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The timing of the introduction of complementary foods appears crucial to the
development of allergic diseases later in life. The results from recent observational
studies might be misinterpreted to suggest that introducing complementary food
prior to the age of four months might have a beneficial effect on the induction of
immune tolerance. Since these two recently published papers cannot completely
account for reverse causation, as is the case for all observational studies, we
recommend that the current ESPGHAN and American Academy of Pediatrics
recommendations be maintained as long as new evidence from large randomized
controlled intervention trials do not suggest otherwise. That is, complementary
foods should be first introduced between the age of 17 to 26 weeks.

Complementary feeding in infancy may
affect several health outcomes such as
growth, neurodevelopment, obesity, car-
diovascular diseases, celiac disease, Type 1
diabetes and oral health [1]. Infant nutri-
tion and complementary feeding practices
are also considered important for the
development of the immune system and
later allergic diseases. The exposure of the
infant‘s digestive tract to food-derived
components, for example, food antigens
and/or bacteria, and their impact on the
gut microbiota, along with the infant’s
host factors, such as genetic and epige-
netic predispositions, is crucial for the
development of allergic diseases [2,3].
While the WHO defines complementary
foods as all nutrient-containing solid or
liquid foods given to infants other than
breast milk [4], pediatric organizations,
such as ESPGHAN, do not consider
human milk substitutes as complemen-
tary food [1].

Prior to 2008, it was recommended
that for children at high risk for allergic
diseases based on family risk of atopy,
solids should be avoided during the
first 6 months of life, and a delayed

introduction of dairy products until the
age of 12 months, hen’s egg until
24 months, and peanut, tree nuts, fish
and seafood until 36 months was recom-
mended. However, since 2008, the
ESPGHAN and the American Academy
of Pediatrics (AAP) have recommended
that complementary foods be first intro-
duced between 4 and 6 months of
age [1,2]. The earlier recommendations
were largely based on findings in a birth
cohort study published in 1990 which
included 1650 infants followed using
yearly questionnaires for 10 years [3]. In
this study, the early introduction of four
different solid foods by age 4 months
was associated with an increased risk for
eczema, particularly in infants at risk for
allergic diseases. Based on these observa-
tions, it was hypothesized that a later
introduction of solid foods might reduce
the risk of allergic diseases. Recommen-
dations for practice were thus provided,
even though there was insufficient evi-
dence to support them. Many parents fol-
lowed these recommendations. Indeed,
infants from families with allergic diseases
and those with early signs of allergic
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diseases were breastfed for longer and complementary feeding
was delayed. Correspondingly, observational studies found that
prolonged exclusive breastfeeding and delayed introduction of
weaning foods were associated with an increased risk of allergic
disorders.

Almost 10 years ago, Zutavern and colleagues described the
phenomenon of ‘reverse causality’ in a German birth cohort;
dairy products and egg were introduced later if the infant had
presented with symptoms of eczema during the first 4 months of
life. This resulted in significantly less doctor-diagnosed eczema in
children with early solid feeding [5]. When children with early
skin symptoms were excluded from the analysis, the introduction
of solids between 5 and 6 months of age was no longer a risk fac-
tor for eczema and later allergic diseases [5,6]. Based on these and
further publications which considered potential reverse causality
effects, both ESPGHAN [1] and AAP [7] concluded that comple-
mentary foods should be introduced between the ages of 17 and
26 weeks. These organizations concluded that there is no con-
vincing evidence that avoidance or delayed introduction of
potentially allergenic foods, such as fish or egg, reduces the risk
of allergic diseases in infants, regardless of their risk of allergic
diseases [1,7].

Since the publication of these two guidelines in 2008, the con-
troversial debate on dietary recommendations for the prevention
of allergic diseases during infancy has continued. This contro-
versy was recently stimulated by two published papers using data
from two cohort studies, the PASTURE/EFRAIM study [8,9] and
the DIPP study [10,11]. The results of these publications have been
interpreted as evidence that the introduction of complementary
feeds prior to age 4 months has allergy-preventive effects.

The DIPP cohort includes only children with HLA-conferred
susceptibility of Type 1 diabetes born since 1994 in three differ-
ent areas in Finland. Nwaru et al. analyzed data from age-specific
dietary questionnaires on the introduction of different food items
at 3, 4, 6 and 12 months of age in relation to the occurrence of
asthma and other allergic manifestations during childhood [10,11].
The authors found that delayed introduction of solids (wheat,
rye, barley, oats and other grains, meat fish and egg) was associ-
ated with eczema within the first 6 months of life, which again
may reflect reverse causation. After adjusting for different possi-
ble confounders, the authors reported that the introduction of
cereals between 5 and 5½ months of age and egg and fish before
8–9 months was associated with a reduced risk for later asthma
and allergic rhinitis, when compared to introduction at later time
points [11]. When they specifically addressed the diversity of com-
plementary food during the first year of life, they did not find
any association between solid food introduction at 4 months of
age with atopic outcomes [10]. Stratified analyses by eczema
showed that the association between an increased risk for asthma
and allergic rhinitis by the age of 5 years with less diversity of
food items at the age of 6 months was only significant for chil-
dren with early-life eczema. No association was found among
children without skin lesions during the first year of life (Table
E1 in [10]). Again, this finding supports the occurrence of
reverse causation.

The PASTURE/EFRAIM birth cohort study recruited
infants from rural areas in five European countries. Approxi-
mately half of the participants were born to mothers who lived
and worked on a farm with livestock. For 1041 children, infor-
mation on feeding during the first year of life was available and
was associated with reported allergic disease occurrence until
the age of 6 years. In their first paper on atopic dermatitis, the
authors stratified the analysis by skin symptoms early in life to
reduce the likelihood of reverse causation [9]. However, in their
most recent paper examining the impact of solid feeding during
infancy on respiratory allergies until age 6 years, the authors
only excluded children whose respective end points had
occurred before solid food introduction [8]. This analytic strat-
egy may be insufficient to exclude reverse causality as eczema
during the first 6 months of life is closely associated with later
asthma and allergic rhinitis. No stratified analysis for children
with and without early skin symptoms was reported. The
authors concluded that less food diversity during the first year
of life appears to increase the risk of asthma and allergic dis-
eases in childhood. However, four or more food items as early
as four months of age increased the risk for non-atopic asthma.
When (even insufficient) adjustment for reverse causation was
considered, the presumably protective effects were attenuated.
Furthermore, the results were no longer statistically significant
when the extreme group of infants which were given less than
four food items until the age of 12 months (<5 % of the study
population) were excluded (Table 2 in [8]). Gene expression
analysis was performed in relation to food diversity as a novel
approach to increase our understanding of the mechanisms
inducing tolerance. Increased food diversity was associated with
an increased expression of forkhead box protein 3 and a
decreased expression of Ce germline transcript [8]. However,
significant differences were found only in a very small subgroup
of 22 children, 15 of which had an allergic parent and who
were exposed to no more than three food items by 1 year of
age. Such a low number of complementary food items during
the first year of life is highly unusual. It is conceivable that
restricting the number of complementary foods to such an
extent could occur primarily among families with a strong
motivation to reduce allergy risk, possibly because of family
burden or early manifestations of allergic symptoms, such as
eczema. The gene expression findings were not presented sepa-
rately for children with and without early eczema. Thus, one
must consider the possibility that these results in this very spe-
cial subgroup were influenced by reverse causation.

In addition to findings from the DIPP and PASTURE/
EFRAIM cohort, a few more observational studies published
during the past 5 years concluded that early introduction of
solids reduces the risk of allergic diseases [12–14]. The results of
these recent publications seem to be more homogenous than
the heterogeneous picture of past papers which did not show a
beneficial effect of later food introduction or even an increased
risk for atopic eczema in relation to the early introduction of
solids or greater food diversity [15,16]. However, even some of
these more recent studies did not consider possible reverse
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causation [12] and hence must be interpreted with caution.
Some authors considered an adjustment for medical history of
allergic diseases to be sufficient [8,10], while more cautiously per-
formed analyses excluded children with early skin symp-
toms [5,6,9,14]. Most of the presumed protective effects relating
to the timing of solid food introduction were no longer statisti-
cally significant if subjects with early skin symptoms were
excluded [5,6,8,14].

These two recent published papers were selected on the subjec-
tive opinion of the authors and because the most recent system-
atic review on primary prevention of food allergy by de Silva et al.
[17]. did not include these two observational studies [8–11].

In addition to potential effects on allergy prevention, other
aspects relevant to child health must also be considered. In
breastfed infants, an earlier start of complementary feedings will
lead to a reduced duration of exclusive breastfeeding and a
reduced total amount of breast milk consumed because comple-
mentary feeds tend to partly replace breast milk. Solid foods have
a higher caloric density, and an earlier introduction of solids
increases the total energy intake [18,19] and hence the risk for more
rapid early weight gain and increased later obesity risk [20,21].

We conclude that the currently available data from observa-
tional cohort studies do not provide reason to modify the
guidelines on complementary feeding practices established by
ESPGHAN and AAP. It is simply not possible for any observa-
tional study to completely account or correct for reverse causation.
Interventional studies are thus needed to clarify these issues [1,7].
A randomized controlled intervention trial approach focused on

different times of complementary feeding introduction has been
shown to be feasible [22,23]. Several large ongoing randomized con-
trolled intervention trials on the role and timing of the introduc-
tion of solids might provide more conclusive evidence on their
potential effects on later health. The currently available evidence
does not justify the conclusion that the introduction of comple-
mentary feeds prior to the age of 4 months would be beneficial for
allergy prevention. As long as the results of new large RTCs do not
suggest otherwise, the introduction of solids/complementary foods
is recommended between 17 and 26 weeks of age.
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