00 0.75 [0.68; 0.82] 0 [0; 62]
I T T 1
0.20 0.45 1.00 2.24 5.00

Figure E5: Forest plot for the association between farm exposure in childhood and doctor diagnosed asthma from adulthood studies

Legend to Figure E5:

Study #8 belongs to group 2 “parental occupation”, study #37 belongs to group 3 “combination”. The random-effects meta-analysis is grouped by different
exposure definitions (farm residence, parental occupation, combination of both). Combined estimates are per group and overall. Within group weights and overall
weights are displayed. The symbols of the effect estimates of each study are scaled according to the overall weight. Study #: the study number provided in table 1

and table E1.1; details: m=methodological issues (details in table E2.1), c=crude estimate, d=differing disease definition from the categorization described

in the online supplement; ES: effect size; 1°: measure of heterogeneity, given in %
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307

308

309

310

311

Overall

random effect Weight
Study # details 95% ClI % ES [95% CI] 1 [95% ClI]
12.2 4.21 1.05 [0.49; 2.23]
30.1 —— 95.79 0.82 [0.70; 0.96]
Overall Combined (95% ClI) ——— 100.00 0.83 [0.71; 0.97] 0 [0;0]
I T T 1
0.20 0.45 1.00 2.24 5.00

Figure A3.5: Forest plot for the association between farm exposure in childhood and asthma ever from adulthood studies

Legend to Figure A3.5:

All studies belong to group 1 “farm residence”. The random-effects meta-analysis is grouped by different exposure definitions (farm residence, parental
occupation, combination of both). Combined estimates are per group and overall. Within group weights and overall weights are displayed. The symbols of the
effect estimates of each study are scaled according to the overall weight. Study #: the study number provided in table 1 and table E1.1; details: m=methodological
issues (details in table E2.1), c=crude estimate, d=differing disease definition from the categorization described in the online supplement; ES: effect size;

2. . . .
I°: measure of heterogeneity, given in %



312

313
314
315

316
317
318

319
320
321

322
323

324
325
326

327
328
329

330
331
332

333
334

335
336

337
338

339
340

341
342
343

344
345
346

References

10.

11.

12.

13.

Adachi Y, Murakami G, Adachi Y, Matsuno M, Kayahara M, Okada T, Igarashi T,
Yoshizumi A. [Nationwide intradermal test with chironomid midge extract in asthmatic
children in Japan]. Arerugi 1990 Aug;39(8):670-677.

Hansen CL, Baelum J, Sherson DL, Skadhauge LR, Siersted HC, Omland O, Sigsgaard
TI. [The significance of conditions when growing up on the prevalence of atopy in
adult Danes]. Ugeskr. Laeg 2005 Nov;167(48):4570-4574.

Rennie DC, Dosman J, Senthilselvan A. Respiratory symptoms and asthma in two
farming populations: a comparison of Hutterite and non-Hutterite children. Can. Respir.
J 2002 Oct;9(5):313-318.

Rennie DC, Dosman JA. Distance to Health Care and the Prevalence of Asthma in
School Age Children. J Agric Saf Health 1999;5(3):271-278.

Portengen L, Sigsgaard T, Omland @, Hjort C, Heederik D, Doekes G. Low prevalence
of atopy in young Danish farmers and farming students born and raised on a farm. Clin.
Exp. Allergy 2002 Feb;32(2):247-253.

Radon K, Ehrenstein V, Praml G, Nowak D. Childhood visits to animal buildings and
atopic diseases in adulthood: an age-dependent relationship. Am. J. Ind. Med 2004
Oct;46(4):349-356.

Karunanayake CP, Rennie DC, Pahwa P, Chen Y, Dosman JA. Predictors of respiratory
symptoms in a rural Canadian population: A longitudinal study of respiratory health.
Can. Respir. J. 2011 Jun;18(3):149-153.[cited 2011 Sep 6 ]

Cuthbert OD. The incidence and causative factors of atopic asthma and rhinitis in an
Orkney farming community. Clin. Allergy 1981 May;11(3):217-225.

Saia B, Mastrangelo G, Marcer G, Reggio O. Prevalence and risk factors of chronic
respiratory disease in a farming population. Med Lav 1984 Apr;75(2):101-109.

Seaton A. The breathless farm worker. Br Med J (Clin Res Ed) 1984
Jun;288(6435):1940-1941.

Senthilselvan A, Chen Y, Dosman JA. Predictors of asthma and wheezing in adults.
Grain farming, sex, and smoking. Am. Rev. Respir. Dis 1993 Sep;148(3):667-670.

Parvaneh S, Kronqvist M, Johansson E, van Hage-Hamsten M. Exposure to an
abundance of cat (Fel d 1) and dog (Can f 1) allergens in Swedish farming households.
Allergy 1999 Mar;54(3):229-234.

Danuser B, Weber C, Kiinzli N, Schindler C, Nowak D. Respiratory symptoms in
Swiss farmers: an epidemiological study of risk factors. Am. J. Ind. Med 2001
Apr;39(4):410-418.



347
348
349

350
351
352
353

354
355
356

357
358
359
360

361
362
363

364
365
366

367
368
369

370
371
372

373
374
375

376
377

378
379
380

381
382
383

384
385

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Radon K, Danuser B, Iversen M, Jorres R, Monso E, Opravil U, Weber C, Donham KJ,
Nowak D. Respiratory symptoms in European animal farmers. Eur. Respir. J 2001
Apr;17(4):747-754.

Filipiak B, Heinrich J, Nowak D, Wichmann HE. The distribution in specific IgE and
the prevalence of allergic symptoms in 25-64-years old inhabitants of an eastern and a

western German city--results from Augsburg and Erfurt. Eur. J. Epidemiol
2001;17(1):77-84.[cited 2011 Mar 24 ]

Merchant JA, Stromquist AM, Kelly KM, Zwerling C, Reynolds SJ, Burmeister LF.
Chronic disease and injury in an agricultural county: The Keokuk County Rural Health
Cohort Study. J Rural Health 2002;18(4):521-535.

Radon K, Monso E, Weber C, Danuser B, Iversen M, Opravil U, Donham K, Hartung
J, Pedersen S, Garz S, Blainey D, Rabe U, Nowak D. Prevalence and risk factors for

airway diseases in farmers--summary of results of the European Farmers’ Project. Ann
Agric Environ Med 2002;9(2):207-213.

Eduard W, Omenaas E, Bakke PS, Douwes J, Heederik D. Atopic and non-atopic
asthma in a farming and a general population. Am. J. Ind. Med 2004 Oct;46(4):396-
399.

Chen Y, Rennie D, Cormier Y, McDuffie H, Pahwa P, Dosman J. Reduced Risk of
Atopic Sensitization among Farmers: The Humboldt Study. Int Arch Allergy Immunol
2007;144(4):338-342.

Greenlee RT, Chyou P-H, Kieke A, Naik YG, Kirkhorn S. Prevalence of asthma in a
general population cohort of farm children: comparison of estimates based on parental
report and medical record review. J] Agromedicine 2008;13(4):225-231.

Elholm G, Omland O, Schliinssen V, Hjort C, Basinas I, Sigsgaard T. The cohort of
young Danish farmers - A longitudinal study of the health effects of farming exposure.
Clin Epidemiol 2010;2:45-50.[cited 2011 Sep 3 ]

Morcos MM, Morcos WM, Ibrahim MA, Shaheen MA. Environmental exposure to
endotoxin in rural and urban Egyptian school children and its relation to asthma and
atopy. Minerva Pediatr. 2011 Feb;63(1):19-26.[cited 2011 Sep 6 ]

Geller-Bernstein C, Levin S. Early-onset hay fever in Israeli children. Clin. Allergy
1987 Jul;17(4):329-332.

Shibasaki M, Hori T, Shimizu T, Isoyama S, Takeda K, Takita H. Relationship between
asthma and seasonal allergic rhinitis in schoolchildren. Ann Allergy 1990
Dec;65(6):489-495.

Noorhassim I, Rampal KG, Hashim JH. The relationship between prevalence of asthma
and environmental factors in rural households. Med. J. Malaysia 1995 Sep;50(3):263-
267.

Kilpeldinen M, Koskenvuo M, Helenius H, Terho E. Wood stove heating, asthma and
allergies. Respir Med 2001 Nov;95(11):911-916.



386
387
388
389

390
391
392

393
394
395

396
397
398
399

400
401
402
403

404
405
406
407

408
409
410
411

412
413
414
415
416

417
418
419

420
421
422
423
424

425
426
427
428

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Kauffmann F, Oryszczyn MP, Maccario J. The protective role of country living on skin
prick tests, immunoglobulin E and asthma in adults from the Epidemiological study on
the Genetics and Environment of Asthma, bronchial hyper-responsiveness and atopy.
Clin. Exp. Allergy 2002 Mar;32(3):379-386.

Gehring U, Bischof W, Fahlbusch B, Wichmann H-E, Heinrich J. House dust
endotoxin and allergic sensitization in children. Am. J. Respir. Crit. Care Med 2002
Oct;166(7):939-944.

Eder W, Klimecki W, Yu L, von Mutius E, Riedler J, Braun-Fahrlander C, Nowak D,
Martinez FD. Toll-like receptor 2 as a major gene for asthma in children of European
farmers. J. Allergy Clin. Immunol 2004 Mar;113(3):482-488.

Waser M, von Mutius E, Riedler J, Nowak D, Maisch S, Carr D, Eder W, Tebow G,
Schierl R, Schreuer M, Braun-Fahrlidnder C. Exposure to pets, and the association with
hay fever, asthma, and atopic sensitization in rural children. Allergy 2005
Feb;60(2):177-184.

Ublagger E, Schreuer M, Eder W, von Mutius E, Benz MR, Braun-Fahrldnder C,
Moeller A, Brunekreef B, Schram D, Wickman M, Swartz J, Pershagen G, Riedler J.

Validation of questions on asthma and wheeze in farming and anthroposophic children.
Clin. Exp. Allergy 2005 Aug;35(8):1033-1039.

von Hertzen L, Mikeld MJ, Petidys T, Jousilahti P, Kosunen TU, Laatikainen T,
Vartiainen E, Haahtela T. Growing disparities in atopy between the Finns and the

Russians: a comparison of 2 generations. J. Allergy Clin. Immunol 2006
Jan;117(1):151-157.

Raitala A, Karjalainen J, Oja SS, Kosunen TU, Hurme M. Indoleamine 2,3-
dioxygenase (IDO) activity is lower in atopic than in non-atopic individuals and is

enhanced by environmental factors protecting from atopy. Mol. Immunol 2006
Mar;43(7):1054-1056.

Ege MJ, Bieli C, Frei R, van Strien RT, Riedler J, Ublagger E, Schram-Bijkerk D,
Brunekreef B, van Hage M, Scheynius A, Pershagen G, Benz MR, Lauener R, von
Mutius E, Braun-Fahrlédnder C. Prenatal farm exposure is related to the expression of

receptors of the innate immunity and to atopic sensitization in school-age children. J.
Allergy Clin. Immunol 2006 Apr;117(4):817-823.

Radon K, Schulze A, Nowak D. Inverse association between farm animal contact and
respiratory allergies in adulthood: protection, underreporting or selection? Allergy 2006
Apr;61(4):443-446.

Bieli C, Eder W, Frei R, Braun-Fahrliander C, Klimecki W, Waser M, Riedler J, von
Mutius E, Scheynius A, Pershagen G, Doekes G, Lauener R, Martinez FD. A
polymorphism in CD14 modifies the effect of farm milk consumption on allergic
diseases and CD14 gene expression. J. Allergy Clin. Immunol 2007 Dec;120(6):1308-
1315.

Karadag B, Ege MJ, Scheynius A, Waser M, Schram-Bijkerk D, van Hage M,
Pershagen G, Brunekreef B, Riedler J, Braun-Fahrlinder C, von Mutius E.
Environmental determinants of atopic eczema phenotypes in relation to asthma and
atopic sensitization. Allergy 2007 Dec;62(12):1387-1393.



429
430
431
432

433
434
435

436
437
438

439
440
441
442

443
444

445
446

447
448

449
450

451
452

453
454

455
456

457
458

459
460

461
462

463
464

465
466

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Biacker C, Barraza-Villarreal A, Moreno-Macias H, Escamilla-Nufnez C, Romieu 1.
[The effects of a rural environment on the prevalence of allergic rhinitis among
schoolchildren in Mexicali, Baja California, Mexico]. Rev. Panam. Salud Publica 2009
May;25(5):431-437.

Smit LAM, Heederik D, Dockes G, Lammers J-WJ, Wouters IM. Occupational
endotoxin exposure reduces the risk of atopic sensitization but increases the risk of
bronchial hyperresponsiveness. Int. Arch. Allergy Immunol 2010;152(2):151-158.

Eriksson J, Ekerljung L, Lotvall J, Pullerits T, Wennergren G, Ronmark E, Torén K,
Lundbéck B. Growing up on a farm leads to lifelong protection against allergic rhinitis.
Allergy 2010 Nov;65(11):1397-1403.

Motika CA, Papachristou C, Abney M, Lester LA, Ober C. Rising prevalence of
asthma is sex-specific in a US farming population [Internet]. J Allergy Clin Immunol
2011 Aug;[cited 2011 Sep 3] Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21840584

von Mutius E, Vercelli D. Farm living: effects on childhood asthma and allergy. Nat.
Rev. Immunol 2010 Dec;10(12):861-868.

Johnson CC, Alford SH. Do animals on the farm and in the home reduce the risk of
pediatric atopy? Curr Opin Allergy Clin Immunol 2002 Apr;2(2):133-139.

Braun-Fahrlédnder C. The role of the farm environment and animal contact for the
development of asthma and allergies. Clin. Exp. Allergy 2001 Dec;31(12):1799-1803.

von Mutius E. Asthma and allergies in rural areas of Europe. Proc Am Thorac Soc
2007 Jul;4(3):212-216.

von Mutius E, Radon K. Living on a farm: impact on asthma induction and clinical
course. Immunol Allergy Clin North Am 2008 Aug;28(3):631-647, ix-x.

Naleway AL. Asthma and atopy in rural children: is farming protective? Clin Med Res
2004 Feb;2(1):5-12.

von Mutius E. The environmental predictors of allergic disease. J. Allergy Clin.
Immunol 2000 Jan;105(1 Pt 1):9-19.

von Mutius E. [A traditional farming environment--a prophylactic factor against
allergies]. Dtsch. Med. Wochenschr 2000 Aug;125(31-32):923.

Von Essen S. The role of farm exposures in occupational asthma and allergy. Curr
Opin Allergy Clin Immunol 2001 Apr;1(2):151-156.

Wiithrich B. [Epidemiology of allergies in Switzerland]. Ther Umsch 2001
May;58(5):253-258.

Matricardi PM, Ronchetti R. Are infections protecting from atopy? Curr Opin Allergy
Clin Immunol 2001 Oct;1(5):413-419.

Brabéck L. Does farming provide protection from asthma and allergies? Acta Paediatr
2002;91(11):1147-1149.



467
468

469
470

471

472
473

474
475

476
477

478
479

480
481

482
483
484

485
486

487
488

489
490
491

492
493
494
495

496

497
498

499
500

501
502
503

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Omland @. Exposure and respiratory health in farming in temperate zones--a review of
the literature. Ann Agric Environ Med 2002;9(2):119-136.

Douwes J, Pearce N, Heederik D. Does environmental endotoxin exposure prevent
asthma? Thorax 2002 Jan;57(1):86-90.

Maziak W. Asthma and farming. Lancet 2002 Feb;359(9306):623-624.

von Mutius E. Environmental factors influencing the development and progression of
pediatric asthma. J. Allergy Clin. Immunol 2002 Jun;109(6 Suppl):S525-532.

Tang MLK. Is prevention of childhood asthma possible? Allergens, infections and
animals. Med. J. Aust 2002 Sep;177 Suppl:S75-77.

Crane J. Asthma and allergic diseases: is there a downside to cleanliness and can we
exploit it? Eur J Clin Nutr 2002 Dec;56 Suppl 4:S39-43.

Peden DB. Influences on the development of allergy and asthma. Toxicology 2002
Dec;181-182:323-328.

Kurz H, Riedler J. [An increase in allergic diseases in childhood--current hypotheses
and possible prevention]. Wien Med Wochenschr 2003;153(3-4):50-58.

Boulay M-E, Boulet L-P. The relationships between atopy, rhinitis and asthma:
pathophysiological considerations. Curr Opin Allergy Clin Immunol 2003 Feb;3(1):51-
55.

Liu AH, Murphy JR. Hygiene hypothesis: fact or fiction? J. Allergy Clin. Immunol
2003 Mar;111(3):471-478.

Braun-Fahrldnder C, Lauener R. Farming and protective agents against allergy and
asthma. Clin. Exp. Allergy 2003 Apr;33(4):409-411.

Braun-Fahrldnder C. Environmental exposure to endotoxin and other microbial
products and the decreased risk of childhood atopy: evaluating developments since
April 2002. Curr Opin Allergy Clin Immunol 2003 Oct;3(5):325-329.

Bornehag C-G, Sundell J, Sigsgaard T. Dampness in buildings and health (DBH):
Report from an ongoing epidemiological investigation on the association between
indoor environmental factors and health effects among children in Sweden. Indoor Air
2004;14 Suppl 7:59-66.

Kaiser HB. Risk factors in allergy/asthma. Allergy Asthma Proc 2004 Feb;25(1):7-10.

Kabesch M, Lauener RP. Why Old McDonald had a farm but no allergies: genes,
environments, and the hygiene hypothesis. J. Leukoc. Biol 2004 Mar;75(3):383-387.

Gold DR, Wright R. Population disparities in asthma. Annu Rev Public Health
2005;26:89-113.

Platts-Mills TAE, Erwin E, Heymann P, Woodfolk J. Is the hygiene hypothesis still a
viable explanation for the increased prevalence of asthma? Allergy 2005;60 Suppl
79:25-31.



504
505

506
507

508

509
510

511
512
513

514
515

516
517

518
519
520
521

522
523

524
525
526

527
528

529
530

531
532
533

534
535

536
537

538
539
540

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

Becker AB. Primary prevention of allergy and asthma is possible. Clin Rev Allergy
Immunol 2005 Feb;28(1):5-16.

Le Souéf PN. Can asthma be predicted from an early age? Curr Opin Allergy Clin
Immunol 2005 Feb;5(1):71-75.

Schenker MB. Farming and asthma. Occup Environ Med 2005 Apr;62(4):211-212.

Mastrangelo G, Grange JM, Lange JH. Protection in the (farm) dust. Int. J. Tuberc.
Lung Dis 2005 Oct;9(10):1178.

Wong GWK, von Mutius E, Douwes J, Pearce N. Environmental determinants
associated with the development of asthma in childhood. Int. J. Tuberc. Lung Dis 2006
Mar;10(3):242-251.

Wong GWK, Chow CM. Childhood asthma epidemiology: insights from comparative
studies of rural and urban populations. Pediatr. Pulmonol 2008 Feb;43(2):107-116.

Svanes C. What has the ECRHS told us about the childhood risks of asthma, allergy
and lung function? Clin Respir J 2008 Oct;2 Suppl 1:34-44.

von Hertzen LC, Savolainen J, Hannuksela M, Klaukka T, Lauerma A, Mikeld MJ,
Pekkanen J, Pietinalho A, Vaarala O, Valovirta E, Vartiainen E, Haahtela T. Scientific
rationale for the Finnish Allergy Programme 2008-2018: emphasis on prevention and
endorsing tolerance. Allergy 2009 May;64(5):678-701.

Valet RS, Perry TT, Hartert TV. Rural health disparities in asthma care and outcomes.
J. Allergy Clin. Immunol 2009 Jun;123(6):1220-1225.

von Mutius E. 99th Dahlem conference on infection, inflammation and chronic
inflammatory disorders: farm lifestyles and the hygiene hypothesis. Clin. Exp.
Immunol 2010 Apr;160(1):130-135.

Chen Y, Blaser MJ. Farm microbiome and childhood asthma. N. Engl. J. Med 2011
May;364(20):1972-1973; author reply 1973.

Gurwitz D, Lunshof JE. Farm microbiome and childhood asthma. N. Engl. J. Med 2011
May;364(20):1972; author reply 1973.

Douwes J, Brooks C, Pearce N. Protective effects of farming on allergies and asthma:
have we learnt anything since 1873? Expert Rev Clin Immunol 2009 May;5(3):213-
219.

Braun-Fahrldnder C, von Mutius E. Can farm milk consumption prevent allergic
diseases? Clin. Exp. Allergy 2011 Jan;41(1):29-35.

Liu AH. Something old, something new: indoor endotoxin, allergens and asthma.
Paediatr Respir Rev 2004;5 Suppl A:S65-71.

Schlaud M, Salje A, Nischan P, Behrendt W, Griiger J, Schifer T, Schwartz FW.
[MORBUS: the Sentinel Practice Network. Report on a study in South Oldenbury].
DTW. Dtsch. Tierarztl. Wochenschr 1998 Jun;105(6):235-240.



541
542
543

544
545

546
547
548
549
550

551
552
553

554
555
556
557

558
559
560
561

562
563
564

565
566
567

568
569
570

571
572
573

574
575
576
577

578
579
580

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Salam MT, Li Y-F, Langholz B, Gilliland FD. Early-life environmental risk factors for
asthma: findings from the Children’s Health Study. Environ. Health Perspect 2004
May;112(6):760-765.

Elliott L, Yeatts K, Loomis D. Ecological associations between asthma prevalence and
potential exposure to farming. Eur. Respir. J 2004 Dec;24(6):938-941.

Del-Rio-Navarro B, Berber A, Blandon-Vijil V, Ramirez-Aguilar M, Romieu I,
Ramirez-Chanona N, Heras-Acevedo S, Serrano-Sierra A, Barraza-Villareal A, Baeza-
Bacab M, Sienra-Monge JJL. Identification of asthma risk factors in Mexico City in an
International Study of Asthma and Allergy in Childhood survey. Allergy Asthma Proc
2006 Aug;27(4):325-333.

Viinanen A, Munhbayarlah S, Zevgee T, Narantsetseg L, Naidansuren T, Koskenvuo
M, Helenius H, Terho EO. The protective effect of rural living against atopy in
Mongolia. Allergy 2007 Mar;62(3):272-280.

Priftis KN, Anthracopoulos MB, Nikolaou-Papanagiotou A, Matziou V, Mantziou V,
Paliatsos AG, Tzavelas G, Nicolaidou P, Mantzouranis E. Increased sensitization in

urban vs. rural environment--rural protection or an urban living effect? Pediatr Allergy
Immunol 2007 May;18(3):209-216.

Smit LAM, Bongers SIM, Ruven HJT, Rijkers GT, Wouters IM, Heederik D, Omland
@, Sigsgaard T. Atopy and new-onset asthma in young Danish farmers and CD14,

TLR2, and TLR4 genetic polymorphisms: a nested case-control study. Clin. Exp.
Allergy 2007 Nov;37(11):1602-1608.

Hugg TT, Jaakkola MS, Ruotsalainen R, Pushkarev V, Jaakkola JJK. Exposure to
animals and the risk of allergic asthma: a population-based cross-sectional study in
Finnish and Russian children. Environ Health 2008;7:28.

Farthing P, Rennie D, Pahwa P, Janzen B, Dosman J. The association between farming
activities and respiratory health in rural school age children. J Agromedicine
2009;14(2):256-262.

Kramer MS, Matush L, Bogdanovich N, Dahhou M, Platt RW, Mazer B. The low
prevalence of allergic disease in Eastern Europe: are risk factors consistent with the
hygiene hypothesis? Clin. Exp. Allergy 2009 May;39(5):708-716.

Ma Y, Zhao J, Han ZR, Chen Y, Leung TF, Wong GWK. Very low prevalence of
asthma and allergies in schoolchildren from rural Beijing, China. Pediatr. Pulmonol
2009 Aug;44(8):793-799.

Batllés-Garrido J, Torres-Borrego J, Rubi-Ruiz T, Bonillo-Perales A, Gonzalez-
Jiménez Y, Momblan De Cabo J, Aguirre-Rodriguez J, Losillas-Maldonado A, Torres-
Daza M. Prevalence and factors linked to atopy in 10-and 11-year-old children in
Almeria, Spain. Allergol Immunopathol (Madr) 2010 Feb;38(1):13-19.

Boneberger A, Haider D, Baer J, Kausel L, Von Kries R, Kabesch M, Radon K, Calvo
M. Environmental risk factors in the first year of life and childhood asthma in the
Central South of Chile. J Asthma 2011 Jun;48(5):464-469.[cited 2011 Sep 6 ]



581
582
583
584

585
586
587

588
589
590

591
592

593
594
595

596
597
598

599
600
601

602
603
604

605
606
607
608

609
610

611
612

613
614

615
616
617

618
619
620

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

I11.

112.

Pallasaho P, Juusela M, Lindqvist A, Sovijarvi A, Lundbiack B, Ronmark E. Allergic
rhinoconjunctivitis doubles the risk for incident asthma - Results from a population
study in Helsinki, Finland. Respir Med 2011 Oct;105(10):1449-1456.[cited 2011 Sep 8

]

Asher MI, Keil U, Anderson HR, Beasley R, Crane J, Martinez F, Mitchell EA, Pearce
N, Sibbald B, Stewart AW. International Study of Asthma and Allergies in Childhood
(ISAAC): rationale and methods. Eur. Respir. J 1995 Mar;8(3):483-491.

Asher MI, Weiland SK. The International Study of Asthma and Allergies in Childhood
(ISAAC). ISAAC Steering Committee. Clin. Exp. Allergy 1998 Nov;28 Suppl 5:52-66;
discussion 90-91.

Burney PG, Luczynska C, Chinn S, Jarvis D. The European Community Respiratory
Health Survey. Eur. Respir. J 1994 May;7(5):954-960.[cited 2011 Sep 3 ]

Variations in the prevalence of respiratory symptoms, self-reported asthma attacks, and
use of asthma medication in the European Community Respiratory Health Survey
(ECRHS). Eur. Respir. J 1996 Apr;9(4):687-695.

Douwes J, Travier N, Huang K, Cheng S, McKenzie J, Le Gros G, von Mutius E,
Pearce N. Lifelong farm exposure may strongly reduce the risk of asthma in adults.
Allergy 2007 Oct;62(10):1158-1165.

Douwes J, Cheng S, Travier N, Cohet C, Niesink A, McKenzie J, Cunningham C, Le
Gros G, von Mutius E, Pearce N. Farm exposure in utero may protect against asthma,
hay fever and eczema. Eur. Respir. J 2008 Sep;32(3):603-611.

Smit LAM, Heederik D, Doekes G, Blom C, van Zweden I, Wouters IM. Exposure-
response analysis of allergy and respiratory symptoms in endotoxin-exposed adults.
Eur. Respir. J 2008 Jun;31(6):1241-1248.

Varraso R, Oryszczyn MP, Mathieu N, Le Moual N, Boutron-Ruault MC, Clavel-
Chapelon F, Romieu I, Kauffmann F. Farming in childhood, diet in adulthood and
asthma history [Internet]. Eur Respir J 2011 Jun;[cited 2011 Aug 29] Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21659411

Kilpeldinen M, Terho EO, Helenius H, Koskenvuo M. Farm environment in childhood
prevents the development of allergies. Clin. Exp. Allergy 2000 Feb;30(2):201-208.

Kilpeldinen M, Terho EO, Helenius H, Koskenvuo M. Childhood farm environment
and asthma and sensitization in young adulthood. Allergy 2002 Dec;57(12):1130-1135.

Pekkanen J, Xu B, Jarvelin MR. Gestational age and occurrence of atopy at age 31--a
prospective birth cohort study in Finland. Clin. Exp. Allergy 2001 Jan;31(1):95-102.

Lampi J, Canoy D, Jarvis D, Hartikainen A-L, Keski-Nisula L, Jarvelin M-R, Pekkanen
J. Farming environment and prevalence of atopy at age 31: prospective birth cohort
study in Finland. Clin. Exp. Allergy 2011 Jul;41(7):987-993.[cited 2011 Aug 29 ]

Downs SH, Marks GB, Mitakakis TZ, Léuppi JD, Car NG, Peat JK. Having lived on a
farm and protection against allergic diseases in Australia. Clin. Exp. Allergy 2001
Apr;31(4):570-575.



621
622
623

624
625
626
627

628
629
630

631
632
633

634
635
636

637
638

639
640
641
642
643

644
645
646
647

648
649
650
651

652
653
654
655
656

657
658
659
660
661

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Riedler J, Braun-Fahrlinder C, Eder W, Schreuer M, Waser M, Maisch S, Carr D,
Schierl R, Nowak D, von Mutius E. Exposure to farming in early life and development
of asthma and allergy: a cross-sectional survey. Lancet 2001 Oct;358(9288):1129-1133.

Braun-Fahrlander C, Riedler J, Herz U, Eder W, Waser M, Grize L, Maisch S, Carr D,
Gerlach F, Bufe A, Lauener RP, Schierl R, Renz H, Nowak D, von Mutius E.

Environmental exposure to endotoxin and its relation to asthma in school-age children.
N. Engl. J. Med 2002 Sep;347(12):869-877.

Eder W, Klimecki W, Yu L, von Mutius E, Riedler J, Braun-Fahrlander C, Nowak D,
Holst O, Martinez FD. Association between exposure to farming, allergies and genetic
variation in CARD4/NODI. Allergy 2006 Sep;61(9):1117-1124.

Leynaert B, Neukirch C, Jarvis D, Chinn S, Burney P, Neukirch F. Does living on a
farm during childhood protect against asthma, allergic rhinitis, and atopy in adulthood?
Am. J. Respir. Crit. Care Med 2001 Nov;164(10 Pt 1):1829-1834.

Leynaert B, Guilloud-Bataille M, Soussan D, Benessiano J, Guénégou A, Pin I,
Neukirch F. Association between farm exposure and atopy, according to the CD14 C-
159T polymorphism. J. Allergy Clin. Immunol 2006 Sep;118(3):658-665.

The European Community Respiratory Health Survey II. Eur. Respir. J 2002
Nov;20(5):1071-1079.[cited 2011 Sep 3 |

Alfvén T, Braun-Fahrlinder C, Brunekreef B, von Mutius E, Riedler J, Scheynius A,
van Hage M, Wickman M, Benz MR, Budde J, Michels KB, Schram D, Ublagger E,
Waser M, Pershagen G. Allergic diseases and atopic sensitization in children related to
farming and anthroposophic lifestyle--the PARSIFAL study. Allergy 2006
Apr;61(4):414-421.

Ege MJ, Frei R, Bieli C, Schram-Bijkerk D, Waser M, Benz MR, Weiss G, Nyberg F,
van Hage M, Pershagen G, Brunekreef B, Riedler J, Lauener R, Braun-Fahrlinder C,

von Mutius E. Not all farming environments protect against the development of asthma
and wheeze in children. J. Allergy Clin. Immunol 2007 May;119(5):1140-1147.

Waser M, Michels KB, Bieli C, Floistrup H, Pershagen G, von Mutius E, Ege M,
Riedler J, Schram-Bijkerk D, Brunekreef B, van Hage M, Lauener R, Braun-Fahrlidnder
C. Inverse association of farm milk consumption with asthma and allergy in rural and
suburban populations across Europe. Clin. Exp. Allergy 2007 May;37(5):661-670.

Bruce S, Nyberg F, Melén E, James A, Pulkkinen V, Orsmark-Pietras C, Bergstrom A,
Dahlén B, Wickman M, von Mutius E, Doekes G, Lauener R, Riedler J, Eder W, van
Hage M, Pershagen G, Scheynius A, Kere J. The protective effect of farm animal
exposure on childhood allergy is modified by NPSR1 polymorphisms. J. Med. Genet
2009 Mar;46(3):159-167.

Ege MJ, Strachan DP, Cookson WOCM, Moffatt MF, Gut I, Lathrop M, Kabesch M,
Genuneit J, Biichele G, Sozanska B, Boznanski A, Cullinan P, Horak E, Bieli C, Braun-
Fahrlander C, Heederik D, von Mutius E. Gene-environment interaction for childhood

asthma and exposure to farming in Central Europe. J. Allergy Clin. Immunol 2011
Jan;127(1):138-144, 144.e1-4.



662
663
664

665
666
667
668
669

670
671
672
673

674
675
676

677
678
679
680
681

682
683
684

685
686
687

688
689

690
691
692
693

694
695

696
697
698

699
700
701

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Ege MJ, Mayer M, Normand A-C, Genuneit J, Cookson WOCM, Braun-Fahrldnder C,
Heederik D, Piarroux R, von Mutius E. Exposure to environmental microorganisms and
childhood asthma. N. Engl. J. Med 2011 Feb;364(8):701-709.

Loss G, Apprich S, Waser M, Kneifel W, Genuneit J, Biichele G, Weber J, Sozanska B,
Danielewicz H, Horak E, van Neerven RJJ, Heederik D, Lorenzen PC, von Mutius E,
Braun-Fahrlidnder C. The protective effect of farm milk consumption on childhood
asthma and atopy: The GABRIELA study. J. Allergy Clin. Immunol. 2011
Oct;128(4):766-773.e4.[cited 2011 Oct 24 ]

Genuneit J, Biichele G, Waser M, Kovacs K, Debinska A, Boznanski A, Strunz-Lehner
C, Horak E, Cullinan P, Heederik D, Braun-Fahrlinder C, von Mutius E. The

GABRIEL Advanced Surveys: study design, participation and evaluation of bias.
Paediatr Perinat Epidemiol 2011 Sep;25(5):436-447.[cited 2011 Aug 29 ]

Omland O, Hjort C, Pedersen OF, Miller MR, Sigsgaard T. New-onset asthma and the
effect of environment and occupation among farming and nonfarming rural subjects. J.
Allergy Clin. Immunol. 2011 Oct;128(4):761-765.[cited 2011 Oct 24 ]

Braun-Fahrlander C, Gassner M, Grize L, Neu U, Sennhauser FH, Varonier HS, Vuille
JC, Wiithrich B. Prevalence of hay fever and allergic sensitization in farmer’s children
and their peers living in the same rural community. SCARPOL team. Swiss Study on
Childhood Allergy and Respiratory Symptoms with Respect to Air Pollution. Clin.
Exp. Allergy 1999 Jan;29(1):28-34.

Riedler J, Eder W, Oberfeld G, Schreuer M. Austrian children living on a farm have
less hay fever, asthma and allergic sensitization. Clin. Exp. Allergy 2000
Feb;30(2):194-200.

Von Ehrenstein OS, Von Mutius E, Illi S, Baumann L, Bohm O, von Kries R. Reduced
risk of hay fever and asthma among children of farmers. Clin. Exp. Allergy 2000
Feb;30(2):187-193.

Ernst P, Cormier Y. Relative scarcity of asthma and atopy among rural adolescents
raised on a farm. Am. J. Respir. Crit. Care Med 2000 May;161(5):1563-1566.

Masley ML, Semchuk KM, Senthilselvan A, McDuffie HH, Hanke P, Dosman JA,
Cessna AJ, Crossley MF, Irvine DG, Rosenberg AM, Hagel LM. Health and
environment of rural families: results of a Community Canvass survey in the Prairie
Ecosystem Study (PECOS). J Agric Saf Health 2000 May;6(2):103-115.

Gassner-Bachmann M, Wiithrich B. [Farmers’ children suffer less from hay fever and
asthma]. Dtsch. Med. Wochenschr 2000 Aug;125(31-32):924-931.

Klintberg B, Berglund N, Lilja G, Wickman M, van Hage-Hamsten M. Fewer allergic
respiratory disorders among farmers’ children in a closed birth cohort from Sweden.
Eur. Respir. J 2001 Jun;17(6):1151-1157.

Remes ST, Pekkanen J, Soininen L, Kajosaari M, Husman T, Koivikko A. Does
heredity modify the association between farming and allergy in children? Acta Paediatr
2002;91(11):1163-1169.



702
703
704

705
706
707

708
709
710

711
712
713

714
715
716

717
718
719

720
721
722
723

724
725

726
727
728

729
730

731
732
733

734
735

736
737
738

739
740
741

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Wickens K, Lane JM, Fitzharris P, Siebers R, Riley G, Douwes J, Smith T, Crane J.
Farm residence and exposures and the risk of allergic diseases in New Zealand
children. Allergy 2002 Dec;57(12):1171-1179.

Brébiack L, Hjern A, Rasmussen F. Trends in asthma, allergic rhinitis and eczema
among Swedish conscripts from farming and non-farming environments. A nationwide
study over three decades. Clin. Exp. Allergy 2004 Jan;34(1):38-43.

Chrischilles E, Ahrens R, Kuehl A, Kelly K, Thorne P, Burmeister L, Merchant J.
Asthma prevalence and morbidity among rural Iowa schoolchildren. J. Allergy Clin.
Immunol 2004 Jan;113(1):66-71.

Chai SK, Nga NN, Checkoway H, Takaro TK, Redding GJ, Keifer MC, Trung LV,
Barnhart S. Comparison of local risk factors for children’s atopic symptoms in Hanoi,
Vietnam. Allergy 2004 Jun;59(6):637-644.

Adler A, Tager I, Quintero DR. Decreased prevalence of asthma among farm-reared
children compared with those who are rural but not farm-reared. J. Allergy Clin.
Immunol 2005 Jan;115(1):67-73.

Remes ST, Koskela HO, livanainen K, Pekkanen J. Allergen-specific sensitization in
asthma and allergic diseases in children: the study on farmers’ and non-farmers’
children. Clin. Exp. Allergy 2005 Feb;35(2):160-166.

Merchant JA, Naleway AL, Svendsen ER, Kelly KM, Burmeister LF, Stromquist AM,
Taylor CD, Thorne PS, Reynolds SJ, Sanderson WT, Chrischilles EA. Asthma and
farm exposures in a cohort of rural Iowa children. Environ. Health Perspect 2005
Mar;113(3):350-356.

Brunner WM, Lindgren PG, Langner DM, Williams AN, Yawn BP. Asthma among
rural Minnesota adolescents. J Asthma 2005 Nov;42(9):787-792.

Perkin MR, Strachan DP. Which aspects of the farming lifestyle explain the inverse
association with childhood allergy? J. Allergy Clin. Immunol 2006 Jun;117(6):1374-
1381.

Sigurdarson ST, Kline JN. School proximity to concentrated animal feeding operations
and prevalence of asthma in students. Chest 2006 Jun;129(6):1486-1491.

Zekveld C, Bibakis I, Bibaki-Liakou V, Pedioti A, Dimitroulis I, Harris J, Newman
Taylor AJ, Cullinan P. The effects of farming and birth order on asthma and allergies.
Eur. Respir. J 2006 Jul;28(1):82-88.

Dimich-Ward H, Chow Y, Chung J, Trask C. Contact with livestock--a protective
effect against allergies and asthma? Clin. Exp. Allergy 2006 Sep;36(9):1122-1129.

Smit LAM, Zuurbier M, Doekes G, Wouters IM, Heederik D, Douwes J. Hay fever and
asthma symptoms in conventional and organic farmers in The Netherlands. Occup
Environ Med 2007 Feb;64(2):101-107.

Schulze A, van Strien RT, Praml G, Nowak D, Radon K. Characterisation of asthma
among adults with and without childhood farm contact. Eur. Respir. J 2007
Jun;29(6):1169-1173.



742
743
744

745
746
747
748

749
750
751

752
753
754

755
756
757

758

150.

151.

152.

153.

154.

Midodzi WK, Rowe BH, Majaesic CM, Senthilselvan A. Reduced risk of physician-
diagnosed asthma among children dwelling in a farming environment. Respirology
2007 Sep;12(5):692-699.

Kiechl-Kohlendorfer U, Horak E, Mueller W, Strobl R, Haberland C, Fink F-M,
Schwaiger M, Gutenberger K-H, Reich H, Meraner D, Kiechl S. Neonatal
characteristics and risk of atopic asthma in schoolchildren: results from a large
prospective birth-cohort study. Acta Paediatr 2007 Nov;96(11):1606-1610.

Lawson JA, Rennie DC, Senthilselvan A, McDuffie HH, Cockcroft DW. Occurrence of
new-onset wheeze in a 3-year follow-up study of schoolchildren. Ann. Allergy Asthma
Immunol 2007 Dec;99(6):502-508.

Hoppin JA, Umbach DM, London SJ, Henneberger PK, Kullman GJ, Alavanja MCR,
Sandler DP. Pesticides and atopic and nonatopic asthma among farm women in the
Agricultural Health Study. Am. J. Respir. Crit. Care Med 2008 Jan;177(1):11-18.

Wennergren G, Ekerljung L, Alm B, Eriksson J, Lotvall J, Lundbick B. Asthma in late
adolescence--farm childhood is protective and the prevalence increase has levelled off.
Pediatr Allergy Immunol 2010 Aug;21(5):806-813.



	20120525-GenuneitJ.pdf
	PAI_1312_sm_Supplementmaterial.pdf

