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Abstract

Objective: To study the associations between timing and diversity of introduction of
complementary foods during infancy and atopic sensitization in 5-year-old children.
Methods: In the Finnish DIPP (Type 1 Diabetes Prediction and Prevention) birth
cohort (n = 3781), data on the timing of infant feeding were collected up to the
age of 2 years and serum IgE antibodies toward four food and four inhalant aller-
gens measured at the age of 5 years. Logistic regression was used for the analyses.
Results: Median duration of exclusive and total breastfeeding was 1.4 (interquar-
tile range: 0.2-3.5) and 7.0 (4.0-11.0) months, respectively. When all the foods
were studied together and adjusted for confounders, short duration of breastfeed-
ing decreased the risk of sensitization to birch allergen; introduction of oats
<5.1 months and barley <5.5 months decreased the risk of sensitization to wheat
and egg allergens, and oats additionally associated with milk, timothy grass, and
birch allergens. Introduction of rye <7.0 months decreased the risk of sensitization
to birch allergen. Introduction of fish <6 months and egg <11 months decreased
the risk of sensitization to all the specific allergens studied. The introduction of <3
food items at 3 months was associated with sensitization to wheat, timothy grass,
and birch allergens; the introduction of 1-2 food items at 4 months and <4 food
items at 6 months was associated with all endpoints, but house dust mite. These
results were particularly evident among high-risk children when the results were
stratified by atopic history, indicating the potential for reverse causality.
Conclusions: The introduction of complementary foods was consecutively done,
and with respect to the timing of each food, early introduction of complementary
foods may protect against atopic sensitization in childhood, particularly among
high-risk children. Less food diversity as already at 3 months of age may increase
the risk of atopic sensitization.
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Studies investigating the association between the timing of
infant feeding and the development of atopic diseases in
childhood are inconclusive (1-12). This is despite the recom-
mendations by expert bodies of delaying the introduction of
complementary foods for 4-6 months for preventing the
occurrence of atopic ailments during childhood (13-16).
While some studies suggest that a delayed introduction of
complementary foods for 4-6 months may not influence the
development of atopic diseases (1, 2), others suggest that
early introduction may be beneficial (3—12).

Atopic sensitization is an important predictor of later onset
of atopic symptoms and asthma (17-21). Most children who
develop specific immunoglobulin E (IgE) antibodies tend to
manifest later symptoms of atopic diseases (17, 19, 21).
Although atopic sensitization alone may preclude actual clini-
cal disease, it is an important marker for studying the devel-
opment of atopic diseases (17, 19, 20). Understanding the
association between the timing of infant feeding and atopic
sensitization could facilitate early prevention of atopic
diseases in childhood (17, 19).

In a smaller subject series of the present cohort, we previ-
ously reported that early introduction of potatoes, oats, rye,
wheat, meat, fish, and eggs decreased the risk of sensitization
to food and inhalant allergens at the age of 5 years (12).
Now, with data on the whole cohort, the present study set
out to examine whether our earlier observations can be
confirmed in the whole subject series. As an extension to our
previous analysis, we also investigate whether food diversity
during infancy is associated with atopic sensitization.

Materials and methods
Subjects and study design

The Finnish Type 1 Diabetes Prediction and Prevention
(DIPP) study is a multidisciplinary population-based
prospective cohort study, which started in 1994. Details of the
study have been presented elsewhere (22). Briefly, infants born
with human leukocyte antigen (HLA)-conferred susceptibility
to type 1 diabetes were recruited from three university hospitals
in Finland (Turku, Oulu, and Tampere) and monitored at 3- to
12-month intervals for diabetes-associated autoantibodies,
growth, and environmental exposures. The study procedures
were approved by the local ethics committees, and the parents
signed a written informed consent.

In September 1996 and October 1997, a nutrition study was
started within the DIPP study in Oulu and Tampere, respec-
tively (23). It examines the relationship of diet during preg-
nancy, lactation, infancy, and childhood with the development
of type 1 diabetes and atopic diseases in childhood. Altogether,
7787 children (born between September 2, 1996, and Septem-
ber 5, 2004) were invited to take part in the study. Of these,
6071 (78%) participated. At the age of 5 years, 4075 children
who were still participating in the dietary follow-up were
invited to take part in the allergy study, of which 3781 (93%)
participated. Serum IgE antibodies were analyzed for 3675 of
these children. Complete data on atopic sensitization and die-
tary exposure were available for 3674 children.
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Dietary assessment

The child’s diet was assessed using age-specific dietary
questionnaires at ages of 3, 6, and 12 months, and a follow-
up ‘age at introduction of new foods-form’ for recording the
age at introduction of complementary foods. The question-
naires assessed the child’s diet from birth until the age of
12 months and asked about breastfeeding, use of infant for-
mulas and cow’s milk, use of dietary supplements, and the
complementary foods the child has received. The question-
naires were returned to the study center at each age after
completion. The ‘age at introduction of new foods-form’ was
sent by mail to the families 1.5-2 months after birth and kept
until 2 years of age but checked by a trained study nurse at
every clinic visit. Parents were asked to record the exact
month (e.g., 4 months) the food was introduced with an accu-
racy of 0.5 months (e.g., 4.5 months). In the present analysis,
the exposures were duration of exclusive and total breastfeed-
ing, age at introduction of cow’s milk, roots (potatoes, carrot,
turnip); fruits and berries; wheat, rye, oats and barley; meat;
fish; egg; and other cereals (maize, rice, millet, buckwheat),
which were the most common foods in the diet of Finnish
infants of this age. Feeding at the maternity ward was taken
into account when assessing the duration of exclusive breast-
feeding.

Endpoint assessments

At the age of 5 years, a blood sample was obtained from
each participating child for the analysis of IgE. Specific IgE
concentration was analyzed by using ImmunoCAP fluoroen-
zyme immunoassay (Phadia Diagnostics, Uppsala, Sweden)
for egg, cow’s milk, fish, wheat, house dust mite, cat, timothy
grass, and birch allergens. Atopy was defined as sensitization
(>0.35 kU/1) to any of the allergens tested.

Statistical analysis

Logistic regression was used to investigate the associations
between the food exposures and atopic sensitization. Depen-
dence among siblings (452 sibling pairs) was examined by
using the generalized estimating equations (GEE) framework
with the sandwich estimator of variance. The food exposures
were categorized into thirds, and the last third was used as the
reference category. In adjusted models, the confounding
factors were included on conceptual basis (sex of the child,
number of siblings, parental asthma, parental rhinitis, hospital
of birth, maternal smoking during pregnancy) and based on
statistical tests (season of birth, duration of gestation, mater-
nal age, maternal basic education, pets at home by 1 year,
mode of delivery, and birth weight), as recently suggested (24).
The factors were assessed using a structured questionnaire
after delivery and from Medical Birth Registries of Oulu and
Tampere University Hospitals. A backward elimination step-
wise regression approach was used to examine the most
important foods related to the endpoints. First, all foods that
were significant (P < 0.05) in unadjusted models were studied
together with respect to each endpoint. The variable ‘any
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cereal’, which includes oats, wheat, rye, and barley, was used
instead of specific cereals in the stepwise regression with other
foods. Due to strong correlation between the specific cereals,
they were studied together. During the first year of the study
(1996-1997), these cereals were asked together, meaning that
the numbers of observations are slightly smaller for the spe-
cific cereals than for the variable ‘any cereals’. The variables
remaining at the last stage of the stepwise models were simul-
taneously adjusted for the confounding factors. The associa-
tions between food diversity and the endpoints were examined
by analyzing the number of food items introduced at 3, 4, and
6 months. At 3 and 4 months, the number of foods was cate-
gorized as ‘no food items’, ‘1-2 food items’, ‘3-4 food items’,
and >4 food items’ additionally at 4 months. At 6 months,

Introduction of complementary foods and atopic sensitization

the number of foods was categorized as ‘0-2 food items’, ‘3-4
food items’, and >4 food items’. Reverse causality was
evaluated by performing appropriate interaction tests between
eczema by 6 months and parental allergic history and the food
variables on the risk of the endpoints. If the interaction was
significant (P < 0.05), then the results were stratified by the
corresponding term. The interaction between duration of total
breastfeeding and the food variables was also evaluated to see
whether breastfeeding modified the association between the
complementary foods and the endpoints. Statistical signifi-
cance was taken as two-sided P < 0.05. Multiplicity issues
were taken into account in cautious interpretation of the
results. sas version 9.2 (SAS Institute, Cary, NC, USA) was
used in the analyses.

Table 1 Relationship of background characteristics of the study population with the risk of the endpoints: Odds ratio (OR); 95% confidence

interval (95% ClI)

Sensitization to any food allergen*

Sensitization to any inhalant allergen*

N = 3675 n =881 n =947
Characteristics n (%) OR (95% CI)t OR (95% CIt
Sex of child
Female 1745 (47) 1 1
Male 1930 (53) 1.05 (0.91-1.23) 1.36 (1.17-1.58)
P-value 0.493 <0.001
Place of birth
Northern Finland 1747 (48) 1 1
Southern Finland 1928 (52) 0.88 (0.76-1.03) 1.10 (0.95-1.28)
P-value 0.108 0.219
Parental asthma
No 2493 (68) 1 1
Yes 476 (13) 1.49 (1.20-1.86) 1.32 (1.06-1.63)
Missing information 706 (19)
P-value 0.001 0.016
Parental allergic rhinitis
No 992 (27) 1 1
Yes 1884 (51) 1.61 (1.33-1.95) 1.66 (1.38-1.99)
Missing information 799 (22)
P-value <0.001 <0.001
Maternal smoking during pregnancy
No
Yes 3251 (88) 1 1
Missing information 301 (8) 1.25 (0.96-1.62) 1.03 (0.79-1.35)
P-value 123 (3) 0.119 0.803
Number of siblings
None 1588 (43) 1 1
One 11562 (31) 1.01 (0.85-1.20) 0.81 (0.69-0.97)
Two 487 (13) 1.01 (0.80-1.28) 0.85 (0.68-1.07)
Three or more 346 (9) 0.87 (0.66-1.16) 0.61 (0.45-0.82)
Missing information 102 (3)
P-value 0.771 0.002

*Information on sensitization to any food allergen was available for 3674 children, any inhalant allergen for 3675 children.

tLogistic regression was used in the analysis.

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd
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Results

Of the 3781 children who participated in the allergy study,
IgE levels were measured for 3675 (97%). Of these, 24% was
sensitized to any food allergen and 26% to any inhalant aller-
gen. Sensitization to food allergens was observed in 14% to
milk, 10% to egg, 5% to wheat, and 1% to fish; and that to
inhalant allergens 17% to birch, 9% to cat, 9% to timothy
grass, and 3% to house dust mite. The median duration of
exclusive and total breastfeeding was 1.4 (interquartile range
(IQR): 0.2-3.5) months and 7.0 (IQR: 4.0-11.0) months,
respectively. Cow’s milk was introduced at median age of 1.8
(IQR: 0.5-5.0) months; roots were introduced at median age
of 3.5 (IQR: 3.0-4.0) months. After that, the other comple-
mentary foods were introduced in the following order: fruits
and berries, oats, wheat, rye, barley, meat, fish, and egg. Boys
were more likely to be sensitized to any inhalant allergen;
children of parents with a history of asthma and allergic rhini-
tis were more likely to be sensitized to both food and inhalant
allergens; and children with one or more siblings were less
likely to be sensitized to any inhalant allergen (Table 1).
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Figures 1 and 2 show the unadjusted associations between
the timing of infant feeding and sensitization to the specific
food and inhalant allergens, respectively. The results indicate
that short duration of breastfeeding and early introduction
of each of the complementary foods were associated with at
least one allergen, although cereals, fish, and egg showed
more consistent associations.

The results were similar when adjusted for confounding
variables as well as when atopic sensitization was fixed at
>0.7 kU/I cutoff. Due to the small number of cases, the fish
allergen was not studied in the adjusted model. When the
foods were studied together, exclusive breastfeeding remained
associated with sensitization to birch allergen; combined cere-
als were important for sensitization to cat allergen. Fish and
egg were important for almost all the endpoints (Table 2).
For the specific cereals, oats was important for wheat, milk,
timothy grass, and birch allergens; rye for birch allergen;
barley for wheat and egg allergen (data not shown). When
we used the cutoff of 4 months for exclusive breastfeeding
and introduction of cow’s milk, these were not associated
with any of the endpoints (data not shown).
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Figure 1 Unadjusted association between breastfeeding and age at
introduction of complementary foods and sensitization to specific
food allergens at the age of 5 years: Odds ratio (OR); 95%

Odis ratios with B5% Cl

confidence interval (95% CI); milk allergen (n = 532), wheat allergen
(n=196), egg allergen (n = 373), fish allergen (n = 33), any food
allergen (n = 881); P-values ***P < 0.001; **P < 0.01; *P < 0.05.
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Figure 2 Unadjusted association between breastfeeding and age
at introduction of complementary foods and sensitization to specific
inhalant allergens at the age of 5 years: Odds ratio (OR); 95%
confidence interval (95% CI); timothy grass allergen (n = 329),

In adjusted models, introducing no foods by 3 months was
adversely associated with sensitization to wheat (Table 3) as
well as timothy grass and birch allergens (Table 4). Introduc-
ing 1-2 food items (compared to >4 food items) at 4 months
was adversely associated with sensitization to most food and
inhalant allergens; at 6 months, introduction of <4 food
items was adversely associated with most of the endpoints
(Tables 3 and 4).

We observed a number of significant interactions between
atopic eczema by 6 months and parental allergic history and
the complementary foods in relation to the endpoints (data
not shown). When the results were stratified by these terms,
the protective associations between early introduction of
complementary foods, particularly cereals, fish, and egg, and
the endpoints appeared particularly stronger for at-risk
children than for not-at-risk children. (Tables S1 and S2).

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd
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house dust mite allergen (n = 104), birch allergen (n=613), cat
allergen (n=318), any inhalant allergen (n=947); P-values
**xp < 0.001; **P < 0.01; *P < 0.05.

Some interactions were also observed between total breast-
feeding and complementary foods, but the stratified results
were similar for the categories of breastfeeding (data not
shown).

Discussion

Our results show that the introduction of complementary
foods was consecutively done and, with respect to the timing
of introduction, early introduction of cereals, fish, and egg
was inversely associated with atopic sensitization when the
foods were studied together. The results also indicate that the
less the diversity of food items introduced as early as
3 months, the higher the likelihood of atopic sensitization.
These results were, however, stronger among at-risk children
(i.e. those with atopic manifestation by 6 months of age and
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Introduction of complementary foods and atopic sensitization

Table 3 Adjusted associations between food diversity at 3, 4, and 6 months and sensitization to food allergens at the age of 5 years: Odds

ratio (OR); 95% confidence interval (95% CI)

Food diversity

Sensitization to

Sensitization to

Sensitization to

Sensitization to

at 3, 4, and Frequency* milk allergen wheat allergen egg allergen any food allergen

6 months n (%) OR (95% CI)f OR (95% CI)f OR (95% CI)f OR (95% CI)f

At 3 months N = 23610 (522/3609)% (191/3609) (366/3609) (866/3609)%
No food 1186 (33) 1.24 (0.92-1.69) 2.90 (1.66-5.05) 1.41 (0.97-2.03) 1.39 (1.07-1.81)
1-2 food items 1519 (42) 1.10 (0.82-1.47) 1.99 (1.16-3.43) 1.21 (0.85-1.71) 1.36 (1.06-1.74)
>3 food items 909 (25) 1 1 1 1

P-value 0.362 <0.001 0.171 0.021

At 4 months N = 3584 (517/3583)% (187/3583)% (360/3583) (858/3583)%
No food 431 (12) 1.06 (0.72-1.56) 2.13 (1.24-3.65) 1.18 (0.75-1.85) 1.15 (0.84-1.58)
1-2 food items 601 (17) 1.65 (1.20-2.28) 2.42 (1.49-3.95) 1.77 (1.22-2.56) 1.78 (1.36-2.32)
3-4 food items 1189 (33) 1.50 (1.15-1.97) 1.56 (1.00-2.45) 1.50 (1.09-2.05) 1.41 (1.12-1.77)
>4 food items 1393 (38) 1 1 1 1

P-value 0.003 0.003 0.011 <0.001

At 6 months N = 3584 (517/3583)1 (187/3583)% (360/3583)1 (858/3583)%
0-4 food items§ 230 (6) 1.47 (0.91-2.35) 3.15 (1.73-5.74) 1.97 (1.17-3.33) 1.46 (0.98-2.19)
5-6 food items 490 (13) 1.21 (0.88-1.65) 2.09 (1.33-3.28) 1.78 (1.24-2.54) 1.31 (1.01-1.71)
7-8 food items 1767 (49) 0.77 (0.59-1.01) 0.55 (0.34-0.89) 0.82 (0.60-1.12) 0.81 (0.65-1.02)
>8food items 1127 (31) 1 1 1 1

P-value 0.026 <0.001 0.001 0.004

*Due to some missing values for the food items, the number of subjects at 3 months is different from those at 4 and 6 months.

tAdjusted for sex of child, siblings, parental asthma, parental rhinitis, hospital of birth, maternal smoking during pregnancy, season of birth,
duration of gestation, maternal age, maternal basic education, pets at home by 1 year, mode of delivery, birth weight.

tNumber included in the analysis and constituted those with complete information on the food exposure and the endpoint.

§Small number of subjects had no foods or introduced only one food item at the age of 6 months; hence, the category of those who had
no food or introduced one to four food items at the age of 6 months was combined.

those with parental history of allergy) than among non—high-
risk children when the results were stratified by these terms,
indicating potential of reverse causality partly explaining
these results.

Our study had sufficient power to study the association
between timing of infant feeding and atopic sensitization.
The small number of fish allergen cases did not permit us to
confirm the results when adjusted for confounders. Our study
population was well defined and the prospective design was
suitable to investigate the temporal relationship between tim-
ing of infant feeding and the endpoints, as well as ensuring
that recall bias was minimized. Because the study subjects
were derived from children originally carrying HLA-
conferred risk for type 1 diabetes, the generalizability of the
results may be limited. While some specific HLA genes have
been linked to the development of allergies (25, 26), contrary
evidence also exists (27). We cannot rule out that selection
bias resulting from differential loss to follow-up might have
influenced our results. The study population was unselected
in terms of allergic risk, because the prevalence of atopic sen-
sitization is comparable to the general Finnish population
(28, 29) and other European countries (30).

An ad hoc third categorization of the timing of infant
feeding was employed so as to avoid outcome-dependent
choices of categorization. This probably caused a narrow
time difference between the categories for some foods; hence,
the analysis may be less sensitive to detect the associations
between the food exposures and the endpoints. However, the

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd

results indicate that a simple interval of delay in timing of
introduction of complementary foods was positively associ-
ated with atopic sensitization. The absolute cutoff of
4-6 months used to categorize all complementary foods in
many studies may fail to capture the actual population
behavior regarding the timing of infant feeding. Introduction
of complementary foods is usually performed consecutively
and not at the same time. As our study shows, the effect of
each food on the risk of atopic sensitization may be specific
to the time that food is introduced.

Recent studies on the association between timing of infant
feeding and the development of atopic diseases are conflicting
(1-12). In line with our previous observations (11, 12), our
current results indicate that, with respect to the timing of
introduction of each food, early introduction may confer
some protection against atopic sensitization. The role of
duration of breastfeeding in the development of atopic
ailments is inconclusive (31-34), although there is evidence
that in high-risk children, exclusive breastfeeding for at least
4 months may protect against atopic dermatitis (13). Recent
reviews have concluded that the role of breastfeeding in the
prevention of atopic diseases in children is unclear (35-38).

Early understanding of immunology resulted in clinical
thinking that early exposure to allergenic food proteins such
as milk, egg, peanuts, and wheat during infancy leads to food
allergies and atopy (39, 40). Consequently, preventive strate-
gies have focused on avoiding these foods prenatally or from
the child’s diet during infancy (39, 40). Although very little
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Table 4 Adjusted associations between food diversity at 3, 4, and 6 months and sensitization to inhalant allergens at the age of 5 years:
QOdds ratio (OR); 95% confidence interval (95% ClI)

Sensitization to

Sensitization to

Sensitization to

Food diversity timothy grass house dust Sensitization to Sensitization to any inhalant

at 3, 4, and Frequency* allergen mite allergen birch allergen cat allergen allergen

6 months n (%) OR (95% CIt OR (95% Cht OR (95% CI)t OR (95% Cht OR (95% CIt

At 3 months N = 3610 (321/3610)% (101/3610)% (601/3610)% (315/3610)% (928/3610)%
No food 1186 (33) 1.68 (1.13-2.50) 0.81 (0.45-1.45) 1.48 (1.11-1.99) 1.14 (0.80-1.65) 1.15 (0.90-1.47)
1-2 food items 1519 (42) 1.33 (0.91-1.96) 0.57 (0.32-1.01) 1.06 (0.80-1.41) 0.96 (0.67-1.37) 0.94 (0.75-1.20)
>3 food items 909 (25) 1 1 1 1 1

P-value 0.029 0.138 0.008 0.529 0.169

At 4 months N = 3584 (316/3584)1 (100/3584)% (595/3584)1 (314/3584)1 (919/3584) %
No food 431 (12) 1.71 (1.09-2.68) 0.92 (0.44-1.96) 1.27 (0.90-1.80) 0.87 (0.53-1.43) 1.18 (0.88-1.59)
1-2 food items 601 (17) 2.10 (1.41-3.13) 1.26 (0.68-2.34) 1.77 (1.30-2.40) 1.73 (1.19-2.50) 1.43 (1.10-1.87)
3-4 food items 1189 (33) 1.37 (0.97-1.94) 0.76 (0.43-1.35) 1.27 (0.98-1.64) 1.12 (0.81-1.55) 1.11 (0.90-1.39)
>4 food items 1393 (38) 1 1 1 1 1

P-value 0.004 0.542 0.006 0.037 0.083

At 6 months N = 3584 (316/3584) (100/3584)% (595/3584) (314/3584)% (919/3584)%
0-4 food items§ 230 (6) 2.48 (1.46-4.22) 2.03 (0.87-4.70) 1.53 (0.97-2.40) 2.34 (1.41-3.88) 1.88 (1.26-2.79)
5-6 food items 490 (13) 1.88 (1.26-2.81) 1.22 (0.61-2.41) 1.31 (0.96-1.78) 0.91 (0.58-1.43) 1.25 (0.96-1.65)
7-8 food items 1767 (49) 1.01 (0.72-1.41) 0.96 (0.55-1.65) 0.85 (0.67-1.10) 0.95 (0.70-1.29) 0.99 (0.80-1.21)
>8 food items 1127 (31) 1 1 1 1 1

P-value 0.004 0.559 0.034 0.060 0.019

*Due to some missing values for the food items, the number of subjects at 3 months is different from those at 4 and 6 months.
tAdjusted for sex of child, siblings, parental asthma, parental rhinitis, hospital of birth, maternal smoking during pregnancy, season of birth,

duration of gestation, maternal age, maternal basic education, pets at home by 1 year, mode of delivery, birth weight.

tNumber included in the analysis and constituted those with complete information on the food exposure and the endpoint.

§Small number of subjects had no foods or introduced only one food item at the age of 6 months; hence, the category of those who had
no food or introduced one to four food items at the age of 6 months was combined.

epidemiological data gave support to this belief, the earlier
recommendations of expert bodies gave some credence to it
(41). The updated expert statements acknowledged that there
is insufficient evidence to support the avoidance of specific
allergenic foods as a preventive strategy for the development
of atopic diseases and that more studies are needed. How-
ever, the recommendation to delay the introduction of
complementary foods, including the supposed allergenic
foods for the first 4-6 months, still prevails (13-16).

Interestingly, the ‘classic’ allergenic foods (cereals, fish, and
egg) were the most important foods that were related to
atopic sensitization in the present study, indicating that their
early exposure to the child’s diet may be beneficial. The sets
of emerging evidence are based only on observational epide-
miological studies and ethical concerns may prohibit their
confirmation in a randomized controlled trial setting, because
breastfeeding cannot be truly randomized (13). Steps geared
toward a critical synthesis of the accumulated evidence are
welcomed.

Few studies have examined whether food diversity during
infancy may influence atopic tendencies in childhood. Zuta-
vern and colleagues found that higher food diversity at
4 months increased the risk of symptomatic atopic dermatitis
(AD) in 6- to 24-month-old children, but not with doctor-
diagnosed AD and atopic sensitization (10). However, the
effect was no longer seen when the children were 6 years old
(2). A German birth cohort study investigated the association

between food diversity at 4 and 6 months and AD at 4 years
of age, but did not find any association. A recent study
showed that higher food diversity during the first
6-12 months of life was protective against AD at 4 years of
age (42). In line with these studies, our results show that less
food diversity already at 3 months seems to increase the risk
of atopic sensitization. These associations became clearer by
the age of 6 months. We speculate that while it seems likely
that less food diversity during the early months of infancy
may increase the risk of atopic sensitization, a greater
mixture of diverse food items should not be delayed up to
the age of 6 months for greater protection against allergies.
It has been suggested that exposure to a variety of antigens
during early life may be important in developing immune
tolerance to environmental stimulants (42, 43).

Conclusions

The introduction of complementary foods was consecutively
done in this cohort and, with respect to the timing of intro-
duction of each food, early exposure, particularly to cereals,
fish, and egg, may protect against atopic sensitization. The
lesser the diversity of foods already at 3 months, the higher
the risk of atopic sensitization. The results, however,
appeared stronger for at-risk children than for non-high-risk
children, indicating that reverse causality might have partly
influenced our findings.

© 2013 John Wiley & Sons A/S. Published by Blackwell Publishing Ltd
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Table S1. Adjusted associations between timing of infant feeding and sensitization to any food and any inhalant alergen at the age of 5 years, stratified
by eczema by 6 months of age and parental history of allergy

Duration of breastfeeding and age

With eczema by 6 months of age’

Without eczema by 6 months of age’

With parental history of allergy’

Without parental history of alergy”

at introduction of complementary n=479 n = 2592 n=1990 n =961
foods
Sensitizationto | Sensitization to Sensitization to Sensitization to Sensitizationto | Sensitizationto | Sensitization to Sensitization to
any food any inhalant any food allergen any inhalant any food any inhalant any food any inhalant
allergen allergen OR (95% ClI) allergen allergen alergen alergen allergen
OR (95% CI) OR (95% CI) OR (95% ClI) OR (95% CI) OR (95% ClI) OR (95% ClI) OR (95% Cl)

Exclusive breastfeeding
1% third: <0.5 mo
2" third: 0.5-3.0 mo
3 third: >3.0 mo
P-value

0.58 (0.33-1.01)
0.67 (0.40-1.11)
1
0.121

0.92 (0.53-1.60)
0.71(0.43-1.17)
1
0.355

0.96 (0.73-1.25)
0.91 (0.70-1.19)
1
0.793

0.89 (0.68-1.16)
0.79 (0.61-1.02)
1
0.191

0.97 (0.73-1.30)
1.00 (0.77-1.30)
1
0.977

0.85 (0.65-1.11)
0.79 (0.61-1.02)
1
0.234

0.88 (0.55-1.44)
1.27 (0.83-1.94)
1
0.266

0.80 (0.52-1.23)
0.70 (0.46-1.06)
1
0.182

Total breastfeeding
1% third: <5.0 mo
2" third: 5.0-9.5 mo

1.29 (0.73-2.26)
1.38(0.82-2.31)

1.67 (0.95-2.90)
1.52 (0.91-2.52)

0.85 (0.64-1.13)
1.00 (0.78-1.29)

1.09 (0.82-1.44)
1.24 (0.96-1.59)

0.91 (0.69-1.20)
0.89 (0.68-1.16)

1.10 (0.83-1.44)
1.12 (0.87-1.45)

0.81 (0.51-1.28)
0.95 (0.62-1.46)

1.29 (0.81-2.04)
1.56 (1.03-2.37)

3 third: >9.5 mo 1 1 1 1 1 1 1 1
P-value 0.447 0.141 0.447 0.247 0.681 0.647 0.634 0.109
Cow’s milk

1% third: <0.92 mo
2" third: 0.92-4.0 mo
3 third: >4.0 mo
P-value

0.53 (0.30-0.91)
0.89 (0.52-1.51)
1
0.051

0.87 (0.52-1.47)
1.05 (0.62-1.77)
1
0.785

0.90 (0.69-1.18)
0.84 (0.64-1.09)
1
0.421

0.92 (0.71-1.19)
0.72 (0.56-0.94)
1
0.036

0.86 (0.66-1.13)
0.79 (0.61-1.04)
1
0.229

0.85 (0.65-1.10)
0.75 (0.58-0.97)
1
0.096

0.69 (0.44-1.08)
0.94 (0.62-1.44)
1
0.222

0.83 (0.55-1.27)
0.71 (0.47-1.08)
1
0.271

Roots (potatoes, carrot, turnip)
1% third: <3.22 mo
2" third: 3.22-4.0 mo

0.62 (0.33-1.17)
0.87 (0.50-1.49)

0.57 (0.31-1.08)
0.78 (0.45-1.35)

0.65 (0.48-0.89)
0.80 (0.61-1.06)

0.84 (0.62-1.14)
0.76 (0.58-1.00)

0.64 (0.47-0.87)
0.77 (0.58-1.01)

0.72 (0.53-0.98)
0.72 (0.55-0.95)

0.74 (0.43-1.27)
1.04 (0.65-1.68)

0.67 (0.41-1.12)
0.89 (0.57-1.40)

3 third:; >4.0 mo 1 1 1 1 1 1 1 1

P-value 0.293 0.212 0.024 0.145 0.020 0.051 0.272 0.244
Fruits and berries

1% third: <3.5 mo 0.54 (0.29-1.01) | 0.56 (0.31-1.03) | 0.82(0.61-1.10) | 0.91(0.69-1.21) | 0.73(0.54-0.98) | 0.73(0.54-0.97) | 0.89 (0.54-1.49) | 0.86 (0.53-1.38)

2" third: 3.5-4.0 mo 0.76 (0.47-1.23) | 0.69 (0.42-1.13) | 1.01(0.79-1.29) | 0.93(0.73-1.19) | 0.85(0.66-1.09) | 0.80(0.62-1.01) | 1.30(0.86-1.96) | 0.97 (0.66-1.44)

3 third:; >4.0 mo 1 1 1 1 1 1 1 1




P-value 0.142 0.134 0.293 0.783 0.100 0.061 0.226 0.800
Cereals (oat, wheat , rye & barley)
1% third: <5.0 mo
2" third: 5.0-5.5 mo 0.29 (0.13-0.63) | 0.49 (0.25-0.98) | 0.89 (0.63-1.26) | 0.99(0.70-1.39) | 0.71(0.50-1.01) | 0.77 (0.55-1.09) | 0.53(0.29-0.98) | 0.61 (0.35-1.06)
39third: >5.5 mo 0.77 (0.48-1.23) | 0.59 (0.37-0.96) | 0.86 (0.66-1.12) | 0.87(0.68-1.13) | 0.77(0.59-0.99) | 0.71(0.55-0.91) | 0.74 (0.48-1.13) | 0.59 (0.39-0.89)
P-value 1 1 1 1 1 1 1 1
0.004 0.044 0.545 0.501 0.070 0.025 0.114 0.038
Oat
1% third: <5.0 mo 0.27(0.12-0.63) | 0.48(0.24-0.99) | 0.79(0.55-1.12) | 1.02(0.73-1.44) | 0.67 (0.46-0.97) | 0.82(0.58-1.16) | 0.46 (0.25-0.85) | 0.72(0.42-1.24)
2" third: 5.0-5.5 mo 0.73(0.46-1.16) | 0.64 (0.40-1.02) | 0.76 (0.60-0.97) | 0.80(0.63-1.02) | 0.78 (0.61-0.99) | 0.73(0.58-0.93) | 0.54 (0.36-0.81) | 0.59 (0.40-0.87)
39 third: >5.5 mo 1 1 1 1 1 1 1 1
P-value 0.005 0.062 0.083 0.117 0.042 0.035 0.005 0.029
Wheat

1% third: <5.1 mo

0.51 (0.30-0.89)

0.58 (0.34-1.00)

1.02 (0.77-1.34)

1.01 (0.77-1.31)

0.76 (0.58-0.99)

0.73 (0.56-0.95)

0.86 (0.54-1.36)

0.87 (0.56-1.34)

2" third: 5.1-6.5 mo 0.44 (0.25-0.75) | 0.47 (0.28-0.79) | 1.07 (0.82-1.40) | 0.96(0.74-1.25) | 0.74(0.57-0.96) | 0.64 (0.50-0.83) | 1.00(0.64-1.55) | 0.94 (0.62-1.44)
3% third: >6.5 mo 1 1 1 1 1 1 1 1
P-value 0.004 0.010 0.854 0.925 0.042 0.002 0.733 0.815
Rye
1% third: <5.5 mo 0.52 (0.27-0.99) | 0.68 (0.37-1.24) | 0.76 (0.57-1.02) | 0.80(0.60-1.07) | 0.68(0.51-0.92) | 0.69 (0.52-0.92) | 0.54 (0.33-0.88) | 0.53(0.33-0.86)
2" third: 5.5-7.0 mo 0.77 (0.47-1.26) | 0.61(0.37-0.99) | 0.77 (0.60-0.99) | 0.83(0.65-1.06) | 0.73(0.57-0.93) | 0.66 (0.52-0.84) | 0.58 (0.38-0.88) | 0.74 (0.50-1.11)
39 third: >7.0 mo 1 1 1 1 1 1 1 1
P-value 0.117 0.109 0.076 0.225 0.012 0.002 0.014 0.033
Barley

1% third: <5.5 mo
2" third: 5.5-7.5 mo

0.52 (0.27-1.00)
0.57 (0.35-0.93)

0.72 (0.39-1.34)
0.59 (0.37-0.96)

0.79 (0.59-1.07)
0.95 (0.74-1.22)

0.92 (0.69-1.24)
1.07 (0.84-1.37)

0.76 (0.56-1.03)
0.83 (0.65-1.06)

0.72 (0.54-0.97)
0.76 (0.60-0.96)

0.46 (0.28-0.77)
0.65 (0.44-0.98)

0.77 (0.48-1.24)
1.03 (0.69-1.53)

3% third: >7.5 mo 1 1 1 1 1 1 1 1

P-value 0.030 0.095 0.284 0.566 0.152 0.032 0.008 0.412
Other cereals

1% third: <4.5 mo 0.79 (0.44-1.45) | 0.73(0.40-1.32) | 0.73(0.55-0.97) | 1.02(0.77-1.36) | 0.72(0.54-0.96) | 0.89(0.67-1.17) | 0.78(0.48-1.28) | 0.87 (0.54-1.41)

2" third: 4.5-5.5 mo 0.99 (0.58-1.69) | 0.96 (0.57-1.65) | 0.85(0.66-1.11) | 1.08(0.83-1.41) | 0.80(0.61-1.05) | 0.90(0.69-1.17) | 1.13(0.73-1.76) | 1.32(0.86-2.02)

3% third: >5.5 mo 1 1 1 1 1 1 1 1

P-value 0.670 0.484 0.091 0.816 0.073 0.658 0.244 0.119




Meat
1% third: <5.1 mo

0.51 (0.31-0.83)

0.54 (0.33-0.88)

0.92 (0.71-1.18)

0.92 (0.72-1.18)

0.78 (0.61-1.00)

0.70 (0.55-0.90)

0.69 (0.46-1.05)

0.80 (0.54-1.19)

2" third: 5.1-5.5 mo 0.89 (0.50-1.58) | 0.64(0.36-1.15) | 1.02(0.75-1.40) | 0.80(0.58-1.10) | 0.97 (0.71-1.32) | 0.82(0.61-1.11) | 0.84 (0.50-1.42) | 0.53(0.31-0.91)
3 third: >5.5 mo 1 1 1 1 1 1 1 1
P-value 0.017 0.041 0.700 0.387 0.109 0.018 0.221 0.061

Fish
1% third: <6.0 mo 0.26 (0.12-0.57) | 0.30(0.15-0.63) | 0.82(0.60-1.12) | 1.04(0.76-1.43) | 0.61(0.44-0.84) | 0.57 (0.42-0.79) | 0.53 (0.31-0.90) | 0.62 (0.38-1.01)
2" third: 6.0-9.0 mo 0.42 (0.26-0.68) | 0.52(0.33-0.83) | 0.70(0.54-0.91) | 0.88(0.68-1.15) | 0.52(0.41-0.66) | 0.59 (0.47-0.75) | 0.57 (0.37-0.89) | 0.55 (0.36-0.83)
3 third: >9.0 mo 1 1 1 1 1 1 1 1
P-value <0.001 <0.001 0.030 0.402 <0.001 <0.001 0.025 0.020

Egg

1% third: <8.0 mo

0.42 (0.22-0.79)

0.43 (0.23-0.81)

0.85 (0.64-1.14)

0.95 (0.72-1.25)

0.62 (0.46-0.83)

0.66 (0.50-0.87)

0.65 (0.41-1.05)

0.64 (0.41-1.00)

2" third: 8.0-11.0 mo 0.33(0.19-0.55) | 0.39(0.24-0.65) | 0.88(0.68-1.14) 0.69 (0.53-0.90) | 0.66 (0.51-0.84) | 0.48 (0.37-0.61) | 0.61(0.40-0.95) | 0.57(0.38-0.87)
3 third:>11.0 mo 1 1 1 1 1 1 1 1
P-value <0.001 <0.001 0.507 0.007 0.001 <0.001 0.076 0.027
Food diversity at 3 months
No food 2.11(1.14-3.89) | 1.45(0.80-2.63) | 1.29(0.95-1.75) 0.98(0.74-1.31) | 1.31(0.97-1.79) | 1.15(0.86-1.53) | 1.68(1.00-2.81) | 1.28(0.80-2.05)
1-2 food items 1.25(0.68-2.28) | 1.04(0.58-1.85) | 1.37(1.04-1.82) 0.88(0.67-1.15) | 1.34(1.00-1.78) | 0.97 (0.74-1.28) | 1.52(0.92-2.51) | 0.96 (0.60-1.53)
> 3 food items 1 1 1 1 1 1 1 1
P-value 0.025 0.297 0.079 0.532 0.111 0.369 0.118 0.316
Food diversity at 4 months
No food 1.70(0.81-3.55) | 1.45(0.71-2.97) | 1.10(0.76-1.59) 1.01(0.71-1.44) | 1.28(0.89-1.84) | 1.27(0.90-1.80) | 0.84 (0.41-1.69) | 1.06 (0.58-1.95)
1-2 food items 2.78 (1.44-5.36) | 1.87 (0.98-3.55) | 1.58(1.15-2.15) 1.23(0.91-1.67) | 1.76(1.28-2.42) | 1.39(1.01-1.89) | 1.81(1.08-3.03) | 1.58 (0.97-2.55)
3-4 food items 2.01(1.15-3.52) | 1.20(0.70-2.04) | 1.31(1.01-1.70) 0.97 (0.75-1.25) | 1.30(0.99-1.70) | 1.09 (0.85-1.41) | 1.85(2.00-2.84) | 1.18(0.78-1.78)
> 4 food items 1 1 1 1 1 1 1 1
P-value 0.013 0.269 0.023 0.487 0.007 0.185 0.006 0.317
Food diversity at 6 months
0-4 food items 1.93(0.85-4.40) | 1.96(0.83-4.61) | 1.16(0.69-1.95) 1.70 (1.04-2.77) | 1.52(0.94-2.45) | 1.99(1.25-3.19) | 1.50(0.68-3.30) | 1.83(0.87-3.85)
5-6 food items 1.35(0.78-2.34) | 1.02(0.59-1.77) | 1.19(0.85-1.66) 0.97 (0.68-1.38) | 1.45(1.06-1.98) | 1.35(0.99-1.84) | 1.08 (0.60-1.93) | 0.92 (0.52-1.64)
7-8 food items 0.44 (0.24-0.81) | 0.61(0.35-1.07) | 0.97 (0.76-1.24) 1.20(0.95-1.52) | 0.82(0.63-1.07) | 1.02(0.80-1.31) | 0.78(0.52-1.17) | 0.89(0.61-1.30)
>8 food items 1 1 1 1 1 1 1 1
P-value 0.003 0.082 0.674 0.093 0.006 0.015 0.347 0.341




'Adjusted for the confounding covariates: sex of child, siblings, parental asthma, parental rhinitis, hospital of birth, maternal smoking during
pregnancy, season of birth, duration of gestation, maternal age, maternal basic education, pets at home by 1 year, mode of delivery, birth weight.



Table S2. Multiple stepwise adjusted associations between timing of infant feeding and sensitization to any food and any inhalant allergen at the age of 5
years, stratified by eczema by 6 months and parental history of alergy

Duration of breastfeeding and

age at introduction of
complementary foods

With eczema by 6 months of age’
n =479

Without eczema by 6 months of age*
n = 2592

With parental history of allergy’
n=1990

Without parental history of allergy’
n =961

Sensitization to

any food allergen

OR (95% Cl)

Sensitization to
any inhalant
alergen
OR (95% ClI)

food alergen
OR (95% ClI)

Sensitization to any

Sensitization to

any inhalant
alergen
OR (95% CI)

Sensitization to
any food
allergen

OR (95% CI)

Sensitization to
any food
allergen

OR (95% CI)

Sensitization to
any inhalant
allergen
OR (95% CI)

Sensitization to any
inhalant allergen
OR (95% Cl)

Oat
1% third: <5.0 mo
2" third: 5.0-5.5 mo
3 third: >5.5 mo
P-value

Wheat
1% third: <5.1 mo
2" third: 5.1-6.5 mo
3% third: >6.5 mo
P-value

Rye
1% third: <5.5 mo
2" third: 5.5-7.0 mo
39 third: >7.0 mo
P-value

Barley
1% third: <5.5 mo
2" third: 5.5-7.5 mo
3%third: >7.5mo
P-value

Fish
1% third: <6.0 mo
2" third: 6.0-9.0 mo
3 third: >9.0 mo

0.28 (0.12-0.62)
0.73 (0.46-1.16)
1
0.004

0.25 (0.12-0.55)
0.41 (0.25-0.66)
1

0.58 (0.34-0.98)
0.47 (0.28-0.79)
1
0.010

0.77 (0.58-1.03)
0.77 (0.60-0.99)
1
0.094

0.30(0.14-0.63)  0.82(0.60-1.12)
0.52(0.32-0.83)  0.70(0.54-0.91)
1 1

0.69 (0.51-0.93)
0.73 (0.57-0.93)
1
0.013

0.62 (0.45-0.86)
0.53 (0.41-0.68)
1

0.74 (0.57-0.95)
0.63 (0.49-0.82)
1
0.002

0.48 (0.29-0.78)
0.64 (0.43-0.97)
1
0.010

0.63(0.44-0.88)  0.51 (0.30-0.88)
0.67 (0.52-0.87)  0.57 (0.37-0.89)
1 1



P-value <0.001 0.001 0.030 <0.001 0.005 0.034

Egg
1% third: <8.0 mo 0.95 (0.72-1.25) 0.64 (0.40-1.01)
2" third: 8.0-11.0 mo 0.69 (0.53-0.90) 0.57 (0.38-0.87)
3" third:>11.0 mo 1 1
P-value 0.007 0.040

The foods remaining in the last stage of the stepwise model were simultaneously adjusted for the confounding covariates: sex of child, siblings,
parental asthma, parental rhinitis, hospital of birth, maternal smoking during pregnancy, season of birth, duration of gestation, maternal age, maternal
basic education, pets at home by 1 year, mode of delivery, birth weight.
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