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Clinical and Summary

. Background Dietary interventions as a means for atopy prevention attract great interest. Some
EXpe rimen ta I studies in rural environments claimed an inverse association between consumption of farm-
AI I er gy produced dairy products and the prevalence of allergic diseases, but current evidence is
controversial.

Objective To investigate whether consumption of farm-produced products is associated with a
lower prevalence of asthma and allergy when compared with shop-purchased products.
Methods Cross sectional multi-centre study (PARSIFAL) including 14 893 children aged 5-13
years from five European countries (2823 from farm families and 4606 attending Steiner
Schools as well as 5440 farm reference and 2024 Steiner reference children). A detailed
questionnaire including a dietary component was completed and allergen-specific IgE was
measured in serum.
Results Farm milk consumption ever in life showed a statistically significant inverse
association with asthma: covariate adjusted odds ratio (aOR) 0.74 [95% confidence interval
(CI) 0.61-0.88], rhinoconjunctivitis: aOR 0.56 (0.43-0.73) and sensitization to pollen and the
food mix fx5 (cut-off level of >3.5kU/L): aOR 0.67 (0.47-0.96) and aOR 0.42 (0.19-0.92),
respectively, and sensitization to horse dander: aOR 0.50 (95% CI 0.28-0.87). The associations
were observed in all four subpopulations and independent of farm-related co-exposures.
Other farm-produced products were not independently related to any allergy-related health
outcome.
Conclusion Our results indicate that consumption of farm milk may offer protection against
asthma and allergy. A deepened understanding of the relevant protective components of farm
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Introduction

The role of dietary factors in the development of asthma
and atopy is still controversial. It has been postulated that
the decrease in vegetable consumption and a shift from
animal to vegetable fats has contributed to the increase in
asthma and allergic diseases over the last decades [1, 2].
Several studies reported positive associations between
elevated margarine consumption and childhood atopy risk
[3, 4], while studies in rural environments reported an
inverse association between consumption of farm-pro-
duced dairy products such as yogurt and farm milk and
the prevalence of atopy [5-8], allergic rhinitis [5, 8, 9],
asthma [5], and atopic dermatitis [8, 9]. However, in a
Finnish study among farm and non-farm children, no effect
of dairy product consumption and atopy was observed, but
regular intake of fresh vegetables, predominantly when
grown in the own garden, significantly reduced the risk of
atopic sensitization [10]. Thus, current evidence of the
relation between farm-produced products and the preva-
lence of allergic disease is controversial and mechanisms
underlying the observed associations are unknown. Experi-
ments demonstrating a beneficial effect of adding apatho-
genic bacteria (probiotics) to children’s diet as a means of
preventing atopic dermatitis have [11, 12], however, stimu-
lated the interest in a possible role of microbes associated
with the consumption of farm-produced foods.

The large European PARSIFAL study (Prevention of
allergy risk factors for sensitization in children related to
farming and anthroposophic lifestyle) offered the oppor-
tunity to examine specifically the relation between self- or
farm-produced products and the prevalence of asthma and
allergic diseases in more than 14 000 school-aged children
[13]. The study included farm children, children from
Rudolf Steiner schools (families with an anthroposophic
lifestyle), and reference children from rural and sub-urban
areas. The anthroposophic lifestyle includes factors like a
restrictive use of antibiotics, antipyretics, and vaccina-
tions, and often a biodynamic diet. An earlier study
conducted in an anthroposophic community in Sweden
showed a lower prevalence of childhood allergy [14].

The present analyses of the PARSIFAL study specifically
addressed the question of whether, first, consumption of
self- or farm-produced products, especially farm milk is
associated with a lower prevalence of asthma, allergic
diseases, and atopic sensitization when compared with
shop-purchased products, and second, whether these
associations are limited to children from rural environ-
ments or explained by other concurrent farm exposures.

Methods

Study population

Within the PARSIFAL study, children aged 5-13 years,
from farm families or attending Rudolf Steiner schools,

were compared with children from rural non-farming
environments (reference for the farm children) and with
children from (sub)urban environments attending State
schools (reference for the Steiner school children) in
Austria, Germany, the Netherlands, Sweden, and Switzer-
land. Children in Steiner schools often come from families
with an anthroposophic lifestyle, which includes a holistic
approach to life, education, and medicine. The details of
the study design are described elsewhere [13]. In brief, a
total of 15137 (70% participation rate) parents’ completed
questionnaires were collected. Two hundred and forty-
four questionnaires were excluded because children were
outside the age limits or main information was missing,
leaving 14893 children for the analyses. In all, 8788
children gave consent for blood sampling and of these
4854 were invited for blood sampling [all children from
Austria (806), the Netherlands (691), and Sweden (944)
and a random sample of children from Germany (1548)
and Switzerland (865) due to the comparatively large
number of recruited children]. Four thousand and forty-
nine (83.4%) children provided a blood sample and 3979
samples yielded a sufficient volume for allergen-specific
IgE measurements. The study was approved by local
research ethics committees in each country and informed
consent was obtained from the parents of each child.

Parents’ questionnaire

The dietary component of the PARSIFAL questionnaire
included questions on the frequency of current average
consumption of self-produced or directly purchased on a
farm- and store-purchased foods. These foods included
milk, butter, and other dairy products as well as margar-
ine, eggs, meat, vegetables, and fruits. Response options
were restricted to four categories: never, less than once per
week, one to six times per week, or once a day or more.

Validity and reproducibility were assessed with 24-h
recalls performed as telephone interviews of 493 ran-
domly selected participants from all involved study
groups and study areas. The validity for foods consumed
with high frequency such as milk, vegetables, and fruits
was the highest (positive predictive value above 60%, and
negative predictive value above 80%). The reproducibility
of reported consumption of milk during the first year of
life was concordant among 71% of participants for store-
purchased milk and 85% for farm-produced milk. No
significant differences were found in the validity of
responses between the five countries participating or
between the four groups of children.

Besides the dietary component, the parental question-
naire included questions on socio-demographic back-
ground, parents’ atopic diseases, food avoidance due to
allergies in the family, breastfeeding, and the child’s height
and weight. In addition, information on the child’s farm
activities as well as the mother’s farm exposures during
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pregnancy was available. A child who lived on a farm and
whose family ran the farm was coded as being a farm child.

The prevalence of diseases and symptoms were assessed
by questions of the validated and translated International
Study of Asthma and Allergies in Childhood (ISAAC) [15].
Children ever diagnosed with asthma, or obstructive bron-
chitis more than once, were considered to have a doctor’s
diagnosis of asthma. Current wheezing was defined as
having wheezing at least once during the past 12 months.
In a subsample of the PARSIFAL study questionnaire,
responses on asthma and current wheeze have been
validated against a bronchial challenge with hypertonic
saline and no significant differences in validity were
found between the four study groups [16].

Children diagnosed with hayfever and whoever had the
symptoms of hayfever, were considered to have a doctor’s
diagnosis of rhinoconjunctivitis. Current rhinoconjuncti-
vitis symptoms were defined as sneezing, runny nose,
nasal block-up, and itchy eyes during the past 12 months,
without having a cold at the same time.

Children with an intermittent itchy rash lasting at least
6 months and who had been diagnosed with atopic/
allergic eczema were considered to have a doctor’s diag-
nosis of atopic eczema. Current atopic eczema symptoms
was considered present if the child had ever had an itchy
rash intermittently for at least 6 months and, in addition,
reported an itchy rash in defined locations (bend of the
arm/knee, backside of thighs, neck, and around eyes/ears)
at any time during the last 12 months.

Allergen-specific immunoglobulin E measurements

All samples were screened with a mix of common inhalant
allergens (Phadiatop: birch, timothy, mugwort, Dermato-
phagoides pteronyssinus and farinae, cat, dog and hose
epithelium and Cladosporium herbarum) and a mix of
common food allergens (fx5: egg white, milk, fish, wheat,
peanut, soya bean) (Pharmacia CAP System; Pharmacia
Diagnostics AB, Uppsala, Sweden). Sera that were scored
positive in Phadiatop were further analysed separately
against Dermatophagoides pteronyssinus (house dust
mite) and Lepidoglyphus destructor (storage mite), a mix
of grass pollen, a mix of tree pollen, cat, and horse
epithelium. All analyses were performed centrally at the
Department of Clinical Immunology (Karolinska Univer-
sity Hospital, Stockholm, Sweden). Atopic sensitization
was defined as allergen-specific IgE >0.35kU/L. In addi-
tion, a cut-off value of 3.5kU/L was also considered for
the analyses. Pollen sensitization was defined as positive
grass pollen mix and/or positive tree pollen mix.

Statistics

y? Statistics were used to evaluate differences in dietary
habits between farm children and farm reference children

as well as between Steiner school children and their
reference group. Consumption of products from self-
production or directly purchased on a farm was compared
with shop-purchased products.

Logistic regression analyses were performed to calcu-
late adjusted odds ratios (aOR) of the association between
asthma or allergy outcomes and farm-produced foods.
Multivariate models evaluating the effect of each food
item on allergy outcomes were adjusted for predefined
covariates including study group (farm children, Steiner
school children, and the respective reference groups),
country, sex, age, mother’s and father’s reported asthma
and/or hayfever, parents’ education, maternal smoking
during pregnancy, current environmental smoking at
home, older siblings, exclusive breastfeeding > 4 months,
BMI, and food avoidance due to familial asthma and/or
allergy. In a second step, models were mutually adjusted
for all food items.

We also calculated stratified estimates for the four
study groups. The degree of heterogeneity of the stratum-
specific ORs across study groups was evaluated using
standard meta-analytic techniques [17]. In models exam-
ining the association between farm milk consumption
and health outcomes, the timing of consumption (only
in the first year of life, only at present, both in the
first year of life, and at present), and relevant concomitant
farm exposures such as frequency of the child’s cur-
rent visits to animal sheds (less or more than once a week)
were additionally tested. In a sensitivity analysis, we
also tested whether the effect of farm milk consump-
tion varied across individual countries. Stability of effect
estimates was examined by removing each country, one at
a time.

To assess the possible influence of allergy-related
changes in dietary habits, the respective question was
included in all regression models. For the final analyses,
we excluded the 469 non-milk-drinking children to avoid
potential primary milk avoidance due to allergy-related
symptoms at younger ages. Statistical analyses were
performed using STATA (version 8.2, Stata Corp LP,
College Station, TX, USA).

Results

Table 1 shows the distribution of children’s consumption
of selected farm-produced or shop-purchased foods across
study groups. Although the consumption of farm milk and
of self-produced products was most common among farm
children, relevant proportions of all other study groups
also ate and drank these products.

Table 2 gives the results of the multivariate analyses
evaluating the effect of each individual farm-produced
food on asthma and allergy adjusting for the predefined
covariates (left side). A significant inverse association
with a doctor’s diagnosed asthma was observed for all
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Table 1. Consumption of selected foods according to the study group

Farm children

Farm reference

RSS children RSS reference

(%) (n=2823) (%) (n=5440) P-value®* (%) (n=4606) (%) (n=2024)  P-value®
Milk consumption
Never 5.1 2.8 3.2 1.4
Shop milk 28.1 77.3 65.7 90.5
Farm milk (ever) 66.8 19.9 < 0.001 31.1 8.1 < 0.001
Only in the first year of life 6.1 8.3 16.8 3.7
Only at present 8.9 5.2 6.1 2.8
Both in the first year and at present 51.9 6.3 < 0.001 8.2 1.7 < 0.001
Butter consumption
No margarine and no butter 3.0 4.5 3.6 5.4
Shop-purchased butter only 52.6 75.4 80.4 78.8
Margarine (exclusively) 5.0 6.2 4.0 7.4
Butter from farm milk (any) 39.4 14.0 < 0.001 12.0 8.5 < 0.001
Yoghurt consumption
No 4.6 5.6 4.0 5.5
Shop purchased only 56.5 77.9 78.2 82.4
Self-produced or directly purchased on a farm 38.9 16.5 < 0.001 17.8 12.1 < 0.001
Egg consumption
No 3.7 5.7 4.0 6.1
Shop purchased only 27.8 55.4 70.3 75.3
Farm-produced or directly purchased on a farm 68.5 38.9 < 0.001 25.7 18.6 < 0.001
Vegetable or fruit consumption
No vegetables and no fruits 0.6 1.1 0.7 1.0
Shop purchased only 15.8 42.8 56.2 67.3
Self-produced or directly purchased on a farm 83.5 56.1 < 0.001 43.1 31.7 < 0.001
Food avoidance due to allergies in the family 4.9 8.8 < 0.001 17.6 10.3 < 0.001

*P-values are given for the comparison of farm children and Rudolf Steiner School (RSS) children vs. their respective reference groups.

farm-produced products except vegetables and fruits. In
addition, farm milk and egg consumption were inversely
related to diagnosed rhinoconjunctivitis. When simulta-
neous adjustment was made for all farm-produced foods
(right side), only consumption of farm milk remained
significantly and inversely associated with the prevalence
of diagnosed asthma, diagnosed rhinoconjunctivitis, and
current rhinoconjunctivitis symptoms. None of the food
items was significantly associated with atopic eczema and
current eczema symptoms.

Table 3 shows the association between farm milk con-
sumption and sensitization to aero and food allergens,
adjusted for predefined covariates and all farm-produced
foods. Using a cut-off level of 0.35kU/L, a significant
inverse association was found for a sensitization to horse
allergen, and associations for sensitization to pollen, cat
dander, and to the food mix fx5 tended to be negative,
whereas the association with house dust and storage mites
tended to be positive. When the more clinically relevant
cut-off level of >3.5kU/L was chosen, the negative
association with farm milk consumption became stronger
and statistically significant for pollen sensitization and
the food mix fx5.

The inverse relation between farm milk consumption
and the prevalence of diagnosed asthma, rhinoconjuncti-

vitis, and pollen sensitization was observed in all four
study groups without significant heterogeneity (Fig. 1).
Similarly, no significant heterogeneity of the effects
across study groups was observed for fx5 (p-heterogeneity
0.610) and horse dander (p-heterogeneity 0.465).

When the use of shop-purchased butter and the
consumption of butter made out of farm milk was
contrasted to margarine consumption, an inverse associa-
tion was seen between butter consumption and asthma
and wheeze even when simultaneously adjusted for farm
milk consumption. For asthma: aOR 0.80 (95% CI:
0.65-1.00), 0.62 (0.46-0.84) for shop-purchased and
farm-produced butter, respectively. For wheeze aOR 0.84
(0.65-1.06), 0.79 (0.57-1.08) for shop-purchased and
farm-produced butter, respectively. No significant asso-
ciations were observed for other allergy-related health
outcomes.

A strong and consistent inverse association was observed
for the prevalence of asthma, wheeze, rhinoconjunctivitis
(diagnosed and symptoms), pollen sensitization, and fx5 in
children who consumed farm milk since their first year of
life (Table 4). The inclusion of other relevant concomitant
farm activities in the multivariate regression model some-
what attenuated the effects and widened the confidence
intervals (CIs) (Table 4), but the estimated protective effect
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Table 3. Adjusted” odds ratios (95% CI) for farm milk consumption ever in life and sensitization against aero and food allergens

Sensitization
cut-off (kU/L)

Prevalence of
health outcomes?,
n (%) (N=3818)

Farm milk consumption
Reference category:
shop milk consumption only

Phadiatop >0.35
>3.5
Food mix fx5 >0.35
=35
Pollen >0.35
>3.5
House dust mite >0.35
>3.5
Storage mite’ >0.35
Cat dander® >0.35
Horse dander® >0.35

1,056 (28.1) 1.07 (0.86-1.32)
595 (16.0) 0.93 (0.71-1.22)
430 (11.4) 0.80 (0.59-1.07)

33(0.9) 0.42* (0.19-0.92)
702 (18.7) 0.80 (0.62-1.02)
348 (9.3) 0.67* (0.47-0.96)
574 (15.3) 1.24 (0.94-1.62)
368 (9.8) 1.35 (0.98-1.87)
168 (4.5) 1.22 (0.78-1.92)
267 (7.1) 0.86 (0.59-1.25)
130 (3.5) 0.50* (0.28-0.87)

*P-value < 0.05.

Adjusted for study group, country, sex, age, mother’s and father's reported asthma and/or hayfever, parent’s education, maternal smoking during
pregnancy, current environmental smoking at home, older siblings, exclusive breastfeeding > 4 months, BMI, food avoidance due to familial asthma

and/or allergy, and all other farm-produced foods in the table.

One hundred and sixty-one never milk drinkers were excluded from the analyses.
SDue to small numbers of sensitized children, only models with cut-off level 0.35kU/L were performed.

CI, confidence interval.

Dr’s diagnosis of asthma

Dr’s diagnosis of rhinoconjunctivitis

Pollen sensitisation cut-off > 3.5 kU/L

(a) (b) (©) -
Farm children - E] y & T [N
Farm reference ——E}:‘ . —B—— . E
Steiner school children - = 4 _3_ 4 L]
Steiner reference - g . — . D
p-heterogeneity 0.705 p-heterogeneity 0.593 p-heterogeneity 0.949
01 02 0.5 1 2 01 02 0.5 1 2 01 0.2 0.5 1 2

Fig. 1. (a-c) Forest plots of the association between asthma and allergy and consumption of farm milk ever for study groups using meta-analysis. The
horizontal lines correspond with the 95% confidence intervals for each study group, with the corresponding box area drawn proportional to the weight
for that group in the meta-analysis. The diamond represents the summary estimate. The P-value is given for the test of heterogeneity. Adjusted for
country, sex, age, mother’s and father's reported asthma and/or hayfever, parent’s education, maternal smoking during pregnancy, current

environmental smoking at home, older siblings, exclusive breastfeeding > 4 months, BMI, food avoidance due to familial asthma and/or allergy.

of farm milk consumption on asthma, rhinoconjunctivitis,
and fx5 remained statistically significant.

The effect of being a farm child on asthma [aOR 0.73
(0.59-0.91)], rhinoconjunctivitis [0.42 (0.28-0.62)], and
pollen sensitization [0.28 (0.19-0.40)] was only partially
explained by farm milk consumption: farm milk adjusted
effect of being a farm child on asthma [aOR 0.84
(0.67-1.06)], on rhinoconjunctivitis [aOR 0.55 (0.37-0.83)],
and on pollen sensitization [aOR 0.36 (0.24-0.54)].

We also examined whether the observed effect of farm
milk consumption was sensitive to the exclusion of
specific countries by rerunning the analyses with each
country being removed one at a time, but no relevant
changes were observed.

Discussion

The analyses of the large cross-sectional study PARSIFAL
give evidence of a significant inverse association between
farm milk consumption and childhood asthma, rhinocon-
Jjunctivitis, sensitization to pollen, a mix of food allergens,
and horse dander. Other farm-produced foods were not
independently related to asthma and allergy prevalence.
Of particular importance is the consistency of the findings
across children from farming, rural non-farming, anthro-
posophic, and (sub)urban environments indicating that
farm milk consumption represents a route of exposure
that is independent of concomitant exposures to microbial
compounds present in animal sheds and farm homes. The
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Additional adjustment for the child’s current visits to animal sheds

1

9805
2204

Shop milk consumption only (Reference category)

Farm milk in the first year and at present

0.68™ (0.48-0.94) 0.62 (0.37-1.04) 0.62* (0.42-0.91)

0.70 (0.45-1.07)

0.82 (0.61-1.10)

0.74™ (0.56-0.98)

*P-value < 0.05.

"Adjusted for study group, country, sex, age, mother’s and father’s reported asthma and/or hayfever, parent’s education, maternal smoking during pregnancy, current environmental smoking at home,

older siblings, exclusive breastfeeding > 4 months, BMI, food avoidance due to familial asthma and/or allergy.

OR, odds ratio; CI, confidence interval.

inverse association was not explained by concurrent farm
activities of the child or farm exposures during pregnancy
and was most pronounced in children drinking farm milk
since their first year of life.

The results of the PARSIFAL study thus confirm an
inverse association between farm milk consumption and
allergic health outcomes reported previously [5-9]. How-
ever, the specific allergic health outcomes associated with
farm milk consumption differ between studies. The strong
effect on asthma was only reported by the ALEX study,
which has been conducted in the same three alpine
countries as the PARSIFAL study, but in geographically
different and independent study populations [5]. Inverse
associations between farm milk consumption and allergic
rhinoconjunctivitis have been reported by the ALEX study
[5], a study in New Zealand [9], and a recent study in the
United Kingdom [8]. The ALEX study and surveys con-
ducted in Crete [7], Northern Germany [6], New Zealand
[9], and the United Kingdom [8] reported an inverse
association between farm milk consumption and atopy
whereas the PARSIFAL study observed an inverse associa-
tion with most tested allergens, but not mites. No associa-
tion between farm milk consumption and atopic
sensitization was reported by a study conducted among
rural children from Finland [10].

Allergen-specific differences in response to environ-
mental exposures have already been reported by a series
of farm studies that suggested a stronger association
between farm residency and pollen sensitization and no
or weak relations with mite sensitization [18-21]. How-
ever, other farm studies did not confirm these findings
[8, 22, 23]. To evaluate whether the allergen-specific
effects associated with farm milk consumption in the
PARSIFAL study represent so far unappreciated peculia-
rities in the biology of allergen/immune system interac-
tions deserves replication of these findings and further
investigations of potential mechanisms.

The studies conducted in the United Kingdom and New
Zealand reported strong and statistically significant in-
verse relations between farm or raw milk consumption
and atopic eczema that was not observed in the present
study. These contrasting findings may in part be explained
by the amount of control for food avoidance that differed
between the studies. Food avoidance due to a pre-existing
allergy may bias the results in cross-sectional analyses.
Eleven percent of the PARSIFAL population reported
avoiding certain foods due to an existing allergy in one
of the family members. Adjusting all regression models
for this variable only slightly attenuated the effect esti-
mates of farm milk consumption on asthma or rhinocon-
junctivitis. However, the association between farm milk
consumption and diagnosed eczema became non-signifi-
cant when adjustment was made for food avoidance
[diagnosed eczema without adjustment for food avoid-
ance (aOR 0.80, 95% CI 0.68-0.95), and current eczema
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symptoms (aOR 0.84, 95% CI 0.71-0.98), respectively].
When the study population was restricted to those without
food avoidance, no significant association between farm
milk consumption and diagnosed atopic eczema (aOR
0.90, 95% CI: 0.73-1.10) or current eczema symptoms
(aOR: 0.94, 95% CI 0.79-1.13) was observed. We also
excluded all non-milk-drinking children because this
group may have changed dietary habits due to allergy-
related skin or gastrointestinal problems early in life and
not report it as deliberate food avoidance. However, this
restriction had no strong impact on reported atopic
dermatitis or any other allergic health outcome.

At present, we can only speculate about the compo-
nents of farm milk responsible for the observed protective
effect. Farm milk possibly contains different levels or a
different composition of pathogenic and nonpathogenic
microbes compared with milk purchased in a shop. The
health effects of pathogens in raw milk such as salmonella
or enterohaemorrhagic Escherichia coli (EHEC) are well
recognized, and transmission of EHEC through unpasteur-
ized cow’s milk continues to cause serious health effects
[24]. It is conceivable that the microbial burden of farm
milk influences the gut microflora and thus the develop-
ment of oral tolerance [25, 26]. Recent animal experi-
ments have shown that colonization of germ-free mice
with polysaccharide-A-producing Bacteroides fragilis, a
ubiquitous gut microorganism and an important Gram-
negative anaerobe that colonizes the mammalian lower
gastrointestinal tract, restored normal cytokine produc-
tion and established a proper T-helper type 1 (Th1)/Th2
balance for the host [27]. Gut microflora may also regulate
immune responses outside the gut as has been evidenced
in recent animal experiments. Mice were treated with
antibiotics in drinking water, followed by a single oral
lavage of yeast (C. albicans) [28]. They developed altera-
tions of gastrointestinal bacterial populations and in-
creased yeast numbers in the gastrointestinal microbiota.
Subsequent intranasal exposure to mould spores led to an
allergic response in the airways that was not observed
when exposure occurred without prior alteration of the
gut microflora. These results indicate that events in distal
mucosal sites may play an important role in regulating
immune response in the airways. Commensal microorgan-
isms present in farm milk might therefore be responsible
for the decreased risk for respiratory allergies such as
asthma and hayfever.

The present study does not allow evaluating the effect
of pasteurized vs. raw milk consumption because no
objective confirmation of the raw milk status of the farm
milk samples was available. Parental answers to a ques-
tion on consumption of boiled vs. raw farm milk are likely
to be biased due to the social desirability of responses
because raw milk consumption is not recommended
especially for young children. About half of the parents
indicated that they usually did not boil the milk before

consumption but no differential effects were observed
between those boiling and those not boiling the milk. This
might be a result of biased parental answers or may
indicate that pasteurization is not of key importance
because compounds other than microbes may play a role.
This interpretation is supported by an analysis of Swiss
alpine farm milk from exclusively grass-fed cows showing
a higher content of omega-3 fatty acids than milk from
cows fed conserved grass such as silage [29]. The relative
concentrations of linolenic acid (18 : 3) and eicosapentae-
noic acid (20 : 5) and the ratio of eicosapentaenoic acid to
arachidonic acid (20 : 4) that is critical for the formation of
omega-3-derived eicosanoids were significantly higher in
milk from grass-fed cows and in cheese made from this
milk [29, 30]. Research into fatty acid effects on allergic
diseases has focused on the intake of omega-3 fatty acids
that is potentially beneficial, and of omega-6 and trans-
fatty acids which might be detrimental to asthma [31].
Elevated margarine consumption, which contributes to
the intake of omega-6 fatty acid and of trans-fatty acids
has been reported to increase childhood atopy risk in
several epidemiological studies [3, 32]. Other studies
indicated that full-fat milk and butter was associated with
a reduced risk of asthma in young children [33-35]. In the
present study, butter compared with margarine consump-
tion was associated with a lower risk for asthma support-
ing a possible role of fatty acid intake. Future analyses of
the farm milk compounds responsible for the beneficial
effect therefore have to include fatty acid profiles in
addition to microbial compounds.

Several limitations of the study have to be taken into
account. First, dietary assessment is based on a limited set
of variables that do not provide a complete representation
of the child’s diet. However, the primary aim of the present
analyses was to compare farm-produced vs. shop-pur-
chased products and their effect on allergic diseases and
not to evaluate the effect of diet per se. The validity and
reproducibility of the present dietary assessment has been
shown to be good especially for farm milk consumption.
Second, as no measurements of biological compounds of
farm milk or other farm-produced products are available,
the study reports associations and cannot provide an
insight into the mechanism underlying the observed
association between farm milk consumption and allergic
diseases. Third, as the underlying mechanism of the farm
milk effect is not known, the study does not allow to
elucidate why consumption of farm milk is associated
with different allergic health outcomes in different study
populations.

In conclusion, the results of the present study indicate
that consumption of farm milk is associated with a lower
risk of childhood asthma and rhinoconjunctivitis. These
results might be transferred to non-farming populations
as they were observed in all subpopulations of the
PARSIFAL study. Dietary interventions are an attractive
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means for primary prevention. However, raw milk may
contain pathogens such as salmonella or EHEC, and its
consumption may therefore imply serious health risks
[24]. A deepened understanding of the relevant ‘protec-
tive’ components of farm milk and a better insight into the
biological mechanisms underlying the reported epidemio-
logical observation are warranted as a basis for the
development of a safe product for prevention. At this
stage, consumption of raw farm milk cannot be recom-
mended as a preventive measure.
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