Increased food diversity in the first year of life is inversely
associated with allergic diseases
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Background: The role of dietary factors in the development of
allergies is a topic of debate, especially the potential associations
between infant feeding practices and allergic diseases.
Previously, we reported that increased food diversity introduced
during the first year of life reduced the risk of atopic dermatitis.
Objective: In this study we investigated the association between
the introduction of food during the first year of life and the
development of asthma, allergic rhinitis, food allergy, or atopic
sensitization, taking precautions to address reverse causality.
We further analyzed the association between food diversity and
gene expression of T-cell markers and of Ce germline transcript,
reflecting antibody isotype switching to IgE, measured at 6 years
of age.

Methods: Eight hundred fifty-six children who participated in a
birth cohort study, Protection Against Allergy Study in Rural
Environments/EFRAIM, were included. Feeding practices were
reported by parents in monthly diaries during the first year of
life. Data on environmental factors and allergic diseases were
collected from questionnaires administered from birth up to

6 years of age.

Results: An increased diversity of complementary food
introduced in the first year of life was inversely associated with
asthma with a dose-response effect (adjusted odds ratio with
each additional food item introduced, 0.74 [95% CI, 0.61-0.89]).
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A similar effect was observed for food allergy and food
sensitization. Furthermore, increased food diversity was
significantly associated with an increased expression of forkhead
box protein 3 and a decreased expression of Ce germline
transcript.

Conclusion: An increased diversity of food within the first year
of life might have a protective effect on asthma, food allergy,
and food sensitization and is associated with increased
expression of a marker for regulatory T cells. (J Allergy Clin
Immunol 2014;uEm:NEN-EEN,)
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Nutrition is an important environmental factor in early life that
influences the development of the child’s immune system. The
role of nutrition during infancy on the development of allergies
later in childhood remains controversial. Moreover, reverse
causality is always a matter of concern.

During the early postnatal period, the infant gut is first exposed
to different food antigens, and these exposures might influence
the development of immune tolerance. Mechanisms could
include the acquisition of the microbiota through the diet or
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Abbreviations used
Foxp3: Forkhead box protein 3
OR: Odds ratio
PASTURE: Protection Against Allergy Study in Rural Environments
T-bet: T-box transcription factor

diet-microbiota interactions.' It has been suggested that modern
changes in the postnatal environment, such as early dietary
exposure, might not optimally support induction of immune
tolerance because the incidence of allergic diseases during
the last decades shows a strong increase.* However, current
guidelines no longer recommend food allergen avoidance or
delaying introduction in the infant diet to prevent allergic
diseases because no clear benefit has been shown.” Recent studies
have suggested a protective effect of early introduction of
complementary food on allergic diseases, even though the
underlying mechanism on the maturation of the mucosal
immune system remains unknown.”'? However, it is widely
accepted that oral tolerance mechanisms include regulatory
T cells. Forkhead box protein 3 (Foxp3) is a key transcription
factor for regulatory T cells, and it was shown that depletion of
Foxp3 " cells inhibited oral tolerance.'” Our recent findings on
the protective effect of an increased diversity of food introduced
in the first year of life on atopic dermatitis are in agreement with
the hypothesis that exposure to a variety of food antigens during
early life might be important for the development of immune
tolerance.'”

Here we studied whether complementary food introduced in
the first year of life was associated with asthma, food allergy,
allergic rhinitis, and atopic sensitization up to 6 years of age in the
prospective birth cohort study Protection Against Allergy Study
in Rural Environments (PASTURE/EFRAIM)."” Similar to our
previous analyses on atopic dermatitis, we took into account
potential reverse causality. We further examined whether food
diversity introduced in the first year of life had an effect on
gene expression of the T-cell markers T-box transcription
factor (T-bet) and Gata-3, transcription factors related to the
development of Tyl and 2 T2 cells, respectively, and Foxp3, a
transcription factor driving the development of regulatory cells
T, and expression of Ce germline transcript, a marker for antibody
isotype switching to IgE, at 6 years of age.

METHODS

Study design and population

The PASTURE/EFRAIM study is a prospective birth cohort involving
children from rural areas in 5 European countries (Austria, Finland, France,
Germany, and Switzerland) designed to evaluate risk factors and preventive
factors for atopic diseases.'> Pregnant women were recruited during the third
trimester of pregnancy between August 2002 and March 2005 and divided into
2 groups. Women who lived on family-run farms where any kind of livestock
was kept were assigned to the farm group. Women from the same rural areas
not living on a farm were in the reference group. In total, 1133 children were
included in this birth cohort. The study was approved by the local research
ethics committees in each country, and written informed consent was obtained
from all parents.

Children with data available on allergic diseases up to 6 years of age,
farming status, parental allergic history, maternal educational status, number
of siblings, and feeding practices in the first year of life (n = 856) were
included in the current study.
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Definitions

Questionnaires were administered in interviews or self-administered to the
mothers within the third trimester of pregnancy and when the children were 2,
12, 18, and 24 months of age and then yearly up to age 6 years. Children were
defined as having asthma when the parents reported at least once that the child
had either doctor-diagnosed asthma or at least 2 doctor-diagnosed episodes of
obstructive bronchitis in the last 12 months in the year 4, 5, or 6 questionnaires
independent of a diagnosis reported in the first 3 years of life. Obstructive
bronchitis is commonly used to define the first occurrence of asthmatic
symptoms. Food allergy was defined when the parents reported up to age 6
years that the child had at least once been given a diagnosis of food allergy by a
doctor. Allergic rhinitis was defined by the presence of symptoms (itchy,
runny, or blocked nose without a cold and associated with red itchy eyes) or
doctor-diagnosed allergic rhinitis ever reported in the 6-year questionnaire.
Levels of allergen-specific IgE antibodies (Dermatophagoides pteronyssius,
Dermatophagoides farinae, alder, birch, hazel, grass pollen, rye, mugwort,
plantain, cat, horse, dog, Alternaria species, hen’s egg, cow’s milk, peanut,
hazelnut, carrot, and wheat flour) were measured in blood among children
at age 4.5 and 6 years, as well as their mothers and fathers. Sensitization
was defined as a specific IgE level of 3.5 kU/L or greater and as being strongly
associated with allergic diseases.

Parents indicated the food item that was given to the child in the last 4
weeks in each monthly diary between the 3rd and 12th months of life. For the
introduction of complementary food, we used the same diversity score, as
previously described, based on major food items, which were defined as the
items introduced in the first year of life to at least 80% of the children.'*
The food diversity score is a total count of the number of different food
items included in the child’s diet. Diversity scores were calculated as follows:
(1) with major food items introduced in the first year of life (n = 6, including
vegetables or fruits, cereals, bread, meat, cake, and yogurt); (2) with the same
major food items but introduced in the first 6 months of life; and (3) with all
food items introduced in the first year of life (n = 15, including any cow’s
milk, yogurt, other milk product, eggs, nuts, vegetables or fruits, cereals,
bread, meat, fish, soy, margarine, butter, cake, and chocolate) reported in
the monthly diary. The latter was calculated to include potentially allergenic
food items.

Farmer children were defined as children who were living on a farm where
livestock was held and whose family ran the farm, according to parental
reports. Information on parental atopic status, maternal education, smoking
during pregnancy, mode of delivery, birth weight, gestational age, sex, number
of siblings, and duration of breast-feeding was recorded in questionnaires
during pregnancy, 2 months after birth, and at 1 year of age. Positive parental
history of allergies was defined as ever having asthma, allergic rhinitis, or
atopic dermatitis.

Gene expression of T-cell markers

Blood samples were collected at birth (cord blood) and at 1, 4.5, and 6 years
of age for assessment of mRNA expression. The method for these measure-
ments was described in detail elsewhere.'® The data presented are normalized
values for the endogenous controls (18S rRNA and [,-microglobulin)
determined by using the comparative (AA cycle threshold) method, according
to the manufacturer’s instructions (Applied Biosystems, Foster City, Calif).

Statistical analysis

Differences in characteristics of children regarding the diversity food score
were tested by using the x test. Logistic regression was used to investigate the
association between food exposure and asthma, food allergy, allergic rhinitis,
and atopic sensitization. We performed and compared different models. Model
1 was the crude model, and model 2 included adjustment for the potential
confounders: farmer, center, duration of breast-feeding (categorized according
to the number of months children were breast-fed, not exclusively), parents
with allergy, maternal education, sex, and number of siblings. To take into
account reverse causality, we used model 3, which included the same
adjustment as model 2 but additionally excluded children with doctor-
diagnosed food allergy within the first year of life. For asthma, children
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with at least 1 episode of doctor-diagnosed obstructive bronchitis or asthma
within the first year of life were also excluded. Sensitivity analysis with
additional exclusions for wheeze, atopic dermatitis, or both within the first
year of life was performed. Parental allergic status is potentially a strong
confounder because it might influence infant feeding practices; therefore we
performed additional analysis using different definitions based on atopic
sensitization and/or history of allergies among the mother, father, or both.
Atopic dermatitis might also be a confounder and potentially on the causal
pathway between food diversity and asthma, and therefore we performed
analyses with additional adjustment to control for this. Sensitivity analyses
were performed with modified food scores, removing 1 of the items to
determine the influence of a single item in this score. Smooth plots were
performed with generalized additive models by using R statistical
software to graphically display the dose-response effect of the food diversity
score on allergic diseases. Test for linear trend between the food diversity
score and health outcomes was performed by using the Cochran-Armitage
trend test.

The gene expression data were analyzed by using the comparative
threshold method of Giulietti et al.'” This method expresses the measured
number of PCR cycles of the participants relative to 1 participant. We chose
as a reference the cord blood values for a nonfarmer child whose expression
of all genes was greater than the detection limit. The results are expressed
as a gene expression multiplication factor compared with the reference.
Because the distribution of the gene expression levels was skewed, the
variables were log transformed (natural logarithm), resulting in an
approximately normal distribution. We used linear regressions to calculate
associations between food diversity scores and mRNA expression (expressed
as geometric mean ratios). Interaction terms were included in the multivariate
models to test for effect modification between the diversity food score and
parental history of allergy, center, and farming status on allergic diseases.
Data analysis was conducted with SAS software, version 9.2 (SAS Institute,
Cary, NC).

RESULTS
Characteristics and prevalence of allergic diseases

Among the 856 children included in this study, 51.5% were
farmer children, and 53.6% had at least 1 allergic parent (Table I).
The description of food diversity was mentioned in our previous
study.'* Farmer children received a higher number of different
food items in the first year of life compared with nonfarmer
children. Differences between centers were observed regarding
the diversity score, with a higher proportion of French and
German children having a low score. A higher proportion of
children with at least 1 parent with a history of atopy had a low
score compared with children with parents with no history of
atopy. No association between the diversity score and sex, number
of siblings, duration of breast-feeding, and maternal education
was found. Approximately half of the children (47.4%) were
breast-fed for more than 6 months (not exclusively), and no
association between duration of breast-feeding and asthma,
allergic rhinitis, food allergy, and atopic sensitization
was observed (data not shown). Characteristics of children
excluded from the analysis because of missing data (n = 277)
did not differ from those of the included children, except for a
higher proportion of nonfarmer children (58.5%) among the
excluded children.

There were 848 and 809 subjects with available data for
allergic rhinitis and food allergy, respectively. The cumulative
prevalence of asthma between 3 and 6 years of age was 8.6%,
the cumulative prevalence of allergic rhinitis up to 6 years of
age was 7.6%, and the cumulative prevalence of food allergy up
to 6 years was 7.4%. These proportions were significantly
higher in children with 2 allergic parents than among children
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with nonallergic parents (asthma, 10.7% vs 6.3%; allergic
rhinitis, 11.0% vs 3.6%; and food allergy, 10.6% vs 3.7%,
respectively).

Data on atopic sensitization were available for 596 children at
age 4.5 years, 6 years, or both. Sensitization to any allergen was
present in 25.5% of children, sensitization to food allergens was
present 10.7%, and sensitization to inhalant allergens was present
in 22.1%, as measured at 4.5 or 6 years.

Association between food diversity score and
allergic diseases and atopic sensitization

Dividing the diversity score into 3 categories with the highest
(all 6 food items) as reference, we observed a significant inverse
dose-response association with asthma in crude analysis (model 1)
and after adjustment for potential confounders (model 2,
Table II). The test for linear trend was significant for asthma,
food allergy, and food sensitization (P < .001, P < .001, and
P = .006, respectively). We observed a significant reduction of
26% for the development of asthma, with each additional food
item introduced in the first year of life. This inverse association
between the food diversity score and asthma remained stable after
exclusion of children with a doctor’s diagnosis of food allergy and
defined as having asthma, obstructive bronchitis, or both within
the first year of life (model 3). Sensitivity analyses with additional
exclusion of children with wheezing (n = 223 [26.1%]), atopic
dermatitis (n = 119 [14.4%]), or both within the first year of
life were performed and showed similar results (crude analysis
only among children with no wheeze and no atopic dermatitis
in the first year of life: odds ratio [OR] for 0-3 vs 6 items of
3.83 [95% CI, 1.02-14.41] and OR for 4-5 vs 6 items of 1.63
[95% CI, 0.74-3.61]). Moreover, analysis excluding children
(n = 30) among those parents who reported that they avoided
introducing food within the first year of life because of child’s
allergy showed similar associations.

Additional adjustment for atopic dermatitis showed similar
results (see Table El in this article’s Online Repository at
www.jacionline.org), and the negative association between food
diversity score and asthma was stronger for children having
both diseases (n = 29) compared with those having neither
disease (OR for food diversity score, continuous: 0.61 [95% CI,
0.49-0.76]). For children with asthma but no atopic dermatitis
up to 6 years (n = 40), a similar association was observed with
an increasing diversity food score (OR for food diversity score,
continuous: 0.80 [95% CI, 0.62-1.04]). Additional analyses
were performed for children defined as having asthma based
only on a doctor’s diagnosis of asthma between 3 and 6 years of
age (n = 36), which showed similar results (see Table E2 in
this article’s Online Repository at www.jacionline.org). Recently
published results from this birth cohort showed that late-onset and
persistent wheeze phenotypes were best correlated with
clinical phenotypes of asthma.'® We observed that the strongest
association between the food diversity score and different
phenotypes of wheeze was with late-onset and persistent wheeze
phenotypes (OR for transient wheeze, 1.08 [95% CI, 0.86-1.35];
OR for intermediate wheeze, 0.91 [95% CI, 0.68-1.21]; OR for
late-onset wheeze, 0.75 [95% CI, 0.53-1.08]; and OR for
persistent wheeze, 0.76 [95% CI, 0.55-1.07]).

A smoothed plot of the relationship between the food diversity
score and asthma was performed, which showed a decrease in
the log odds of asthma with an increasing score (Fig 1, A).
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TABLE l. Characteristics of the study population and prevalence of allergic diseases
Food diversity score
All 0-3 items 4-5 items 6 items
No. Percent No. Percent No. Percent No. Percent P value*
Characteristics
All 856 100 37 43 263 30.7 556 65.0
Farmer <.001
Yes 415 51.5 9 243 112 574 294 52.8
No 441 48.5 28 75.7 151 42.6 263 47.2
Center .01
Austria 161 18.8 1 2.7 58 22.1 102 18.3
Switzerland 187 21.9 243 57 21.7 121 21.8
France 150 17.5 12 324 48 18.2 90 16.2
Germany 203 23.7 324 63 239 128 23.0
Finland 155 18.1 3 8.1 37 14.1 115 20.7
Sex .66
Girls 424 49.5 20 54.0 125 47.5 279 50.2
Boys 432 50.5 17 46.0 138 52.5 277 49.8
Siblings .10
0 310 36.2 9 243 100 38.0 201 36.1
1-2 459 53.6 27 73.0 140 532 292 52.6
>3 87 10.2 1 2.7 23 8.8 63 11.3
Parents with atopy history .005
Yes 459 53.6 26 70.3 156 59.3 277 49.8
No 397 46.4 11 29.7 107 40.7 279 50.2
Breast-feeding .70
Never 80 9.4 5 135 26 9.9 49 8.8
>0-2 mo 132 154 5 135 40 15.2 87 15.7
3-6 mo 238 27.8 6 16.2 75 28.5 157 28.2
7-9 mo 180 21.0 9 24.3 48 18.3 123 22.1
>10 mo 226 26.4 12 324 74 28.1 140 25.2
Maternal education .16
Low 140 16.4 11 29.7 40 15.2 89 16.0
Mid 370 43.2 10 27.0 109 41.4 251 45.1
Mid-high 251 29.3 10 27.0 82 31.2 159 28.6
High 95 11.1 6 16.2 32 12.2 57 10.3
Outcome prevalences
Asthma (doctor-diagnosed asthma and/or >2 obstructive 74/856 8.6 7 18.9 33 12.6 34 6.1 <.001
bronchitis episodes 3-6 y)
Allergic rhinitis (doctor-diagnosed hay fever or allergic 64/848 7.6 4 10.8 24 9.2 36 6.6 31
rhinitis OR symptoms [nasal AND eye] ever at age 6 y)
Food allergy up to 6 y (doctor-diagnosed food allergy) 60/809 7.4 7 21.9 23 9.2 30 5.7 .001
Any sensitization at 4.5 or 6 y (cutoff: 3.5 kU/L) 152/596 255 12 46.2 44 242 96 24.7 .05
Food sensitization at 4.5 or 6 y (cutoff: 3.5 kU/L) 62/580 10.7 7 26.9 23 13.1 32 8.5 .006
Inhalant sensitization 4.5 or 6 y (cutoff: 3.5 kU/L) 131/594 22.1 9 34.6 39 214 83 21.5 29

*Based on the X test.

The analysis restricted to children for whom no food
avoidance was reported within the first year of life because
of child’s allergy showed the same pattern (Fig 1, B). To
also include allergenic foods, we additionally analyzed the
association between another food diversity score with all
the food items (n = 15) and asthma. The same inverse dose-
response effect was observed (Fig 1, C). The same analyses
were performed with food allergy (Fig 2), and similar
patterns were observed. Additionally, we calculated a diversity
score with food items introduced within the first 6 months of
life and observed the same tendency of a negative association
between a higher score compared with a lower score on asthma
risk (OR for food diversity score, continuous: 0.83 [95% CI,
0.68-1.03]), although with a test for linear trend of borderline
significance (P = .08, see Fig El in this article’s Online
Repository at www.jacionline.org).

The children with a low food diversity score (with the major
food items) had an increased risk of food allergy up to 6 years of
age and sensitization to food allergens at age 4.5 or 6 years
compared with children with the highest score (Table II). The
analysis with children having doctor-diagnosed food allergy
combined with positive food sensitization (n = 18) showed an
even stronger negative association with food diversity (OR for
food diversity score, continuous: 0.55 [95% CI, 0.40-0.76]). After
exclusion of children with food allergy within the first year of life,
the associations were no longer statistically significant, even
though estimates for the continuous variable remained similar
(model 3). There was a tendency toward a negative association
between the food diversity score and allergic rhinitis or
sensitization to inhalant allergens, although this was not
statistically significant. There was no interaction between the
food diversity score and parental allergies or farming status on
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TABLE Il. Association between diversity score within the first year of life and allergic diseases and atopic sensitization

Model 1 Model 2 Model 3
No. OR 95% Cl No. OR 95% ClI No. OR 95% Cl
Asthma
Food diversity score within st year
0-3 items 7/37 3.58 1.47-8.75 7/37 315 1.24-8.05 5/32 3.77 1.23-11.53
4-5 items 33/263 220  1.33-3.64 33/263 2.01 1.24-3.46 16/215 1.60  0.80-3.20
6 items, reference 34/556 1 34/556 1 21/487 1
Diversity score, continuous 74/856 0.73  0.61-0.87 74/856 0.74  0.61-0.89 42/734 0.76  0.60-0.96
Allergic rhinitis
Diversity score major food within Ist year
0-3 items 4/37 1.73  0.58-5.15 4/37 1.78  0.56-5.67 2/34 094  0.21-4.26
4-5 items 24/261 145  0.84-2.48 24/261 1.35  0.77-2.38 20/252 1.14  0.63-2.06
6 items, reference 36/550 1 36/550 1 36/547 1
Diversity score, continuous 64/848 0.83  0.68-1.01 64/848 0.80  0.64-1.00 58/833 093  0.71-1.22
Doctor-diagnosed food allergy
Food diversity score within st year
0-3 items 7/32 4.65 1.86-11.61 7/32 443  1.62-12.10 4/29 2.61 0.77-8.88
4-5 items 23/249 1.69  0.96-2.97 23/249 1.85 1.02-3.35 13/239 1.13  0.56-2.31
6 items, reference 30/528 1 30/528 1 26/524 1
Diversity score, continuous 60/809 0.71 0.58-0.85 60/809 0.70 0.57-0.86 43/792 0.79 0.60-1.03
Sensitization to food allergens at 4.5 or 6 y
Food diversity score within st year
0-3 items 7/26 399  1.56-10.19 7/26 547  1.91-15.67 6/23 5.22 1.70-16.04
4-5 items 23/176 1.63  0.92-2.87 23/176 1.52  0.83-2.76 22/167 1.53  0.83-2.84
6 items, reference 32/378 1 32/378 1 31/376 1
Diversity score, continuous 62/580 0.76  0.62-0.93 62/580 072  0.57-0.90 59/566 0.72  0.56-0.91
Sensitization to inhalant allergens at 4.5 or 6 y
Food diversity score within 1st year
0-3 items 9/26 1.93  0.83-4.49 9/26 1.79  0.74-4.37 7/23 1.50  0.57-3.95
4-5 items 39/182 1.00  0.65-1.53 39/182 0.87  0.56-1.37 36/172 0.84  0.53-1.34
6 items, reference 83/386 1 83/386 1 83/384 1
Diversity score, continuous 131/594 094  0.78-1.13 131/594 097  0.80-1.18 126/579 1.01 0.82-1.25

Diversity scores with major food items are shown. Boldface values are significant (P <.05).

Model 1, Crude; Model 2, model 1 plus adjusted for center, farmer, parents with allergy, sex, breast-feeding, siblings, and maternal education; Model 3, model 2 plus exclusion of food
allergy at 1 year (n = 17) and only with asthma: exclusion of at least 1 episode of obstructive bronchitis and/or asthma, both doctor diagnosed and reported at 1 year (n = 102).

allergic diseases. Moreover, similar results were obtained in
separate analyses stratified by parental history of allergy or by
farming status, as well as after additional adjustment for
consumption of unboiled farm milk (data not shown).

The analysis with different definitions of asthma, both atopic
and nonatopic (defined with or without positive sensitization to
inhalant allergens at 4.5 or 6 years of age: n = 23 and n = 30,
respectively) showed the same tendencies (adjusted OR for each
additional food items introduced in the first year of life, 0.70 [95%
CI, 0.52-0.94] and 0.77 [95% CI, 0.59-1.00], respectively).
Analysis for a subgroup excluding children with a low score of
food diversity showed similar results (see Table E3 in this article’s
Online Repository at www.jacionline.org). Sensitivity analyses
with modified scores, excluding 1 of the food items to evaluate
the influence of the excluded item in this score, showed similar
associations between reduced scores and allergic diseases
(data not shown).

To analyze the association between single food items and
allergic outcomes, we also performed different models to take
into account the reverse causality effect. The results from the
analyses between single food items and asthma showed a strong
negative association with milk products, such as yogurt and
butter, introduced within the first year of life, compared with
reference children who did not consume these foods in the first
year of life (see Table E4 in this article’s Online Repository at
www.jacionline.org). The analysis among a subgroup excluding

children with food allergy or asthma within the first year of life
(model 3) showed similar results, although these were weaker
for introduction of yogurt. The analysis with the 2 predictor
variables of yogurt and butter in the model showed the same
protective effect, as well as stratified analysis by parental history
of allergy (data not shown). The risk of food allergy was reduced
by a factor of 0.5 among children who consumed fish within
the first year of life compared with children who did not
(see Table E5 in this article’s Online Repository at www.
jacionline.org). This effect remained significant after adjustment
for potential confounders, such as atopic dermatitis, and after
exclusion of children with food allergy within the first year of
life. The stratified analysis showed an inverse association only
among the children with allergic parents (data not shown). The
negative association between fish introduced within the first
year of life and sensitization to food allergens was only significant
in the crude analysis (see Table E6 in this article’s Online
Repository at www.jacionline.org).

Association between food diversity score and gene
expression for marker of IgE antibody isotype
switching and for T-cell markers

Among children with a low food diversity score within the first
year of life, we observed a significantly increased level of Ce
germline transcript at age 6 years by a factor of 1.8 compared with
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FIG 1. Association between increasing diversity of food introduced within the first year of life and asthma.
A, Diversity score with major food for the entire study population. B, Diversity score with major food
restricted to children without food avoidance within the first year of life because of allergies. C, Diversity
score with all different food items for the entire study population. The solid line represents the predicted
value of asthma as a function of the score, and dashed lines represent the Cl. The y-axis is the linear logit
of asthma, and the values are centered on 0 (50/50 odds) and extended to both positive and negative values.
All models are adjusted for farmer, center, duration of breast-feeding, parents with allergy, maternal edu-

cation, sex, and siblings.

children with the highest score (Table III). Moreover, those
children with a low food diversity score showed a significantly
lower level of gene expression for Foxp3, a transcription factor
driving development of regulatory T cells, measured at 6 years
after adjustment for potential confounders and the value measured
in cord blood (Table IV). Analysis stratified by parental allergic
status showed similar results. We did not find an indirect effect
of Foxp3 or Ce germline transcript expression on the associations
between food diversity and allergic diseases or sensitization
(data not shown). We did not observe an association between
the food diversity score and mRNA expression of T-bet and
Gata-3, transcription factors related to the development of Tyl
and Ty?2 cells, respectively.

DISCUSSION

Our data show that an increased diversity of food introduced in
children’s diet within the first year of life is negatively associated
with the development of asthma and food allergy up to 6 years of

age and on sensitization to food allergens at 4.5 or 6 years of age.
Moreover, among children with a low food diversity score, we
found an increased expression of marker for antibody isotype
switching to IgE and a reduced expression of the regulatory
T cell-associated gene Foxp3 measured at 6 years of age.

To our knowledge, the present findings are the first showing an
inverse association of an increased diversity of exposures to food
antigens in the first year of life on the development of allergic
diseases later in childhood. Previous studies on the diversity of
food introduced in infants’ diets and allergies focused on the first
4 or 6 months of life.'”*' Only 1 study reported an increased risk
of doctor-diagnosed eczema up to 6 years of age in association
with an increased diversity of solid food introduced within the
first 4 months.”’ However, this effect was seen neither with
eczema up to 4 years nor with a definition based on symptoms,
and a tendency of protective effect on asthma up to 6 years was
observed with an increased diversity of food introduced within
the first 4 months. In our study a diversity score with food items
introduced within the first 6 months of life was calculated, and
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FIG 2. Association between increasing diversity of food introduced within the first year of life and food
allergy. A, Diversity score with major food for the entire study population. B, Diversity score with major food
restricted to children without food avoidance within the first year of life because of allergies. C, Diversity
score with all different food items for the entire study population. The solid line represents the predicted
value of asthma as a function of the score, and dashed lines represent the Cl. The y-axis is the linear logit
of food allergy, and the values are centered on 0 (50/50 odds) and extended to both positive and negative
values. All models are adjusted for farmer, center, duration of breast-feeding, parents with allergy, maternal

education, sex, and siblings.

TABLE Illl. Association between diversity food score within the first year of life and gene expression for marker of IgE antibody

isotype switching (Ce germline transcript) measured at 6 years

Ce germline transcript (6 y)

All No allergic parents >1 Allergic parent
Diversity score, major food items within 1st y No. GMR* 95% ClI No. GMR* 95% Cl No. GMR* 95% Cl
0-3 items 22 1.81 1.21-2.70 7 1.81 0.84-3.88 15 1.78 1.13-2.79
4-5 items 161 1.18 0.99-1.40 61 1.26 0.94-1.69 100 1.14 0.93-1.39
6 items, reference 336 1 156 1 180 1

Boldface values are significant (P >.05).

*Geometric mean ratios are adjusted for center, farmer, parents with allergy, sex, breast-feeding, maternal education, and cord blood value for the respective gene.

children with a higher score had a lower risk of asthma compared
with those with a lower score. Moreover, the analysis with mutual
adjustment for the score within the first 6 months and the score
within the first year of life showed a persistent significant
protective effect of the first year’s score, meaning that exposure
to food proteins in the time period between 6 and 12 months of

age might be an important time window for protection against
the development of later allergic diseases. The new guidelines
on early nutrition and allergy prevention recommend that
complementary foods should not be introduced before 4 months
of age but should be introduced for all infants by 6 months of

522 . . .
age.””” Even though more evidence is required, because our
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TABLE IV. Association between diversity food score within the first year of life and gene expression for T-cell markers measured

at 6 years

Diversity score, major All No allergic parents >1 Allergic parent

food items within 1st

year No GMR* 95% CI No. GMR* 95% CI No. GMR* 95% CI

T-bet
0-3 items 22 0.94 0.71-1.25 7 1.13 0.61-2.12 15 0.90 0.70-1.16
4-5 items 163 0.96 0.85-1.09 63 0.98 0.77-1.24 100 0.95 0.85-1.07
6 items, reference 339 1 157 1 182 1

Gata-3
0-3 items 22 0.93 0.74-1.18 7 0.93 0.56-1.56 15 0.98 0.79-1.21
4-5 items 163 1.06 0.96-1.17 63 1.10 0.91-1.34 100 1.03 0.94-1.14
6 items, reference 339 1 157 1 182 1

Foxp3
0-3 items 22 0.70 0.51-0.96 7 0.78 0.41-1.51 15 0.69 0.50-0.96
4-5 items 163 0.99 0.87-1.14 63 0.92 0.72-1.18 100 1.03 0.89-1.20
6 items, reference 339 1 157 1 182 1

Boldface values are significant (P >.05).

*Geometric mean ratios are adjusted for center, farmer, parents with allergy, sex, breast-feeding, maternal education, and cord blood value for the respective gene.

findings form the basis for a new hypothesis, an increased
diversity of food in the second part of the first year of life might
be an interesting strategy to prevent allergic diseases.

The strengths of this study are the prospective design and
collection of data on the introduction of complementary food
within the first year of life, which avoid recall bias. One major
concern with the association between feeding practices and atopic
diseases is the potential bias caused by reverse causality. Among
children with early symptoms of the disease, those with allergic
parents, or both, introduction of certain complementary foods,
especially allergenic foods, tends to be delayed. With analyses
performed in a subgroup of children, excluding those with food
allergy, respiratory disorders, or both within the first year of life,
significant results remained with asthma, and there was a similar
tendency, although weaker, with food allergy and food
sensitization. Moreover, all multivariate models were addition-
ally adjusted for atopic dermatitis, and the negative association
between food diversity and asthma seems to be independent of the
effect on atopic dermatitis. Sensitivity analysis with models
adjusted for parental allergic status using different definitions
based on atopic sensitization and/or history of allergies among the
mother, father, or both showed similar results, as did stratified
analysis (data not shown). Our results provide strong support to
conduct a randomized clinical trial, which is essential to
completely exclude the reverse causality effect. Selection bias
is unlikely in this study because the excluded and included
children did not differ significantly. The definition of the health
outcomes based on a doctor’s diagnosis might lead to an
underestimation of the prevalence and, despite this, could lead
to an underestimation of the association by a dilution effect;
however, we still found a significant association. Information on
asthma medications was not included in the definition and might
be considered a limitation. Moreover, a child might be defined as
having asthma if the reported doctor’s diagnosis was made
between 3 and 4 years of age and not later and therefore related
to wheeze that resolves by school age. In any case, the strongest
negative association between food diversity and wheeze
phenotypes was with late-onset and persistent wheeze, which
both were shown to be related to clinical phenotype of asthma. 18
Another limitation of this study is the selected study population,
from rural areas in Europe, so that our findings might not be

applicable to other populations and also the lack of information
on lactose or other food intolerance and on conditions that could
affect infant feeding or could represent subclinical manifestations
of food allergy, such as colic and gastroesophageal reflux. The
latter could induce a reverse causality effect and is a major
limitation in this study. Therefore reverse causality cannot be
completely excluded. Another reason that reverse causality
cannot be excluded is that reasons for the variability in food
introduction in the first year of life are not well understood.

Our findings highlight the role for diversity of environmental
exposures on the development of allergic diseases. We have
shown previously that the diversity of exposures might play a role
in the development of allergic disease, even during pregnancy,
with contact with different farm animal species.'® Similarly,
recent findings showed that the increased diversity of microbial
exposures had a protective effect on asthma.” Our results support
the hypothesis that exposure in early life to diverse food antigens,
such as food proteins, could increase the maturation of the
mucosal immune system and induce tolerance networks.”"
Moreover, it is believed that regulatory T cells are involved in
tolerance acquisition. In this study we showed decreased
expression of a marker for regulatory T cells using the
transcription factor Foxp3 at the age of 6 years among children
with a low food diversity scores within the first year of life.
However, this transcription factor does not assess the functional
activity of regulatory T cells. The protective effect of exposure
to an increased diversity of food in early life might be associated
with the induction of regulatory T cells rather than a shift in the
Ty1/TyH2 balance. One of the mechanisms that might be involved
in the inhibition of allergy development by regulatory T cells is
the inhibition of isotype switching to IgE™; interestingly, our
results showing a decrease in Ce germline transcript with an
increased food diversity are in agreement with this hypothesis.

The negative association was observed between increased food
diversity and asthma and food sensitization. However, no
significant association was found with sensitization to inhalant
allergens and allergic rhinitis, even though this is difficult to
evaluate because of the low numbers. One explanation might be
that early food sensitization is a better predictor for allergic
diseases and asthma than inhalant sensitization because this
was already shown in previous studies.”®?” Moreover, the same
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tendency toward a negative association with an increased food
diversity was observed with both atopic and nonatopic asthma
(even though it is not significant, this might be due to small
numbers). Even though the underlying mechanism for the protec-
tive effect on asthma remains unclear, it might involve an induc-
tion of regulatory T cells, which are known to play a role in
constraining inflammation.”® Moreover, some dietary compo-
nents, such as short-chain or long-chain fatty acids, as well as pre-
biotics, are known to have immunoregulatory properties.’
A potential mechanism for the protective effect of an increased di-
versity in the infant’s diet on allergic diseases might involve the
gut microbiota, its metabolites, or both. It has been shown that
diet, gut microbiota, and immune responses are connected.””’
Human studies examining the gut microbiota and allergies have
shown conflicting results; however, an inverse association be-
tween the bacterial diversity of the gut microbiota in the first
months of life and the development of eczema in early life was
previously reported.””

In conclusion, this is the first study showing that infants
exposed to an increased diversity of food items within the first
year of life have a reduced risk of asthma, food allergy, and
sensitization to food allergens up to age 6 years.

We thank all the fieldworkers and other PASTURE/EFRAIM team
members.

Clinical implications: An increased diversity of complementary
foods introduced within the first year of life might have a protec-

tive effect on the development of allergic diseases, such as
asthma, in children.
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FIG E1. Association between increasing diversity of food introduced within
the first 6 months of age and asthma. A, Diversity score with major food
introduced within the first 6 months of life for the entire study population.
B, Diversity score with all food items introduced within the first 6 months of
life for the entire study population. The solid line represents the predicted
value of asthma as a function of the score, and dashed lines represent
the Cl. The y-axis is the linear logit of asthma, and the values are centered
on 0 (50/50 odds) and extended to both positive and negative values.
All models are adjusted for farmer, center, duration of breast-feeding,
parents with allergy, maternal education, sex, and siblings.

J ALLERGY CLIN IMMUNOL
umm 2014



J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER um

TABLE E1. Association between diversity score within the first
year of life and allergic diseases and atopic sensitization, with

additional adjustment for atopic dermatitis

No. OR*  95% CI
Asthma
Food diversity score within 1st year
0-3 items 7/35  3.36 1.28-8.84
4-5 items 32/243 2.15 1.25-3.70
6 items, reference 30/521 1
Diversity score, continuous 69/799 0.73 0.60-0.88
Allergic rhinitis
Diversity score major food within Ist year
0-3 items 4/35  1.83 0.56-5.94
4-5 items 22/242 123 0.68-2.23
6 items, reference 34/518 1
Diversity score, continuous 60/795 0.81 0.64-1.02
Doctor-diagnosed food allergy
Food diversity score within 1st year
0-3 items 7/32  4.64 1.63-13.24
4-5 items 22/239 1.68 0.90-3.14
6 items, reference 27/513 1
Diversity score, continuous 56/784 0.71 0.57-0.89
Sensitization to food allergens at 4.5 or 6 y
Food diversity score within 1st year
0-3 items 5/24  3.67 1.15-11.68
4-5 items 21/163 1.44 0.77-2.71
6 items, reference 31/355 1
Diversity score, continuous 57/542  0.77 0.60-0.99
Sensitization to inhalant allergens at 4.5 or 6 y
Food diversity score within 1st year
0-3 items 8/24  1.65 0.64-4.21
4-5 items 36/169 0.84 0.52-1.35
6 items, reference 78/362 1
Diversity score, continuous 122/555 1.01 0.82-1.25

Boldface values are significant (P >.05).

*Adjusted for center, farmer, parents with allergy, sex, breast-feeding, siblings,

maternal education, and atopic dermatitis up to 6 years.
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TABLE E2. Association between diversity score within the first
year of life and doctor’s diagnosis of asthma*

Doctor’s diagnosis of asthma
Model 1 Model 2 Model 3
OR 95% ClI OR 95% Cl OR 95%Cl

Food diversity score
within 1st year

0-3 items 5.80 1.77-19.06 5.78 1.64-20.35 6.57 1.52-28.35
4-5 items 3.78 1.82-7.87 3.83 1.81-8.12 2.55 0.95-6.86
6 items, reference 1 1 1

Diversity score, 0.68 0.60-0.88 0.69 0.54-0.85 0.68 0.51-0.91
continuous

Diversity scores with major food items are shown. Boldface values are significant
(P <.05).

Model 1, Crude; Model 2, model 1 plus adjusted for center, farmer, parents with
allergy, sex, breast-feeding, siblings, and maternal education; Model 3, model 2 plus
exclusion of food allergy at 1 year (n = 17) and only with asthma: exclusion of at least
1 episode of obstructive bronchitis and/or asthma, both doctor diagnosed and reported
at 1 year (n = 102).

*Definition of asthma based only on doctor’s diagnosis of asthma between 3 and

6 years of age (n = 36).
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TABLE E3. Association between diversity score within the first year of life and allergic diseases and atopic sensitization: analysis
among a subgroup with exclusion of children with low diversity scores (n = 819)

Model 1 Model 2 Model 3
No. OR 95% ClI OR 95% Cl No. OR 95% ClI

Asthma

Diversity score, continuous 67/819 0.58 0.41-0.82 0.61 0.43-0.87 37/702 0.82 0.49-1.37
Allergic rhinitis

Diversity score, continuous 60/811 0.69 0.47-1.00 0.72 0.48-1.06 56/799 0.85 0.55-1.31
Doctor-diagnosed food allergy

Diversity score, continuous 53/777 0.58 0.40-0.86 0.58 0.39-0.86 39/763 0.82 0.50-1.36
Sensitization to food allergens at 4.5 or 6 y

Diversity score, continuous 55/554 0.82 0.54-1.24 0.86 0.55-1.34 53/543 0.84 0.53-1.32
Sensitization to inhalant allergens at 4.5 or 6 y

Diversity score, continuous 122/568 1.05 0.76-1.44 1.14 0.81-1.60 119/556 1.21 0.85-1.73

Diversity scores with major food items are shown. Boldface values are significant (P <.05).

Model 1, Crude; Model 2, model 1 plus Adjusted for center, farmer, parents with allergy, sex, breast-feeding, siblings, and maternal education; Model 3, model 2 plus exclusion of
food allergy at 1 year (n = 17) and only with asthma: exclusion of at least 1 episode of obstructive bronchitis and/or asthma , both doctor diagnosed and reported at 1 year
(n = 102).
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TABLE E4. Association between introduction of single food items in the first year of life and asthma
Asthma
Model 1 Model 2 Model 3

OR (95% Cl)

OR (95% ClI)

OR (95% Cl)

Cow’s milk

3-12 mo

>12 mo, reference
Shop milk

3-12 mo

>12 mo, reference (reference

Farm milk
3-12 mo

>12 mo, reference (reference

Farm milk, unboiled

3-12 mo

>12 mo, reference
Yogurt

3-12 mo

>12 mo, reference
Other milk products

3-12 mo

>12 mo, reference
Vegetables or fruits

<6 mo

>6 mo, reference
Fish

3-12 mo

>12 mo, reference
Nuts

3-12 mo

>12 mo, reference
Eggs

3-12 mo

>12 mo, reference
Meat

<9 mo

>9 mo, reference
Cereals

<9 mo

>9 mo, reference
Bread

<9 mo

>9 mo, reference
Soja

3-12 mo

>12 mo, reference
Margarine

3-12 mo

>12 mo, reference
Butter

3-12 mo

>12 mo, reference
Cake

<9 mo

>9 mo, reference
Chocolate

3-12 mo

>12 mo, reference

no cow’s milk)

no cow’s milk)

0.64 (0.40-1.04)
1

0.69 (0.37-1.29)
1

0.61 (0.34-1.08)
1

0.67 (0.28-1.59)
1

0.42 (0.25-0.70)
1

0.40 (0.24-0.64)
1

0.95 (0.59-1.54)
1

0.72 (0.44-1.15)
1

0.80 (0.45-1.42)
1

0.46 (0.28-0.74)
1

1.28 (0.75-2.18)
1

1.34 (0.78-2.28)
1

1.10 (0.67-1.80)
1

1.42 (0.54-3.72)
1

1.44 (0.86-2.41)
1

0.49 (0.30-0.79)
1

0.72 (0.44-1.19)
1

0.47 (0.28-0.78)
1

0.67 (0.40-1.14)
1

0.55 (0.28-1.08)
1

0.82 (0.40-1.69)
1

0.95 (0.37-2.40)
1

0.47 (0.26-0.84)
1

0.37 (0.22-0.64)
1

0.98 (0.53-1.82)
1

0.76 (0.44-1.31)
1

0.69 (0.36-1.34)
1

0.47 (0.28-0.80)
1

1.47 (0.80-2.70)
1

1.13 (0.62-2.05)
1

1.06 (0.62-1.80)
1

1.27 (0.46-3.46)
1

1.16 (0.65-2.09)
1

0.45 (0.26-0.77)
1

0.71 (0.40-1.26)
1

0.45 (0.25-0.79)
1

0.96 (0.49-1.90)
1

0.96 (0.42-2.20)
1

0.89 (0.35-2.26)
1

1.61 (0.50-5.16)
1

0.55 (0.26-1.18)
1

0.65 (0.32-1.33)
1

0.93 (0.41-2.11)
1

0.80 (0.39-1.63)
1

0.80 (0.36-1.80)
1

0.65 (0.33-1.31)
1

1.44 (0.67-3.12)
1

1.05 (0.64-2.17)
1

1.17 (0.58-2.35)
1

1.45 (0.40-5.21)
1

1.17 (0.55-2.48)
1

0.43 (0.21-0.86)
1

0.64 (0.30-1.34)
1

0.41 (0.19-0.88)
1

Boldface values are significant (P <.05).
Model 1, Crude; Model 2, model 1 plus adjusted for center, farmer, parents with allergy, maternal education, sex, breast-feeding, siblings, atopic dermatitis up to 6 years, and

maternal education; Model 3, model 2 plus exclusion of food allergy within the first year (n = 17) and of asthma within the first year (n = 102).
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TABLE E5. Association between introduction of single food items in the first year of life and food allergy

Food allergy
Model 1 Model 2 Model 3
OR (95% CI) OR (95% CI) OR (95% ClI)

Cow’s milk

3-12 mo 0.71 (0.42-1.21) 0.64 (0.35-1.16) 0.98 (0.49-1.96)

>12 mo, reference 1 1 1
Shop milk

3-12 mo 0.71 (0.36-1.42) 0.56 (0.26-1.20) 1.01 (0.44-2.31)

>12 mo, reference (reference = no cow’s milk) 1 1 1
Farm milk

3-12 mo 0.71 (0.38-1.33) 0.82 (0.35-1.91) 1.16 (0.44-3.08)

>12 mo, reference (reference

Farm milk, unboiled

no cow’s milk)

1

1

1

3-12 mo 1.46 (0.69-3.07) 1.30 (0.52-3.26) 1.46 (0.50-4.24)
>12 mo, reference 1 1 1

Yogurt
3-12 mo 0.39 (0.23-0.69) 0.39 (0.20-0.75) 0.69 (0.31-1.60)

>12 mo, reference
Other milk products

3-12 mo

>12 mo, reference
Vegetables or fruits

<6 mo

>6 mo, reference
Fish

1

0.46 (0.27-0.79)
1

1.39 (0.82-2.36)
1

1

0.36 (0.19-0.67)
1

1.08 (0.53-2.21)
1

1

0.54 (0.26-1.14)
1

1.01 (0.45-2.29)
1

3-12 mo 0.54 (0.32-0.91) 0.34 (0.18-0.66) 0.41 (0.19-0.88)
>12 mo, reference 1 1 1

Nuts
3-12 mo 0.55 (0.27-1.10) 0.55 (0.24-1.25) 0.71 (0.30-1.66)
>12 mo, reference 1 1 1

Eggs
3-12 mo 0.55 (0.32-0.-93) 0.50 (0.28-0.91) 0.82 (0.40-1.69)
>12 mo, reference 1 1 1

Meat
<9 mo 0.80 (0.46-1.38) 0.53 (0.27-1.05) 0.43 (0.20-0.93)
>9 mo, reference 1 1 1

Cereals
<9 mo 1.41 (0.78-2.55) 1.03 (0.51-2.10) 1.11 (0.50-2.46)
>9 mo, reference 1 1 1

Bread
<9 mo 0.69 (0.41-1.17) 0.77 (0.43-1.40) 0.70 (0.35-1.40)
>9 mo, reference 1 1 1

Soja
3-12 mo 2.27 (0.92-5.63) 1.80 (0.66-4.87) 1.92 (0.60-6.13)
>12 mo, reference 1 1 1

Margarine
3-12 mo 1.09 (0.63-1.88) 0.78 (0.41-1.50) 0.87 (0.41-1.82)

>12 mo, reference
Butter

1

1

1

3-12 mo 0.51 (0.30-0.87) 0.60 (0.32-1.11) 0.83 (0.39-1.75)
>12 mo, reference 1 1 1

Cake
<9 mo 0.62 (0.35-1.08) 0.77 (0.40-1.49) 0.89 (0.43-1.85)
>9 mo, reference 1 1 1

Chocolate
3-12 mo 0.56 (0.33-0.98) 0.60 (0.32-1.12) 0.69 (0.34-1.42)

>12 mo, reference

1

1

1

Boldface values are significant (P <.05).
Model 1, Crude; Model 2, model 1 plus adjusted for center, farmer, parents with allergy, maternal education, sex, breast-feeding, siblings, and atopic dermatitis up to 6 years;

Model 3, model 2 plus exclusion of doctor’s diagnosis of food allergy within the first year (n = 17).



9.e7 RODUIT ET AL

J ALLERGY CLIN IMMUNOL

umm 2014

TABLE E6. Association between introduction of single food items in the first year of life and sensitization to food allergens

Sensitization to food allergens

Model 1

OR (95% Cl)

Model 2

OR (95% ClI)

Model 3
OR (95% CI)

Cow’s milk

3-12 mo

>12 mo, reference
Shop milk

3-12 mo

>12 mo, reference (reference

Farm milk
3-12 mo

>12 mo, reference (reference

Farm milk, unboiled

3-12 mo

>12 mo, reference
Yogurt

3-12 mo

>12 mo, reference
Other milk products

3-12 mo

>12 mo, reference
Vegetables or fruits

<6 mo

>6 mo, reference
Fish

3-12 mo

>12 mo, reference
Nuts

3-12 mo

>12 mo, reference
Eggs

3-12 mo

>12 mo, reference
Meat

<9 mo

>9 mo, reference
Cereals

<9 mo

>9 mo, reference
Bread

<9 mo

>9 mo, reference
Soja

3-12 mo

>12 mo, reference
Margarine

3-12 mo

>12 mo, reference
Butter

3-12 mo

>12 mo, reference
Cake

<9 mo

>9 mo, reference
Chocolate

3-12 mo

>12 mo, reference

no cow’s milk)

no cow’s milk)

0.77 (0.46-1.31)
1

0.73 (0.35-1.51)
1

0.80 (0.44-1.45)
1

0.60 (0.23-1.55)
1

0.47 (0.26-0.84)
1

0.50 (0.29-0.88)
1

0.94 (0.56-1.61)
1

0.49 (0.29-0.84)
1

0.70 (0.35-1.39)
1

0.68 (0.40-1.17)
1

0.72 (0.41-1.25)
1

0.79 (0.45-1.36)
1

1.08 (0.62-1.85)
1

1.05 (0.31-3.58)
1

0.83 (0.49-1.41)
1

0.83 (0.48-1.46)
1

0.46 (0.26-0.84)
1

0.37 (0.21-0.67)
1

0.83 (0.46-1.50)
1

0.73 (0.32-1.64)
1

0.80 (0.38-1.66)
1

0.53 (0.17-1.64)
1

0.69 (0.35-1.39)
1

0.67 (0.36-1.27)
1

1.03 (0.52-2.02)
1

0.69 (0.38-1.26)
1

0.48 (0.23-1.01)
1

0.70 (0.38-1.29)
1

0.97 (0.51-1.84)
1

0.71 (0.38-1.33)
1

0.89 (0.48-1.65)
1

1.32 (0.36-4.84)
1

0.71 (0.38-1.32)
1

0.73 (0.39-1.39)
1

0.30 (0.15-0.62)
1

0.39 (0.21-0.75)
1

0.90 (0.49-1.67)
1

0.88 (0.38-2.02)
1

0.83 (0.39-1.77)
1

0.55 (0.18-1.71)
1

0.72 (0.35-1.50)
1

0.71 (0.36-1.37)
1

1.04 (0.52-2.06)
1

0.71 (0.38-1.34)
1

0.48 (0.23-1.02)
1

0.70 (0.37-1.32)
1

1.04 (0.54-2.01)
1

0.68 (0.36-1.29)
1

0.93 (0.49-1.77)
1

1.47 (0.39-5.50)
1

0.68 (0.36-1.29)
1

0.85 (0.43-1.66)
1

0.31 (0.15-0.64)
1

0.36 (0.19-0.70)
1

Boldface values are significant (P <.05).
Model 1, Crude; Model 2, model 1 plus adjusted for center, farmer, parents with allergy, maternal education, sex, breast-feeding, siblings, and atopic dermatitis up to 6 years;

Model 3, model 2 plus exclusion of doctor’s diagnosis of food allergy within the first year (n = 17).
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