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ABSTRACT

This position paper considers different aspects of complementary feeding (CF),
focussing on healthy term infants in Europe. After reviewing current knowledge and
practices, we have formulated these recommendations: (1) Timing: Exclusive or full
breast-feeding should be promoted for at least 4 months (17 weeks, beginning of the
5" month of life) and exclusive or predominant breast-feeding for around 6 months (26
weeks, beginning of the 7" month) is a desirable goal. Complementary foods (solids
and liquids other than breast milk or infant formula) should not be introduced before 4
months but should not be delayed beyond 6 months. (2) Content: Infants should be
offered foods with a variety of flavours and textures including bitter tasting green
vegetables. Continued breast-feeding is recommended alongside CF. Whole cows’
milk should not be used as the main drink before 12 months of age. Allergenic foods
may be introduced when CF is commenced any time after 4 months. Infants at high
risk of peanut allergy (those with severe eczema, egg allergy or both) should have
peanut introduced between 4 and 11 months; following evaluation by an appropriately
trained specialist. Gluten may be introduced between 4 and 12 months, but
consumption of large quantities should be avoided during the first weeks after gluten
introduction and later during infancy. All infants should receive iron-rich CF including
meat products and/or iron-fortified foods. No sugar or salt should be added to CF and
fruit juices or sugar sweetened beverages should be avoided. Vegan diets should only
be used under appropriate medical or dietetic supervision and parents should
understand the serious consequences of failing to follow advice regarding
supplementation of the diet. (3) Method: Parents should be encouraged to respond to

their infant’s hunger and satiety queues and to avoid feeding to comfort or as a reward.
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INTRODUCTION

Complementary feeding (CF), as defined by the World Health Organisation (WHO) in 2002, is
“the process starting when breast milk alone is no longer sufficient to meet the nutritional
requirements of infants” so that “other foods and liquids are needed, along with breast milk”
[1]. Complementary foods (CF) are necessary for both nutritional and developmental reasons,
and are an important stage in the transition from milk feeding to family foods. The
complementary feeding period is one of rapid growth and development when infants are
susceptible to nutrient deficiencies and excesses, and during which there are marked changes
in the diet with exposures to new foods, tastes and feeding experiences. Yet, in contrast to
the large literature on breast and formula feeding, less attention has been paid to the
complementary feeding period, especially to the type of foods given, or whether this period of
significant dietary change influences later health, development or behaviour. The more limited
scientific evidence-base is reflected in considerable variation in CF recommendations and
practices between and within countries. Nevertheless, in recent years new evidence has been
published, including data from randomised controlled trials (RCTs).The purpose of this paper
is to update the position paper published by this Committee in 2008 [2]. We review current
recommendations and practice; summarise evidence for nutritional aspects and short-and
long-term health effects of the timing and composition of CF; provide advice to health care
providers; and identify areas for future research. This paper focuses on complementary
feeding in the context of the whole diet during the first year of life in healthy term-born infants
living in Europe, generally in affluent populations; but recognises that within this population
there are groups and families at risk of poor nutrition and differing risk for health and disease
outcomes. The paper has four sections, considering different aspects of complementary
feeding; (1) Timing, with respect to developmental readiness, nutritional adequacy and health
effects; (2) Content, with respect to nutritional requirements and health effects; (3) Method of

feeding; and (4) Specific dietary practices.



83 METHODS

84 A systematic literature search was conducted up to March 11" 2016. For each outcome of
85 interest relating to complementary feeding searches were conducted in PubMed, the
86  Cochrane Library plus the reference lists of selected papers for relevant publications in
87  English, including original papers, systematic reviews and meta-analyses. Where possible
88  systematic reviews, meta-analyses and guideline documents produced by expert scientific
89  groups or societies were used, including European Society for Paediatric
90 Gastroenterology, Hepatology and Nutrition (ESPGHAN) Position Papers and Guidelines.
91 Information on current feeding practices and recommendations was also identified from
92  official publications of individual countries and by word-of-mouth. Search terms for the
93 literature searches included firstly those related to infant feeding and complementary
94 feeding, using MeSH terms ["breast feeding", "infant nutritional physiological phenomena’,
95  "weaning", “infant formula”] and other keywords. These were combined, as appropriate,
96  with MeSH terms and keywords relating to the outcome or topic of interest (eg. infection,
97 allergy, obesity, iron status/anaemia, cognitive outcome, food preferences, cardiovascular
98  outcomes). The studies identified are very heterogeneous in terms of sample size and
99 design, and the quality of the data varies for different outcomes. These aspects have
100 been considered in the relevant sections. A systematic review and meta-analysis on the
101  timing of introduction of allergenic foods to the infant diet published in September 2016
102  was included since this summarises trials and studies published before the cut-off for our
103 literature review; the paper also includes data from 3 trials published after the cut-off date

104  currently only in abstract form.

105

106 DEFINITIONS

107  Exclusive breast-feeding (EBF) as defined by the WHO means that the infant receives only
108  breast milk and no other liquids or solids except for drops or syrups consisting of vitamins,

109 mineral supplements, or medicines [3]. Anything other than breast milk is defined as a
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complementary food; thus infants who receive infant formula are considered to have started
complementary feeding, even if this is from birth. The inclusion of infant formulas as CF is
intended to emphasize and encourage breast-feeding. However, as in our previous position
paper, and in agreement with a more recent EFSA opinion [4], the Committee regards this as
unhelpful and even confusing because infants living in Europe are often fed infant formulas
from the first weeks of life either alongside breastfeeding or as the sole diet. Whilst our
preference is to use the term “complementary feeding” to include all solid and liquid foods
other than breast milk or infant formula it is recognised that studies reviewed in the paper use
different definitions, with many focussing on the duration of EBF rather than the introduction
of solid foods. Throughout this position paper, 4 months equates to 17 weeks or the beginning

of the 5" month and 6 months equates to 26 weeks or the beginning of the 7" month.

BACKGROUND AND CURRENT RECOMMENDATIONS

Timing of introduction of complementary foods

The WHO recommends EBF for 6 months, followed by the introduction of CF alongside
breastfeeding [3]. This recommendation was based on a consideration of the optimal duration
of EBF and, since infant formula is defined by WHO as a CF, it did not consider the optimal

age for introduction of solid foods in formula-fed infants.

A systematic review of the optimal duration of EBF [5] commissioned by the WHO in 2000
compared mother and infant outcomes with EBF for 6 months versus EBF for 3 to 4 months
followed by partial breastfeeding alongside CF. Of 16 eligible studies, 7 were from low income
countries and 9 were from high income countries. Only 2 were RCTs comparing different EBF
recommendations, both conducted in a low income setting [6,7]. In the most recent update of
the systematic review and meta-analysis [8], 23 eligible studies were identified with 11 from
low and 12 from high income countries; no new RCTs were included. The review concluded
that there were no deficits in growth, nor effects on allergy with 6 months EBF, but that it was

not possible to rule out that EBF without iron supplementation through 6 months may
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compromise hematologic status in vulnerable infants. There were some benefits to mothers
in low income settings from 6 months EBF in terms of delayed return of menses (in Honduras,
Bangladesh and Senegal), and faster post-partum weight loss (in Honduras). However, the
most relevant finding for infants in higher income countries was a reduced risk of one or more
episodes of gastrointestinal infection with EBF for 6 months versus EBF for 3 months with
partial breastfeeding thereafter (adjusted odds ratio (OR) 0.61 (95% CI 0.41-0.93)); this came
from observational analysis of data from a trial of a breast-feeding promotion intervention in

Belarus [9].

Following the WHO systematic review and expert consultation, in 2001 the World Health
Assembly revised its recommendation to EBF for 6 months and partial breast-feeding
thereafter. The recommendations from the expert consultation emphasised that it applied to
populations rather than individuals and that mothers who were unable or unwilling to follow
this recommendation should also be supported to optimise their infant’s nutrition [4]. Many
countries subsequently adopted this recommendation for the duration of EBF, sometimes with
gualifications. For example, in Sweden and the Netherlands it is suggested that breast-fed
infants can receive ‘trial foods’ or ‘small tastes’ between 4 and 6 months, but that these foods
should not replace milk [10,11]. Other countries continued to recommend the introduction of
CF between 4 and 6 months [3]. The WHO reviewers highlighted the need for larger
randomised trials to test different recommendations on the timing of CF. To date, only three
RCTs have been published [12-14], reflecting the practical and to some extent ethical
difficulties of conducting such research particularly once a recommendation has been made.
Only one randomised trial has investigated the effect of introducing solid foods at 3-4 versus
6 months in 147 predominantly formula-fed infants [15] and this study reported no effect of the
intervention on growth, body composition and energy or nutrient intake up to 12 months of

age.

Recommendations on other aspects of complementary feeding
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Evidence for the optimal timing for the introduction of specific individual foods is generally
lacking, and recommendations thus vary between countries, reflecting cultural factors and
food availability. Most countries recommend that whole cow’s milk should not be introduced
as a drink before the age of 12 months. Most authorities highlight the importance of providing
good sources of iron during CF although specific recommendations vary according to the
population and risk of iron deficiency. Recognising that infants consume foods and diets rather
than individual nutrients, some European countries have translated nutrient intake
recommendations for infants and young children into food based dietary guidelines to help
provide caregivers with an indication of suitable age-appropriate foods to meet dietary needs

[16,17].

CURRENT PRACTICE

Robust data on current CF practices for European countries are limited but most published
figures suggest that a minority of mothers EBF for 6 months. For example, Schiess et al [18]
reported data on the timing of introduction of CF in infants born between 2002 and 2004 in 5
EU countries (Belgium, Germany, Italy, Poland, Spain). CF were introduced earlier in formula-
fed infants (median 19 weeks, interquartile range 17-21) than breast-fed infants (median 21
weeks, interquartile range 19-24), with significant differences between countries. 37% of
formula-fed infants and 17% of breast-fed infants received CF earlier than at 4 months, with >
75% versus > 50% receiving CF at 5 months and 96% versus 87% receiving CF at 6
completed months for formula-fed and breast-fed infants respectively. More recent data from
the UK Infant Feeding Study [19] indicated that 17% of infants born in 2010 were EBF at 3
months, 12% at 4 months and only 1% at 6 months. In the Czech Republic 17% of mothers
were EBF at 6 months [20], with figures from Sweden in 2013 of 40% EBF at 4 months and
9% at 6 months [21], and 2015 figures from the Netherlands of 47% EBF at 3 months and
39% at 6 months [22]. It is likely that cultural and economic factors are responsible for

variations in practice between and within countries.
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In contrast to the situation in infants from low income countries, the majority of European
infants are unlikely to experience deficiencies of macronutrients during the CF period. Indeed,
data on nutritional intakes of infants from a number of European countries [16] suggested that
dietary intakes of energy, protein, sodium chloride and potassium of infants and young children
are generally higher than recommended. However, the same review concluded that intakes of
n-3 PUFAs, vitamin D and iodine are critical in some infants and young children, and that some
sub-groups in this population may be at risk of inadequacy. The potential consequences of

this are discussed in subsequent sections.

TIMING OF INTRODUCTION OF COMPLEMENTARY FEEDING

Physiological and Neurological Maturation

The physiological maturation of renal and gastrointestinal function necessary for an infant to
metabolise non-milk foods, and the neurodevelopmental changes necessary for safe and
effective progression to a mixed diet, have been reviewed in several reports [3,23]. The
available data suggest that both renal function and gastrointestinal function are sufficiently
mature to metabolise nutrients from CF by the age of 4 months and that, to a large degree,

gastrointestinal maturation is driven by the foods ingested.

With respect to neurodevelopment it is likely that there is a range at which infants attain the
necessary motor skills to cope safely with solid foods. The skills required for an infant to safely
accept and swallow pureed CF from a spoon typically appear during the 4-6 month period [3]
whilst those required to handle lumpy (semi-solid) foods or to self-feed, as currently advocated
in the ‘baby-led’ approach popular in some countries (see below), will appear later in the first
year. From 9 months, most infants are capable of feeding themselves, drinking from a cup
using both hands, and eating family foods with some adaptations (cut into bite-sized pieces
and eaten from a spoon, or as finger foods). There is some evidence to suggest that there
may be a critical window for introducing lumpy solid foods, and that failure to introduce such

foods by around 9-10 months of age is associated with an increased risk of feeding difficulties
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and reduced consumption of important food groups such as fruit and vegetables later on
[24,25]. It is therefore important for both developmental and nutritional reasons to give age-
appropriate foods of the correct consistency and by a method appropriate for the infant’'s age

and development.

Nutritional adequacy of EBF

Recommended nutrient intakes for infants during the first 6 months are based on the
estimated nutrient intake of healthy term breast-fed infants who are growing normally. A
WHO-commissioned review [26] and a more recent EFSA opinion paper [3] concluded that
EBF by well-nourished mothers for six months can meet the needs of most healthy infants
for energy, protein and for most vitamins and minerals (apart from vitamin K in the first
weeks and vitamin D; both of which can be addressed by supplementation [27,28]).
However, the EFSA Panel also noted that the age at which EBF provides insufficient energy
cannot be defined by the available data and that the introduction of CF needs to be decided
individually. Most available data on the nutritional adequacy of EBF for 6 months comes from
mothers and infants who follow this practice; this group is a minority in all populations and
caution must be exercised in generalising findings since these mothers and infants may not
be representative of the rest of the population. In an observational study using stable
isotopes to measure milk intake and energy content non-invasively, Nielsen et al [29]
reported that milk intake increased significantly between 17 and 26 weeks in infants who
were EBF, whilst breast milk energy content did not change. All infants in this study grew
normally according to WHO growth charts and there were no obvious signs of ‘strain’ in the
breastfeeding process, demonstrating apparent physiological adaptation with continued
EBF. However, these were a highly selected group of mothers - 90% with a university
degree - and it is uncertain whether their data can be considered representative of the rest of
the population. Two RCTs have reported growth in infants randomised to different duration
of EBF. In the EAT study [13] 1303 British infants who were EBF for at least 3 months were

randomised to introduce six allergenic CF alongside continued breastfeeding or to follow
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current UK advice to EBF for 6 months. The median (25", 75™"centile) age at introduction of
CF was 16 (15, 17) weeks in the intervention group and 24 (21, 26) in the control group. The
intervention group had a higher BMI at 12 months (BMI SD score 0.40 (SD 0.91) versus 0.29
(0.92) in the control group, p=0.05), but no significant difference in anthropometric
measurements at age 3 years. A small (h=100) RCT conducted in a high income setting in
which Icelandic mothers were randomised to 4 versus 6 months EBF, also reported that
there was no difference in growth up to 6 months of age [12] or to pre-school age [30]

between groups.

As recently reviewed by the ESPGHAN CoN [31], infants and young children are at particular
risk of iron deficiency because their rapid growth leads to high iron requirements. Two RCTs
[7,32] and two observational studies ([33-35] summarised in Supplementary Table 1) have
investigated the effect of age at introduction of CF on iron stores and/or risk of iron deficiency
and anaemia. Collectively, these data suggest there may be some beneficial effect on iron
stores of introducing CF alongside breastfeeding from 4 months, even in populations at low
risk for iron deficiency. However the situation is complicated since iron stores are dependent
on a number of factors and may be optimised by methods other than the earlier introduction
of CF, including delayed umbilical cord clamping (as recommended by this committee [31]))
and iron supplementation in at risk infants such as those born preterm or with a low birth
weight. Regardless of timing, it is important that the first CF given to infants who are EBF

should provide a good source of iron.

Since the composition and health effects of breast-milk differ from those of infant formula, on
a theoretical basis it may seem sensible to give different recommendations on CF to breast-
fed versus formula-fed infants. However, despite these theoretical considerations, devising

and implementing separate recommendations for the introduction of solid foods for breast-fed
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infants and formula-fed infants may present practical problems and cause confusion among

caregivers.

Timing of introduction of complementary feeding and health outcomes

Infection

Although numerous studies have investigated associations between breastfeeding and risk of
infection, fewer have specifically addressed the effect of EBF duration or the introduction of
solid foods, and all but one are observational. The findings are difficult to compare due to
differences in definitions and categorisation of breastfeeding/EBF, classification and
definitions of infection and methods of ascertainment for both exposure and outcome
variables. Nevertheless, collectively the observational studies ([9,13;36-42] summarised in
Supplementary Table 2) suggest that more prolonged EBF may protect against infection and
hospitalisation for infection in infants in high income settings with access to clean water
supplies and safe CF. Importantly for practice, in the UK Millenium Birth Cohort Study [43], it
was shown that it was the introduction of infant formula, not solid foods, that predicted an
increased likelihood of hospital admission. The monthly risk of hospitalisation was not
significantly higher in those who had received solids compared with those not on solids (for
diarrhoea, adjusted odds ratio 1.39, 95% CI 0.75 to 2.59; for lower respiratory tract infection
(LRTI), adjusted odds ratio 1.14, 95% CI 0.76 to 1.70), and the risk did not vary significantly
according to the age of starting solids. Most recently, the EAT RCT, in which the median
duration of EBF was 16 weeks in the intervention group and 24 weeks in the control group,
found that parent-reported upper respiratory tract infection (URTI) in the 4-6 months period
was significantly higher in the intervention group but there was no significant difference for
parent-reported LRTI, bronchiolitis or other infections, nor in parent-reported diarrhoea
between groups (mean (SE) days affected between 4 and 6 months 0.62 (0.06) for the
intervention group versus 0.66 (0.08) for controls, p=0.7). Interestingly, infants in the
intervention group consumed most of their CF as solid foods; use of infant formula was low

with only 10.5% consuming more than 300ml per day by 6 months [13, 44]. Thus these findings
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are consistent with the results from the Millenium Birth Cohort Study in suggesting that the
introduction of solids alongside breastfeeding may not result in an increase in infection risk,

with the exception of URTI.

Allergy

Paradoxically, many higher income countries have observed rising rates of food allergy,
despite advice to restrict and delay exposure to potentially allergenic foods, including cows’
milk, egg, fish, gluten, peanut, and seeds. Moreover, countries where peanuts are commonly
used as weaning foods, such as Israel [45] have a low incidence of peanut allergy. These
observations have prompted further research on the hypothesis that the development of
immune tolerance to an antigen may require repeated exposure, perhaps during a critical early
window, and perhaps modulated by other dietary factors including breast-feeding. Systematic
reviews have concluded that there is evidence of an increased risk of allergy if solids are
introduced before 3-4 months but there is no evidence that delaying the introduction of
allergenic foods beyond 4 months reduces the risk of allergy, either for infants in the general
population or for those with a family history of atopy [46]. Observational data also suggest an
increased risk with delayed introduction of certain allergens [47]. However, it is impaossible in

these studies to exclude reverse causality as an explanation for the observed associations.

Data from a number of randomised trials investigating relationships between the timing of
introduction of allergenic food and later allergy are now available. A recent systematic review
and meta-analysis [48] concluded that there was moderate-certainty evidence from 5 trials
(1915 participants) that early egg introduction at 4 to 6 months was associated with reduced
egg allergy risk (risk ratio 0.56 (95% CI 0.36-0.87), p=0.009), with similar findings in studies
undertaken in populations at normal-risk, high-risk and very high-risk of allergy. Two of the
trials reported that infants first exposed to egg in raw pasteurised form may suffer severe
allergic reactions due to prior sensitisation, but this was not reported in trials using cooked or

heated egg.
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The meta-analysis also concluded there was moderate-certainty evidence from two trials
(1550 participants; one normal-risk [13 (EAT)], one high-risk [49] (LEAP)]) that early peanut
introduction at 4 to 11 months was associated with reduced peanut allergy risk (RR 0.29 (95%
Cl 0.11-0.74), p=0.009). Follow-up of children from the LEAP trial at age 6 years, after a 12-
month period of peanut avoidance, found no increase in the prevalence of peanut allergy in
the intervention group [50]. Based on this trial, interim advice from 10 International Paediatric
Allergy Associations recommended that infants at high risk of peanut allergy as defined in the
LEAP study should be exposed early to peanut [51] following evaluation by an appropriately
trained specialist. With regard to timing of introduction of peanut, although infants in the LEAP
trial were recruited between 4 and 11 months, a post hoc analysis indicated that the
percentage of subjects with positive skin prick test results progressively increased as the age
at enrolment increased [52]; thus the introduction of peanut closer to age 4-6 months resulted

in introduction to more non-sensitised infants with a reduced risk of reacting to peanut.

The third conclusion of the meta-analysis was that there was low- to very-low certainty
evidence that early fish introduction was associated with reduced allergic sensitisation and
rhinitis. No associations were identified between the age at introduction of allergenic foods
and other allergic or autoimmune diseases. The authors concluded that the systematic review
findings should not automatically lead to new recommendations to feed egg and peanut to all
infants, and there are a number of issues to consider in practice, including acceptability to
parents and logistical aspects of screening high-risk infants. However, the findings are
consistent with advice that there is no need to delay the introduction of allergenic foods after
4 months. Importantly, the EAT study showed that the early introduction (from 3-4 months) of
6 allergenic foods in normal-risk infants was safe and had no apparent detrimental impact on
breastfeeding; > 96% of infants in both intervention and control groups were still breastfeeding

at 6 months and >50% at 12 months [44].

Celiac Disease
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Celiac disease (CD) is a disorder in which consumption of gluten in a genetically susceptible
individual results in an autoimmune reaction affecting the gut and other organs. It affects
approximately 1-3% of the general population in most parts of the world, except for populations
such as in South East Asian which the HLA risk alleles (HLA-DQZ2and/orDQ8) are rare. There
has been considerable discussion on whether infant feeding practices — notably the age at
introduction of gluten and breastfeeding — can prevent the occurrence of CD. In 2008, based
on the available evidence obtained exclusively from observational studies, the ESPGHAN
CoN concluded that it is prudent to avoid both early (<4 months of age) and late (=7 months
of age) gluten introduction and to introduce gluten while the infant is still being breastfed, as
this may reduce not only the risk of CD, but also type 1 diabetes mellitus and wheat allergy
[2]. However, two recent RCTs examined the effect of the age of gluten introduction on the
risk of developing CD autoimmunity (CDA) or CD during childhood in children at genetic risk
for CD. Evidence from these RCTs showed that the age of gluten introduction into the infant's
diet affected the incidence of each during the first 2 years, but not the cumulative incidence
and prevalence of CD during childhood, thus indicating that primary prevention of CD through
varying the timing of introduction of gluten is not possible at the present time [53,54]. A
systematic review that evaluated evidence from prospective observational studies published
up to February 2015 also concluded that BF, any or at the time of gluten introduction, had no

preventive effect on the development of CDA or CD during childhood [55].

Updated recommendations on gluten introduction in infants and the risk of developing CD
during childhood have been recently published by ESPGHAN [56] concluding that (1) neither
any breastfeeding nor breastfeeding during gluten introduction has been shown to reduce the
risk of CD; (2) gluten may be introduced into the infant's diet anytime between 4-12 months of
age; (3) based on observational data pointing to the association between the amount of gluten
intake and risk of CD, consumption of large quantities of gluten should be avoided during the
first weeks after gluten introduction and during infancy. However, the optimal amounts of gluten

to be introduced at weaning have not been established. Although the risk of inducing CD
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through a gluten-containing diet exclusively applies to persons carrying at least one of the CD
risk alleles, since genetic risk alleles are generally not known in an infant at the time of solid

food introduction, the recommendations apply to all infants.

Type 1 Diabetes Mellitus

A recent systematic review [57] on the possible relationship between infant feeding practices
and the later development of type 1 diabetes identified 9 publications. Breastfeeding at the
time of gluten introduction, as compared to gluten introduction after weaning, did not reduce
the risk of developing type 1 diabetes autoimmunity or type 1 diabetes. In children at high
risk of developing type 1 diabetes, gluten introduction at < 3 months compared with gluten
introduction at >3 months of age was associated with increased risk of type 1 diabetes
autoimmunity, but beyond 3 months the age of gluten introduction had no effect on the risk
of developing type 1 diabetes. The evidence came mainly from observational studies,

highlighting the need for more robust data from RCTs.

Growth and body composition

RCTs comparing infant growth in subjects randomised to 4 versus 6 months EBF in Honduras
[58] and Iceland [12] reported no short-term effect, consistent with the findings from a
randomised trial of introduction of solid foods at 4 versus 6 months of age in formula-fed infants
[15]. Data on the effects of age at introduction of CF and growth or obesity outcomes beyond
12 months of age come almost exclusively from observational studies. The interpretation of
these data is complicated by the fact that infant feeding practices may themselves be
influenced by infant growth and energy intake, since infant weight, weight gain and energy
intake have been found to predict earlier age at introduction of solid foods [59]. A recent
systematic review [60] identified 26 eligible studies and concluded that the majority, including

the only RCT and five large quality studies with robust adjustment for confounders, showed
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no association between age at introduction of solids and later anthropometry or risk of obesity.
However, evidence from two large, good-quality studies suggested increased later obesity risk
associated with very early introduction of solids (<4 months) and a third good-quality study
confirmed this association in formula-fed but not breastfed infants. None of the four good-
quality studies provided evidence for any clinically relevant protective effect of delaying solid
introduction from 4—6 to >6 months of age. Consistent with this, follow-up data collected up to
pre-school age from Icelandic infants randomised to 4 versus 6 months of EBF also reported
no significant different in anthropometric measures or in the risk of overweight and obesity
between groups [30]; whilst data from the EAT RCT showed higher BMI in the intervention
group at 12 months (BMI SD score 0.40 (SD0.91) versus 0.29 (0.92) in the control group,

p=0.05, but no significant different in anthropometric measurements at age 3 years [13].

Neurodevelopment

The critical period during which the dietary supply of specific nutrients may influence the
maturation of cortical function and specifically whether this window extends into the CF period,
is unknown. Follow-up of Icelandic infants randomised to 4 versus 6 months of EBF reported
no significant difference in developmental outcomes on routine pre-school screening tests or
parent-report measures (Parent’s Evaluation of Developmental Status questionnaire (PEDS)
guestionnaire at 18 months and PEDS plus Brigance Screens-IlI at 30—35 months) between
groups [61]. Similarly, in an observational analysis, children from the large PROBIT study who

were EBF for 3-4 versus 6 months did not differ in their IQ measured at age 6 years [62].

CONTENT OF THE COMPLEMENTARY FEEDING DIET AND EFFECT ON HEALTH
OUTCOMES

Nutrient requirements during complementary feeding

Nutrient requirements for infants between 6 and 12 months of age are based on data from a
combination of sources including the observed nutrient intakes of infants who are apparently

healthy and growing normally, and a factorial approach [16]. Requirements from CF are
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calculated as the difference between the nutrients provided by breast milk and the estimated
total requirement. However, this approach may be problematic since most infants, especially
in higher income populations, do not receive breast milk during the second 6 months of life.
The nutrients provided by infant formulas and follow-on formulas differ from those provided by
breast milk during this period — notably for protein and iron — and therefore the theoretical
amount that needs to be provided by CF will vary. Thus the infant’s main source of milk is an

important determinant of the amount of nutrients that are required from CF.

Fat intake is an important determinant of energy supply, and energy requirements remain high
throughout the first year of life. A low fat CF diet will typically result in a diet with a low energy
density which may mean that the total amount of food needed to meet energy requirements is
so large that the infant is unable to eat enough [63,64]. Conversely, a high fat diet (with fat
content above 50%) may lead to reduced dietary diversity. An EFSA panel recommended
that fat should constitute 40% of energy intake from 6-12 months, including 4% of energy from

linoleic acid, 0.5% from alpha-linolenic acid and 100 mg/day from DHA [16].

By 6 months of age, the infant’s endogenous iron stores will have been used up and the need
for exogenous iron increases rapidly as the physiological requirement per kg body weight
becomes greater than later in life. Based on theoretical calculations, the ESPGHAN CoN
recently suggested the dietary iron requirement to be 0.9 -1.3 mg/kg/day from 6-12 months
[31] consistent with recommendations from other authorities for infants aged 6-12 months
which range from 6 to 11 mg per day [16]. The relatively high estimated dietary requirements
may not be achievable in practice without using fortified foods, iron-supplemented formulas or
iron supplements. However, the requirement may be lower if bioavailable sources of iron such
as red meat are used. Dietary iron is available in haem and non-haem forms. Haem iron is
found in the haemoglobin and myoglobin of animal foods, notably red meat, liver and organ
meats. Absorption of iron from haem sources is ~ 25% and is not affected by dietary factors

such as ascorbic acid, although the haem iron itself may enhance absorption of iron from non-
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haem sources. Sources of non-haem iron include pulses (eg. dried beans, peas, lentils,
chickpeas), nuts, green leafy vegetables, dried fruit and foods fortified with iron such as certain
breads and cereal-based products. Facilitators of absorption include human milk, meat
proteins, ascorbic and citric acids and fermented vegetable products, whilst inhibitors include

cocoa, polyphenols, phytates, tannins, dietary fibre, calcium and cows’ milk [65].

Studies investigating the effects of different CF practices and sources of iron on iron status
are summarised in Table 1 [66-69]. As summarised in the CoN position paper on iron
requirements of infants and toddlers [31], there is some evidence that CF with a high meat
content increase haemoglobin concentration. One RCT reported that a high meat intake had
a similar effect on iron status to iron-fortified cereals even though the daily iron intake from
cereals was five times greater [67]. However, pilot data from this study suggested possible
effects of the intervention on the microbiota raising the hypothesis that providing large
amounts of iron in a form which is not easily absorbed could have adverse consequences.
Observational studies also suggest that infants who consume large volumes of cows’ milk
have a greater risk of iron deficiency and iron deficiency anaemia which is likely to reflect both
the low iron content and bioavailability of iron from cows’ milk and the displacement of other

iron-rich foods [70,71].

Growth and body composition

Macronutrient intake

Overconsumption of energy-dense CF may induce excessive weight gain in infancy, which
has in turn been associated with a 2-to 3-fold higher risk of obesity in school age and childhood
[72,73]. A literature review considering the quantity and quality of fat intake between 6 and 24
months concluded that the amount of fat does not show associations with later health
outcomes, and that relatively high-fat diets do not seem to be harmful. It also highlighted the

need for further research on the effects of fat quality on health outcomes [74].
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A systematic review of protein intake from O to 18 years of age and its relation to health
conducted for the 5th Nordic Nutrition Recommendations [75] with literature reviewed up to
December 2011, concluded that there was convincing (grade 1) evidence that higher protein
intake in infancy and early childhood was associated with increased growth and higher BMI in
childhood, particularly when the energy percentage from protein (PE%) at 12 months of age
was between 15 and 20%. A mean intake of 15 PE% was proposed as the upper limit at 12
months on the basis that there is no risk of an inadequate protein intake at this level, and that
this is also comparable to the protein content of an average diet among children in the Nordic
countries during the first few years. Since this review, data from a 6-year follow-up of the
European Childhood Obesity project reported that children randomised to infant formula and
follow-on formula with a lower protein content during the first year of life had lower BMI and a
reduced risk of obesity than children randomised to higher protein formulas (with a protein
content higher than that found in most current formulas); the greatest effect was seen in those
with the highest BMI percentiles suggesting a potential interaction with either genetic or
metabolic factors [76]. Data from the observational Gemini twin cohort also show a positive
association between PE% at mean 21 months and mean weight and BMI gain between 21

months and 5 years [77].

An important issue, with practical implications, is whether all protein sources have similar
effects on growth and adiposity. The Nordic review concluded that there was limited-
suggestive evidence (grade 3) that the intake of animal protein, especially from dairy, has a
stronger positive association with growth than does vegetable protein, and the association
found between higher intake of milk and increased levels of sIGF-I was considered to
strengthen this finding [75]. This has relevance for the protein content of infant formulas and
follow-on formulas which are frequently used during the CF period in high income countries.
Given increasing evidence that the protein intake of infants in high income countries generally
exceeds recommendations, and that this may be causally related to an increased risk of

obesity, the recent EFSA scientific opinion on the composition of infant formulas and follow-
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on formulas [78] recommended that the minimum level of protein in cows’ milk based infant
formulas and follow-on formulas should remain at 1.8 g/100kcal, but that the upper limit for
protein content of follow-on formulas should be reduced from 3.0 to 2.5g/100kcal. The
minimum permitted protein level for infant formulas still provides more protein than breast milk
beyond 3-4 months of age and studies are now being performed evaluating whether the
protein content of infant formulas for use beyond about 3 months of age can be safely reduced
further using high quality sources. Although further studies and longer follow-up is required,
the findings from two trials [79,80] suggest that use of lower protein formulas with high quality
sources of protein alongside CF may be beneficial in terms of weight gain and subsequent

obesity risk.

A recent paper reporting data from the large prospective UK ALSPAC cohort investigated both
the macronutrient intake and the type of milk fed at 8 months in relation to subsequent growth
at 14 time-points up to 10 years of age [81]. After adjustment for potential confounding factors
(maternal education, smoking and parity), children with an intake of cows’ milk >600ml per
day at 8 months were significantly heavier from 8 months to 10 years than those who received
predominantly breast milk. Those who received >600ml per day of infant formula at 8 months
were also heavier and taller than those who received breast milk up to 37 months of age but
not beyond this. At 8 months, infants receiving high volumes of cows’ milk had significantly
higher mean energy, protein and fat intakes than breast-fed infants. Non milk energy intake
was lower in the cows’ milk and formula groups but this did not compensate for the additional
energy consumed from the milk. Differences in macronutrient intakes had largely disappeared
by 18 months of age. Interestingly, differences in later growth between cows’ milk and breast
fed infants remained after adjusting for protein and energy intakes measured at each follow-
up, suggesting that early intakes may have programmed the later outcomes, perhaps via

effects stimulatory effects of cows’ milk protein on IGF-1.

Dietary patterns and later growth or body composition
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An approach increasingly adopted in recent years has been to derive measures describing
dietary patterns rather than the intake of individual nutrients or foods. For example, principal
component analysis (PCA) can be used to identify dietary patterns that reflect foods that tend
to be consumed together. Another approach is the use of dietary indices which consider
dietary variety, nutrient adequacy, or, most commonly, adherence to dietary guidelines to
provide a summary measure reflecting diet quality. Using food frequency questionnaire data
obtained at 6 and 12 months in 6065 infants from the British ALSPAC cohort, Golley et al [82]
derived a Complementary Feeding Utility Index (CFUI) based on 14 components of the diet
considered to reflect adherence to National and International guidance on optimal infant
feeding. The CFUI score was shown to discriminate across food intake, nutrient intake and
socioeconomic patterns; and was associated with dietary patterns classified using PCA at age
3 years. There was a weak association between a higher (more favourable) CFUI score and

lower waist circumference measured at age 7 years, but no association with BMI [83].

Using a similar approach, Robinson et al used PCA to derive an ‘infant guideline’ pattern of
dietary intake in 1740 infants form the Southampton Women’s Survey [84] which reflected
high adherence to advice on CF, including a high intake of fruit and vegetables and use of
home-prepared foods. At 4 year follow-up (n=536), those in the top quartile for ‘infant guideline’
pattern in infancy had significantly higher lean mass than those in the lowest quartile, after
adjusting for confounding factors which included current height and the duration of

breastfeeding.

Meyerkort et al [85] assessed associations between dietary quality at age 1 year and later BMI
in 2562 children from the Western Australian (Rayne) birth cohort. Dietary quality was
assessed by the Eating Assessment in Toddlers (EAT) diet score which included seven
components: wholegrain, vegetables, fruits, meat ratio, dairy, snack foods and sweetened

beverages; a higher score represented greater consumption of desirable foods and lower
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consumption of foods that are not recommended. There were no consistent associations

between EAT score and BMI at 3, 5, 8, 10, 14 or 17 years.

Neurodevelopment

Iron intake

In the recent ESPGHAN CoN position paper it was concluded that evidence from intervention
trials testing iron supplementation of follow-on formulas show conflicting results on cognitive
outcomes [31]. Two studies have reported on the effects of meat intake during CF on later
development. Meat is a good source of iron and zinc, but also arachidonic acid which is
important in brain development. In a prospective observational study using 7-day weighed
food diaries to collect data at 4,8,12 and 16 months, Morgan et al [86] found positive
associations between meat intake between both 4-12 and 4-16 months and Bayley
psychomotor development scores at 22 months. In contrast, Krebs et al reported data from a
randomized trial comparing pureed beef and iron-fortified cereals given as the first
complementary food to 5-7 months breast-fed American infants, and observed no significant

difference in Bayley mental or motor development scores at 12 months [67].

LCPUFA intake

Long chain polyunsaturated fatty acids, notably docosahexaenoic acid (DHA), play an
important role in brain development. It is known that DHA status tends to decline during the
complementary period when the intake of breast milk or LCPUFA-supplemented formula
decreases. One study showed that breastfeeding, Fatty acid dehydrogenase (FADS)
genotype and fish intake are important determinants of blood DHA status in late infancy, with
each 10-g increment in fish intake being associated with a 0.3 FA% increase in DHA status
[87]. Four studies have investigated the effect of supplying additional LCPUFA or precursor

fatty acids in CF, demonstrating effects on red cell or plasma fatty acid status [88-91], although
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only one study incorporated a clinical outcome; breast-fed infants randomised to receive 1 jar
per day of weaning foods containing DHA-enriched egg yolk had a greater increase in visual
acuity resolution by 12 months than those fed control baby food. Two additional trials
investigated the role of LCPUFA supplementation of infant formulae during the CF period, with
infants randomized to LCPUFA-supplemented versus unsupplemented formulae when they
stopped breast-feeding at either 6 weeks [92] of age or 4 to 6 months [93] of age. Those who
received the supplemented formula had significantly better visual acuity up to 1 year of age

than did those weaned to unsupplemented formula.

Collectively, these studies suggest that the intake of oily fish, DHA or precursor fatty acids
during the CF period may influence DHA status, with some evidence for effects of DHA-
enriched egg yolk or supplemented follow-on formula on short-term visual function. This is
important given the conclusions of the EFSA Panel [16] that intakes of n-3 PUFASs are critical
in some infants and young children in Europe, and that some sub-groups in this population

may be at risk of inadequacy.

Dietary patterns

Using the Complementary Feeding Utility Index (described previously), Golley et al [83]
reported that, after adjusting for confounding factors, a 0.1 increase in the CFUI score was
associated with a 1-2 point higher total, verbal and performance 1Q at age 8 years in 4429
children from the ALSPAC cohort. Further analyses adjusting for maternal 1Q in a sub-group
of 1776 children showed that a 0.1 increase in CFUI was associated with a 1.27 point increase

in full scale 1Q (95% CI 0.41-2.13) and a 1.55 (0.67-2.43) point increase in verbal 1Q.

Using data from the same cohort, with dietary patterns classified using PCA, Smithers et al
[94] also reported associations with 1Q at age 8 years. Specifically, the ‘discretionary’ pattern

(biscuits, chocolate, sweets, soda and crisps) was associated with 1-2 point lower 1Q, whereas
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a ‘breastfeeding’ pattern at 6 months and a ‘homemade contemporary’ pattern at 15 and 24

months were associated with 1-2 point higher 1Q.

Gale et al [95], using data from 241 children from the Southampton Women'’s study reported
that the ‘Infant guideline’ pattern, indicating high adherence to recommendations for infant
feeding as described previously, was associated with higher full scale and verbal 1Q at age 4

years, even after adjusting for maternal 1Q.

Nyaradi et al [96] assessed associations between dietary quality at age 1 year and cognitive
outcomes at age 10 years in 1455 children from the Western Australian (Rayne) birth cohort.
Higher dietary quality scores at age 1 year were associated with higher measures of verbal
and non-verbal 1Q, with specific positive associations for fruit intake and negative
associations with intake of sugar sweetened beverages. In further analyses [97], a higher
dietary quality score at age 1 year was also associated with higher scores for school
achievement (maths, reading, writing and spelling) at ages 10 and 12 years. These
associations persisted after adjusting for confounders, although maternal IQ was not

available.

Cardiovascular Disease

Although there is increasing evidence for an adverse effect of rapid infant growth on later
cardiovascular outcomes, less is known about whether diet during the CF period may influence
these outcomes. Follow-up of children from the PROBIT trial at 6.5 years reported no
difference in blood pressure between those EBF for 3-4 versus 6 months [61]. The specific role
of LCPUFA intake during the CF period on later blood pressure was evaluated by a study in
which 9-month-old infants were randomized to a fish oil supplement for 3 months or no
supplement [98]. Those receiving fish oil had significantly lower systolic blood pressure at 12
months of age (by 6.3mmHg (95% CI 0.9-11.7) but also higher plasma cholesterol (by

0.51mmol/l (0.07-0.95) and LDL-cholesterol (by 0.52mmol/l (0.02-1.01). Golley et al [83]
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reported a negative association between the CFUI in the ALSPAC cohort and diastolic blood

pressure at 8 years of age, but no statistically significant association with plasma cholesterol.

Dental Caries

Sugar intake is the major dietary risk factor for the formation of dental caries. Sucrose is the
most cariogenic sugar because it can form glucans that enable bacterial adhesion to teeth and
limit diffusion of acid and buffers in the plaque [99]. Nutrition education and counselling aimed
at reducing caries in children is directed at teaching parents the importance of reducing high-
frequency exposure to apparent and hidden sugars (see below). Advice generally includes
avoiding consumption of juice or other sugar-containing drinks in bottles or training cups,
discouraging the habit of a child sleeping with a bottle, limiting cariogenic foods to mealtimes,

and establishing good dental hygiene starting when the first tooth erupts.

METHOD OF FEEDING

Development of taste and food preferences

A considerable amount of learning about food and eating occurs during the transition from an
exclusive milk diet to the diet consumed in early childhood. Infants have innate, evolutionary
driven preferences for sweet and salty tastes, which would have been advantageous in
situations where energy and mineral-dense foods were scarce but which are likely to be a
disadvantage in current obesogenic environments. They also have an innate dislike of bitter
taste which may indicate potentially toxic foods [100]. However, there is evidence that these
predispositions can be modified by early experience, and parents thus play an important role

in establishing good dietary habits.

A recent systematic review [101] including observational studies as well as RCTs investigated
the effect of exposure to specific tastes in utero or during early infancy via breast-milk or
formula on later taste acceptance. Overall, there was evidence for programming of the

acceptance of bitter and specific tastes. The review did not focus specifically on exposures
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during the CF period although studies were identified that assessed exposure to sweet, salty,
sour and specific tastes with apparently similar numbers reporting either no change or
increased intake following prior exposure to the different tastes. Beauchamp and Moran [102]
examined the preference for sweet solutions versus water in approximately 200 infants. At
birth, all of the infants preferred sweet solutions to water, but by 6 months of age, the
preference for sweetened water was linked to the infants’ dietary experience. Infants who were
routinely fed sweetened water or honey by their mothers (25%) maintained their preference
for sweetened water whereas this preference was no longer apparent in infants who were not
exposed. There was no apparent effect of breast or formula-feeding on sugar preferences at
6 months. Stein et al [103] found that early dietary experience was related to salt acceptance,
with only those infants previously exposed to starchy table foods (n=26; defined as cereals or
proceed grain products not labelled as infant foods) preferring salty solutions at 6 months of
age (p = 0.007). Infants eating starchy table foods at 6 months were more likely to lick salt
from the surface of foods at preschool age (p = 0.007) and tended to be more likely to eat
plain salt (p = 0.08). Preference for sweet taste at follow-up was not related to early feeding
experience and early exposure to home-prepared fruit was not associated with salt-directed

or sweet directed behaviours.

Thus it appears that parents and care-givers can modify the innate preferences of their infant,
but these preferences (good or bad) will only be reinforced if the infant continues to be exposed
to the food. Preferences for healthy foods can be developed; for example, repeated early
exposure to the taste of some vegetables enhances liking for those vegetables with effects
persisting up to 6 years later [104,105]. Infants exposed to an intervention with greater variety
of vegetables during complementary feeding also consumed a greater variety at 6 year follow-
up [105]. This emphasises the importance of optimising dietary variety and including healthy
foods during CF. Importantly, an infant may need to receive a new flavour 8-10 times before

accepting it, and parents should therefore be encouraged to persist in offering infants a new
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food as long as they continue to accept it, even if the infant’s facial expression might suggest

it is disliked [104]. The addition of salt and sugar to CF should be discouraged.

Method of feeding

Parents play a major role during the CF process, making decisions on the timing and content
of the diet, and also the way in which the infant is fed, setting rules and expectations, and
providing a role model. In addition to the timing and content of the CF diet, it is likely that the
way in which foods are given to the infant, and the interaction between parent and infant during

CF may influence outcomes such as food and dietary preferences and appetite regulation.

In recent years, infants in higher income settings have generally been spoon-fed with their first
CF in the form of purees, with subsequent introduction of semisolid and finger foods. However,
alongside recommendations to delay the introduction of solid foods until 6 months, there has
been an increasing tendency to avoid the initial “puree” stage altogether and progress straight
to finger foods [106]. In the “Baby Led Weaning” method, the infant feeds himself hand-held
foods instead of being spoon-fed by an adult, sharing family foods and mealtimes. This
approach may provide the infant with greater control over his intake and encourage more
responsive parenting. It has been suggested that this may result in better eating patterns and
reduce the risk of overweight and obesity. However, given the self-selected nature of parents
and infants who currently follow this practice, and the limited observational data available, it is
not possible to draw conclusions. Furthermore, data are lacking on whether infants who are
fed CF using this approach obtain sufficient nutrients, including energy and iron, or eat a more
diverse range of foods [106]. These issues ideally need to be tested in a randomized controlled
trial. Recently, a modified version of baby-led weaning, called Baby Led Introduction to SolidS
(BLISS) has been developed which specifically highlights the importance of introducing iron
and energy-rich CF as well as avoiding foods likely to constitute a choking hazard [107]. A
small observational pilot study suggested that this approach was feasible and had some

benefits in increasing the range of iron-rich foods consumed by the infants.
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Parenting style

It is increasingly recognized that parenting style, defined as the way parents interact with a
child in terms of attitudes and behaviours across different aspects of parenting, including
feeding can influence the infant’s feeding behaviour. Blissett [108] reviewed the literature
examining relationships between parenting styles, feeding behaviours and the fruit and
vegetable consumption of preschool children. An authoritative feeding style (typified by
emotional warmth and responsiveness but high expectations for children’s dietary adequacy
and behaviour) accompanied by practices such as modelling consumption of fruit and
vegetables, making these foods available within the home, moderately restricting unhealthy
alternative snack foods, and encouraging children to try fruit and vegetables, is associated
with better consumption in the childhood years. However, most published studies are
observational and involved toddlers rather than infants; intervention studies are ideally needed
to determine if changing parental feeding style and practices during complementary feeding

can favourably influence offspring food choice and feeding behaviour.

A recent systematic review of RCTs that aim to reduce the risk, either directly or indirectly, of
overweight and obesity in infancy and early childhood [109] concluded that the most
promising obesity prevention interventions for children under 2 years of age are those that
focus on diet and responsive feeding, including education for carers on recognising infant

hunger and satiety cues and non-food management of infant behaviour.

SPECIFIC DIETARY PRACTICES AND FOODS

Home-made versus commercial complementary foods

Complementary foods can be home-prepared or commercially-produced. In practice, the
relative merits will depend on the quality of home-prepared foods that are offered. Well-
prepared home-made foods may offer the opportunity for a greater variety of culturally

appropriate flavours and textures, with greater energy density [110,111]. However, there is
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also the potential for home-made foods to be unsuitable, for example with the addition of sugar
or salt. Food preparation and cooking methods may also alter nutrient content. Two studies
have highlighted a lack of vegetable variety in commercially-prepared foods [112, 113], with a
predominance of sweet vegetables such as carrot and sweet potato rather than bitter tasting
vegetables. In the German DONALD cohort, using 3-day weighed diaries in infancy and at 3-
4 and 6-7 years, a higher percentage intake of commercial CF was also associated with
decreased vegetable intake in infancy and, in boys, with decreased fruit and vegetable intake
at pre-school and school age [114]. These findings suggest the need to emphasise to parents
the importance of offering a variety of vegetables, including bitter tasting ones, as a component

of the diet.

Although beyond the scope of this paper, safety is an important issue during CF, and carers
should receive advice on the safe preparation, feeding and storage of complementary foods
to avoid contamination and the proliferation of pathogens which are major underlying causes

of childhood diarrhoea [1], as well as choking from large food items.

Vegetarian and vegan diets

Particular care is required to ensure an adequate nutrient intake during CF when vegetarian
or vegan diets are used, and the nutrients that may be insufficient increases as the diet
becomes more restricted as shown in Table 1. Vegan diets have generally been discouraged
during CF. Although theoretically a vegan diet can meet nutrient requirements when mother
and infant follow medical and dietary advice regarding supplementation, the risks of failing to
follow advice are severe, including irreversible cognitive damage from vitamin B, deficiency,
and death. If a parent chooses to wean an infant onto a vegan diet this should be done under
regular medical and expert dietetic supervision and mothers should receive and follow
nutritional advice [115]. Mothers who are consuming a vegan diet need to ensure an adequate
nutrient supply, especially of vitamins Bi2, B2, A and D, during pregnancy and lactation either

from fortified foods or supplements. Careful attention is required to provide the infant with
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sufficient vitamin Bi> (0.4pg/d from birth, 0.5ug/d from 6 months) and vitamin D, as well as
iron, zinc, folate, n-3 fatty acids (especially DHA), protein and calcium, and to ensure adequate
energy density of the diet. Tofu, bean products and soy products can be used as protein

sources. Infants who are not receiving breast milk should receive a soy based infant formula.

Specific foods to avoid

Salt and sugar should not be added to complementary foods, and the intake of free sugars
(sugars added to foods and beverages by the manufacturer, cook or consumer, plus sugars
naturally present in syrups and fruit juices) should be minimised. Sugar sweetened beverages

should be avoided.

Honey should not be introduced before 12 months of age unless the heat-resistant spores of
Clostridium botulinum have been inactivated by adequate high-pressure and high-temperature
treatment, as used in industry [116] since the consumption of honey has been repeatedly

associated with infant botulism.

Fennel, which is sometimes used in the form of a tea or infusion as a treatment for infant colic
and digestive symptoms, contains estragole which is a naturally occurring genotoxic
carcinogen. Whilst occasional exposure to fennel products in adults is unlikely to be of
concern, an expert panel of the European Medicines Agency concluded that fennel oil and
fennel tea preparations are not recommended in children under 4 years of age due to the lack

of adequate safety data [117].

In order to reduce exposure to inorganic arsenic which is considered a first-level carcinogen,
this Committee previously recommended that rice drinks should not be used for infants and

young children [118].
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CONCLUSIONS

Having reviewed the available evidence the ESPGHAN CoN concludes:

Regarding the timing of complementary feeding:

Gastrointestinal and renal functions are sufficiently mature by around 4 months (17
weeks, beginning of the 5" month) to enable term infants to process CF, and by 4 to 6
months (26 weeks, beginning of the 7" month) they will have attained the necessary
motor skills to cope safely with complementary foods. It is important for developmental
and nutritional reasons to give age-appropriate foods of the correct consistency and
by a method appropriate for the infant’s age and development.

Exclusive breastfeeding by a healthy mother can meet the nutrient requirements of
healthy term infants for most nutrients for around 6 months, although the lack of
evidence from RCTs means that it is not certain whether this applies to all mothers and
infants. Some infants may require additional energy or iron before 6 months. Delayed
clamping of the umbilical cord will improve infant iron stores and reduce the likelihood
of additional iron being required before 6 months.

More prolonged exclusive breastfeeding may be associated with a reduced risk of
gastrointestinal and respiratory infections, and hospitalisation for infections, including
for infants living in high-income countries.

There may be an increased risk of allergy if solids are introduced before 3—4 months.
However, there is no evidence that delaying the introduction of allergenic foods beyond
4 months reduces the risk of allergy, either for infants in the general population or for
those with a family history of atopy.

Infants at high risk of peanut allergy (those with severe eczema, egg allergy or both as
defined in the LEAP study) should have peanut introduced between 4 and 11 months;

following evaluation by an appropriately trained professional
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The timing of the introduction of complementary foods at 4 or 6 months has not been
shown to influence growth or adiposity during infancy or early childhood, although

introduction before 4 months may be associated with increased later adiposity.

Regarding the content of the diet during complementary feeding:

Gluten may be introduced into the infant's diet when complementary feeding is started,
anytime between 4-12 months of age. Based on observational data consumption of
large quantities of gluten should be avoided during the first weeks after gluten
introduction and during infancy. However, the optimal amounts of gluten to be
introduced at weaning have not been established.

Neither any breastfeeding nor breastfeeding during gluten introduction has been
shown to reduce the risk of CD.

Neither gluten introduction after 3 months of age or breastfeeding at the time of
introduction of gluten influence the risk of type-1 diabetes.

A high protein intake during complementary feeding may increase the risk of
subsequent overweight or obesity, especially in predisposed individuals, and the mean
protein:energy % should not be more than 15%. Large volumes of cows’ milk are
associated with high intakes of energy, protein and fat and with low iron intake.

Iron requirements are high during the complementary feeding period and there is a
need for iron rich foods, particularly for breast-fed infants.

Data are insufficient to make specific recommendations for choices or composition of
complementary feeding based on cognitive or cardiovascular outcomes.

It is not possible to alter infants’ innate preferences for sugar and salty tastes, and
dislike of bitter tastes, but parents may be able to modify subsequent preferences by
offering complementary foods without added sugars and salt, and by the timely

introduction of a variety of flavours, including bitter green vegetables.
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e Vegan diets with appropriate supplements can support normal growth and
development. Regular medical and dietetic supervision should be given and followed
to ensure nutritional adequacy of the diet. The consequences of failing to do this can

be severe and include irreversible cognitive impairment and death.

Regarding feeding methods:

e There is currently insufficient evidence to draw conclusions about the most appropriate
method of feeding in terms of spoon-feeding versus self-feeding. However, parents
should be encouraged to adopt a responsive style of parenting and understand how to
recognise their infant’s hunger and satiety cues. Feeding to comfort or as a reward

should be discouraged.

Recommendations

Based on these conclusions and considering current practice, the ESPGHAN CoN makes
the following recommendations regarding complementary feeding. These recommendations
are made for infants living in Europe, typically in relatively affluent populations with access to
clean water and good healthcare. However, it is important to ensure that advice reaches
high risk groups such as socioeconomically disadvantaged families and immigrant families,
and to adapt advice for individual infants taking into account their circumstances and
environment. It is also important to recognise that contact with parents to provide advice on
complementary feeding also provides the opportunity to emphasise broader aspects of a

healthy lifestyle for the infant, including play opportunities that promote physical activity.

Definition:
e To avoid confusion, the term “complementary feeding” should include all solid and

liquid foods other than breast milk or infant formula
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Timing:

Exclusive or full breast-feeding should be promoted for at least 4 months (17 weeks,
beginning of the 5" month of life) and exclusive or predominant breast-feeding for
around 6 months is considered a desirable goal.

Complementary foods (ie, solid foods and liquids other than breast milk or infant
formula) should not be introduced before 4 months but should not be delayed beyond

6 months.

Content:

Recommendations on specific types of complementary foods should take into
consideration traditions and feeding patterns in the population. Infants should be
offered a varied diet including foods with different flavours and textures including bitter
tasting green vegetables

Although there are theoretical reasons why different complementary foods may have
particular benefits for breast-fed or formula-fed infants, attempts to devise and
implement separate recommendations for breast-fed and formula-fed infants is likely
to be confusing and is therefore not recommended

Continued breast-feeding is recommended along with the introduction of
complementary feeding.

Cows’ milk is a poor iron source and provides excess protein, fat and energy when
used in large amounts. It should not be used as the main drink before 12 months of
age, although small volumes may be added to complementary foods

Allergenic foods may be introduced when complementary feeding is commenced any
time after 4 months (17 weeks)

Infants at high risk of peanut allergy (those with severe eczema, egg allergy or both as

defined in the LEAP study) should have peanut introduced (for example as smooth
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peanut butter) between 4 and 11 months; following evaluation by an appropriately
trained professional

Gluten may be introduced between 4 months and 12 months of age. Consumption of
large quantities of gluten should be avoided during the first weeks after gluten
introduction and also during infancy

All infants should receive iron-rich complementary foods including meat products
and/or iron-fortified foods. The strategy used will depend on the population, cultural
factors and available foods but can include iron-fortified foods or infant formulas, foods
naturally rich in iron such as meat, or iron supplements

No sugar or salt should be added to complementary foods and fruit juices or sugar
sweetened beverages should be avoided

Vegan diets should only be used under appropriate medical or dietetic supervision to
ensure the infant receives a sufficient supply of vitamin B12, vitamin D, iron, zinc,
folate, n-3 LCPUFA, protein and calcium; and that the diet is sufficiently nutrient and
energy-dense. Parents should understand the serious consequences of failing to

follow advice regarding supplementation of the diet.

Method:

Foods should be of an appropriate texture and consistency for the infant’s
developmental stage, ensuring timely progression to finger-foods and self-feeding.
Prolonged use of pureed foods should be discouraged and infants should be eating
lumpy foods by 8-10 months at the latest. By 12 months, infants should drink mainly
from a cup or training cup rather than a bottle

Parents should be encouraged to respond to their infant’s hunger and satiety queues

and to avoid feeding to comfort or as a reward

9. RESEARCH GAPS AND SUGGESTED AREAS FOR RESEARCH (for high income
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settings)

Introduction of complementary foods in formula-fed infants

Iron requirements during complementary feeding in relation to functional outcomes;
including the effect of the type/source of supplementation

Effect of different protein sources on growth and body composition (milk versus non-
milk)

Defining the amount of gluten to be introduced with CF and during infancy

Defining the dose and timing of food allergens to introduce tolerance

Effect of the method of introducing CF (traditional versus more baby-led) on nutrient
intake, choking and health outcomes, especially appetite regulation and growth/obesity
outcomes

Effect of different parenting styles and responsive feeding during introduction of CF on

later appetite, food intakes and obesity outcomes



976

977 1.
978
979
980 2.
981
982
983 3.
984
985

986 4.
987
988
989 5.
990
991 6.
992
993
994 7.
995
996 8.
997
998
999 9.
1000
1001 10.
1002
1003

1004 11.

1005
1006
1007

1008 12.

1009
1010

References

WHO (World Health Organization), 2002. Complementary feeding. Report of the global
consultation. Geneva, 10-13 December 2001. Summary of guiding principles.
http://www.who.int/nutrition/publications/Complementary _Feeding.pdf

Agostoni C, Decsi T, Fewtrell M, et al. ESPGHAN Committee on Nutrition:. Complementary
feeding: a commentary by the ESPGHAN Committee on Nutrition. J. Pediatr. Gastroenterol.
Nutr. 2008:46:99-110.

World Health Organization (WHO), 55th World Health Assembly. Infant and young child
nutrition. World Health Organization, 2002 (WHAS5.25).
http://apps.who.int/gb/archive/pdf files/MWHA55/ewha5525.pdf

Scientific Opinion on the appropriate age for introduction of complementary feeding of
infants. EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). EFSA Journal
2009;7:1423

Kramer MS, Kakuma R. The optimal duration of exclusive breastfeeding. A systematic
review. Adv Exp Med Biol 2004;554:63-77.

Cohen RJ, Brown KH, Canahuati J, et al. Effects of age of introduction of complementary
foods on infant breast milk intake, total energy intake, and growth: A randomised
intervention study in Honduras. Lancet 1994;344:288-293.

Dewey KG, Cohen RJ, Rivera LL, et al. Effects of age of introduction of complementary foods
on iron status of breastfed infants in Honduras. Am J Clin Nutr 1998;67:878-84.

Kramer MS, Kakuma R. Optimal duration of exclusive breastfeeding. Cochrane Database
of Systematic Reviews 2012, Issue 8. Art. No.: CD003517. DOI:
10.1002/14651858.CD003517.pub2.

Kramer MS, Guo T, Platt RW, et al. Infant growth and health outcomes associated with 3
compared with 6 mo of exclusive breastfeeding. Am J Clin Nutr. 2003;78:291-295.
Swedish National Food Agency. Good food for infants under one year.

http://www.livsmedelsverket.se/globalassets/english/food-habits-health-

environment/dietary-quidelines/good-food-for-infants-under-one-year.pdf

C.l. Lanting, N. Heerdink-Obenhuijsen, H.L.L. Schuit-van Raamsdonk, E.M.M. Hofman
van den Hoogen, E.H. Leeuwenburg-Grijseels, A. Broerse, M. Kamphuis, A.J.P.G.
Smeets, K.I. van Drongelen. JGZ-Richtlijn Voeding en Eetgedrag. Nederlands Centrum
jeugdgezondheid, Utrecht 2013.

Wells JC, Jonsdottir OH, Hibber PL, et al. Randomized controlled trial of 4 compared with
6 mo of exclusive breastfeeding in Iceland: differences in breast-milk intake by stable-
isotope probe. Am J Clin Nutr.2012;96:73—79


http://apps.who.int/gb/archive/pdf_files/WHA55/ewha5525.pdf
http://www.livsmedelsverket.se/globalassets/english/food-habits-health-environment/dietary-guidelines/good-food-for-infants-under-one-year.pdf
http://www.livsmedelsverket.se/globalassets/english/food-habits-health-environment/dietary-guidelines/good-food-for-infants-under-one-year.pdf

1011 13.

1012

1013 14.

1014

1015 15.

1016

1017 16.

1018
1019

1020 17.

1021
1022

1023 18.

1024
1025

1026 19.

1027
1028

1029 20.

1030

1031 21.
1032 22.
1033 23.

1034
1035
1036
1037
1038

1039 24.

1040

1041 25.

1042
1043

1044 26.

1045

Perkin MR, Logan K, Tseng A, et al; EAT Study Team. Randomized Trial of Introduction of
Allergenic Foods in Breast-Fed Infants. N Engl J Med. 2016 374(18):1733-43

Palmer DJ, Metcalfe J, Makrides M, et al. Early regular egg exposure in infants with eczema:
A randomised controlled trial. J Allergy Clin Immunol 2013;132:387-92.

Mehta K, Specker B, Bartholmey S, et al. Trial on timing of introduction to solids and food
type on infant growth. Pediatrics. 1998;102:569-73.

EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2013.
Scientific Opinion on nutrient requirements and dietary intakes of infants and young children
in the European Union. EFSA Journal 2013;11:3408:103 pp.

Kersting M. Erndhrung des gesunden Sauglings - Lebensmittel- und mabhlzeitbezogene
Empfehlungen [Nutrition of the healthy infant - Food and meal related recommendations].
Monatsschrift Kinderheilkunde 2001;149:4-10.

Schiess S, Grote V, Scaglioni S, et al; European Childhood Obesity Project. Introduction of
complementary feeding in 5 European countries. J Pediatr Gastroenterol Nutr. 2010;50:92-
8.

McAndrew F, Thompson J, Fellows L, et al. Infant Feeding Survey 2010. NHS Health and
Social Care Information Centre. Copyright © 2012, Health and Social Care Information
Centre.

Doporuceni pracovni skupiny détské gastroenterologie a vyzivy &ps pro vyzivu kojencll a
batolats. Cesko-Slovenska Pediatrie 2014;69:s1

Socialstyrelsen, 2013: https://www.socialstyrelsen.se/publikationer2015/2015-10-9

Peiling melkvoeding van zuigelingen 2015. TNO-rapport. TNO/CH 2015 R10385.

Naylor AJ, Morrow A, editors. Developmental Readiness of Normal Full Term Infants to
Progress from Exclusive Breastfeeding to the Introduction of Complementary Foods:

Reviews of the Relevant Literature Concerning Infant Immunologic, Gastrointestinal, Oral
Motor and Maternal Reproductive and Lactational Development. Washington, DC:

Wellstart International and the LINKAGES Project/Academy for Educational Development.
2001.

Northstone K, Emmett P, Nethersole F. The effect of age of introduction to lumpy solids on foods
eaten and reported feeding difficulties at 6 and 15 months. J Hum Nutr Diet 2001;14:43-54.
Coulthard H, Harris G, Emmett P. Delayed introduction of lumpy foods to children during the
complementary feeding period affects child’s food acceptance and feeding at 7 years of age.
Mat Child Nutr 2009;5:75-85.

Butte NF, Lopez-Alarcon MG, Garza C. Nutrient Adequacy of Exclusive Breastfeeding for the

Term Infant During the First 6 Months of Life. Geneva:World Health Organization, 2001.


https://www.socialstyrelsen.se/publikationer2015/2015-10-9

1046 27.

1047
1048

1049 28.

1050

1051 29.

1052

1053 30.

1054

1055 31.

1056

1057 32.

1058

1059 33.

1060

1061 34.

1062
1063

1064 35.

1065

1066 36.

1067

1068 37.

1069

1070 38.

1071

1072 39.

1073
1074

1075 40.

1076

1077 41.

1078

1079 42.

1080

Mihatsch W, Braegger C, Bronsky J, et al; ESPGHAN Committee on Nutrition. Prevention of
Vitamin K deficiency bleeding in newborn infants: a position paper by the ESPGHAN Committee
on Nutrition. J Pediatr Gastroenterol Nutr. 2016 Apr 4.

Braegger C, Campoy C, Colomb V, et al; ESPGHAN Committee on Nutrition. Vitamin D in the
healthy European paediatric population. J Pediatr Gastroenterol Nutr. 2013;56:692-701.
Nielsen SB, Reilly JJ, Fewtrell MS, et al. Adequacy of milk intake during exclusive
breastfeeding: a longitudinal study. Pediatrics 2011;128:€907-914.

Jonsdottir OH, Kleinman RE, Wells JC, et al. Exclusive breastfeeding for 4 versus 6 months and
growth in early childhood. Acta Paediatr. 2014;103:105-11.

Domelléf M, Braegger C, Campoy C, et al; ESPGHAN Committee on Nutrition. Iron
requirements of infants and toddlers. J Pediatr Gastroenterol Nutr. 2014;58:119-29.

Jonsdottir OH, Thorsdottir |, Hibberd PL, et al. Timing of the introduction of complementary foods
in infancy: a randomized controlled trial. Pediatrics. 2012;130:1038-1045

Dube K, Schwartz J, Mueller MJ, et al. Iron intake and iron status in breastfed infants during the
first year of life. Clin Nutr. 2010;29:773-8.

Dube K, Schwartz J, Mueller MJ, et al. Complementary food with low (8%) or high (12%) meat
content as source of dietary iron: a double-blinded randomized controlled trial. Eur J Nutr.
2010;49:11-8.

Chantry CJ, Howard CR, Auinger P. Full breastfeeding duration and risk for iron deficiency in
US infants. Breastfeed Med. 2007;2:63-73.

Paricio Talayero JM, Lizan-Garcia M, Otero Puime A, et al. Full breastfeeding and
hospitalization as a result of infections in the first year of life. Pediatrics. 2006;118:€92—e99.
Chantry CJ, Howard CR, Auinger P. Full breastfeeding duration and associated decrease in
respiratory tract infection in US children. Pediatrics.2006;117:425-432.

Quigley MA, Kelly YJ, Sacker A. Breastfeeding and hospitalization for diarrheal and respiratory
infection in the United Kingdom Millenium Cohort Study. Pediatr. 2007;119:e837—e842.
Rebhan B, Kohlhuber M, Fromme H, et al. Breastfeeding duration and exclusivity associated
with infants’ health and growth: data from a prospective cohort study in Bavaria, Germany. Acta
Paediatrica. 2009;98:974.

Duijts L, Jaddoe VW, Hofman A, Moll HA. Prolonged and exclusive breastfeeding reduces the
risk of infectious diseases in infancy. Pediatrics. 2010;126:e18-e25.

Ladomenou F, Moschandreas J, Kafatos A, et al. Protective effect of exclusive breastfeeding
against infections during infancy: a prospective study. Arch Dis Child 2010;95:1004—-1008.

Li R, Dee D, Li C, et al. Breastfeeding and risk of infections at 6 years. Pediatrics 2014;134
Suppl 1:513-20.



1081 43.
1082
1083 44.
1084
1085
1086 45.
1087
1088 46.
1089
1090
1091 47.
1092
1093 48.
1094
1095
1096 49.
1097
1098 50.
1099
1100 51.
1101

1102 52.
1103 53.
1104
1105 54.
1106
1107 55.
1108
1109
1110 56.
1111
1112
1113 57.
1114
1115

Quigley MA, Kelly YJ, Sacker A. Infant feeding, solid foods and hospitalisation in the first 8
months after birth. Arch Dis Child. 2009;94:148-150.

Perkin MR, Logan K, Marrs T, et al. Enquiring early about tolerance (EAT) study: Feasibility of
an early allegenic food introduction regimen. J Allergy Clin Immunol 2016; Feb 16. pii: S0091-
6749(16)00135-4. doi: 10.1016/j.jaci.2015.12.1322.

Du Toit G, Katz Y, Sasieni P, et al. Early consumption of peanuts in infancy is associated with
a low prevalence of peanut allergy. J Allergy Clin Immunol. 2008;122:984-91.

Muraro A, Halken S, Arshad SH, et al; EAACI Food Allergy and Anaphylaxis Guidelines Group.
EAACI food allergy and anaphylaxis guidelines. Primary prevention of food allergy. Allergy.
2014;69:590-601.

Nwaru BI, Erkkola M, Ahonen S, et al. Age at the introduction of solid foods during the first year
and allergic sensitization at age 5 years. Pediatrics 2010;125:50-9

lerodiakonou D, Garcia-Larsen V, Logan A, et al. Timing of allergenic food introduction to the
infant diet and risk of allergenic or autoimmune disease. A systematic review and meta-analysis.
JAMA 2016;316:1181-92.

Du Toit G, Roberts G, Sayre PH, et al. LEAP Study Team. Randomised trial of peanut
consumption in infants at risk for peanut allergy. NEJM 2015;372:803-813.

Du Toit G, Sayre PH, Roberts G, et al. LEAP Study Team. Effect of avoidance on peanut allergy
after early peanut consumption. NEJM 2016;374(15):1435-43

Fleischer DM, Sicherer S, Greenhawt M, et al. Consensus communication on early peanut
introduction and the prevention of peanut allergy in high-risk infants. Allergy. 2015;70:1193-5
Fleischer DM, Sampson HA. Reply. J Allergy Clin Immunol. 2016;137:334-335

Vriezinga SL, Auricchio R, Bravi E, et al. Randomized feeding intervention in infants at high risk
for celiac disease. NEJM 2014;371:1304-15.

Lionetti E, Castellaneta S, Francavilla R, et al. Introduction of gluten, HLA status, and the risk of
celiac disease in children. NEJM 2014;371:1295-303

Szajewska H, Shamir R, Chmielewska A, et al; PREVENTCD Study Group. Systematic review
with meta-analysis: early infant feeding and coeliac disease--update 2015. Aliment Pharmacol
Ther. 2015;41:1038-54

Szajewska H, Shamir R, Mearin L, et al. Gluten Introduction and the Risk of Coeliac Disease: A
Position Paper by the European Society for Pediatric Gastroenterology, Hepatology, and
Nutrition. J Pediatr Gastroenterol Nutr. 2016;62:507-13

Piescik-Lech M, Chmielewska A, Shamir R, H Szajewska. Systematic Review: Early Infant
Feeding and the Risk of Type 1 Diabetes. J Pediatr Gastroenterol Nutr. 2016 Jun 8. [Epub ahead
of print] DOI : 10.1097/MPG.0000000000001293



1116 58.

1117
1118

1119 59.

1120

1121 60.

1122
1123

1124 61.

1125

1126 62.

1127

1128 63.

1129
1130

1131 64.

1132

1133 65.

1134

1135 66.

1136

1137 67.

1138

1139 68.

1140

1141 69.

1142

1143 70.

1144

1145 71.

1146
1147

1148 72.

1149

Cohen RJ, Brown KH, Canahuati J, et al. Determinants of growth from birth to 12 months among
breast-fed Honduran infants in relation to age of introduction of complementary foods.
Pediatrics. 1995 Sep;96(3 Pt 1):504-10.

Vail B, Prentice P, Dunger DB, et al. Age at Weaning and Infant Growth: Primary Analysis and
Systematic Review. J Pediatr. 2015 Aug;167(2):317-24.el

Daniels L, Mallan KM, Fildes A, Wilson J. The timing of solid introduction in an ‘obesogenic’
environment: a narrative review of the evidence and methodological issues. Aust NZ J Public
Health. 2015; 39:366-73.

Jonsdottir OH, Thorsdottir I, Gunnlaugsson G, et al. Exclusive Breastfeeding and Developmental
and Behavioral Status in Early Childhood. Nutrients 2013, 5, 4414-4428.

Kramer MS, Matush L, Bogdanovich N, et al. Health and development outcomes in 6.5-y-old
children breastfed exclusively for 3 or 6 mo. Am J Clin Nutr. 2009;90:1070-4.

Bier DM, Brosnan JT, Flatt JP, et al. Report of the IDECG Working Group on lower and upper
limits of carbohydrate and fat intake: International Dietary Energy Consultative Group. Eur J Clin
Nutr 1999;53 (Suppl 1):177-8.

Koletzko B. Response to and range of acceptable fat intakes in infants and children. Eur J Clin
Nutr 1999;53 (Suppl 1):S78-83.

Hunt JR. Bioavailability of iron, zinc, and other trace minerals from vegetarian diets. Am J Clin
Nutr 2003 Sep; 78(3 Suppl): 633S-639S.

Ziegler EE, Nelson SE, Jeter JM. Iron status of breastfed infants is improved equally by
medicinal iron and iron-fortified cereal. AJCN 2009;90:76-87.

Krebs NF. Meat as first complementary food for breastfed infants: feasibility and impact on zinc
intake and status. J Pediatr Gastroenterol Nutr. 2006;42:207-214.

Krebs NF, Sherlock LG, Westcott J, et al. Effects of different complementary feeding regimens
on iron status and enteric microbiota in breastfed infants. J Pediatr 2013;163;416-23.
Engelmann MDM, Sandstrom B, Michaelsen KF. Meat intake and iron status in late infancy: an
intervention study. J Pediatr Gastroenterol Nutr.1998;26;26—-33.

Hopkins D, Emmett P, Steer C, et al. Infant feeding in the second 6 months of life related to iron
status: an observational study. Arch Dis Child. 2007;92:850-4.

Thorisdottir AV, Ramel A, Palsson Gl, et al. Iron status of one-year-olds and association with
breast milk, cow's milk or formula in late infancy. European Journal of Nutrition 2012;52:1661-
1668.

Monteiro PO, Victora CG. Rapid growth in infancy and childhood and obesity in later life: a
systematic review.Obes Rev 2005;6:143-54.



1150 73.

1151

1152 74.

1153

1154 75.

1155
1156

1157 76.

1158
1159

1160 77.

1161

1162 78.

1163
1164

1165 79.

1166

1167 80.

1168
1169

1170 81.

1171
1172

1173 82.

1174
1175

1176 83.

1177
1178

1179 84.

1180
1181

1182 85.

1183
1184

Ong K, Loos R. Rapid infancy weight gain and subsequent obesity: systematic reviews and
hopeful suggestions. ActaPaediatr 2006;95:904-8.

Agostoni C, Caroli M. Role of fats in the first two years of life as related to later development of
NCDs. Nutr Metab Cardiovasc Dis. 2012 Oct;22(10):775-80

Hornell A, Lagstrom H, Lande B, Thorsdottir I. Protein intake from O to 18 years of age and

its relation to health: a systematic literature review for the 5th Nordic Nutrition
Recommendations. Food Nutr Res. 2013;57 doi: 10.3402/fnr.v57i0.21083. Print 2013.

Weber M, Grote V, Closa-Monasterolo R, et al; European Childhood Obesity Trial Study
Group. Lower protein content in infant formula reduces BMI and obesity risk at school age:
follow-up of a randomized trial. Am J Clin Nutr. 2014;99:1041-51.

Pimpin L, Jebb S, Johnson L, et al. Dietary protein intake is associated with body mass index
and weight up to 5 y of age in a prospective cohort of twins.Am J Clin Nutr. 2016;103:389-97.
EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies), 2014. Scientific
Opinion on the essential composition of infant and follow-on formulae. EFSA Journal
2014;12(7):3760, 106 pp.doi:10.2903/j.efsa.2014.3760

Inostroza J, Haschke F, Steenhout P, et al. Low-Protein Formula Slows Weight Gain in Infants
of Overweight Mothers. J Pediatr Gastroenterol Nutr. 2014; 59: 70-77.

Ziegler EE, Fields DA, Chernausek SD, et al. Adequacy of Infant Formula With Protein Content
of 1.6 g/100 kcal for Infants Between 3 and 12 Months. J Pediatr Gastroenterol Nutr.
2015;61:596-603.

Hopkins D, Steer CD, Northstone K, Emmett PM. Effects on childhood body habitus of feeding
large volumes of cow or formula milk compared with breastfeeding in the latter part of infancy.
Am J Clin Nutr. 2015;102:1096-103

Golley RK, Smithers LG, Mittinty MN, et al. An index measuring adherence to complementary
feeding guidelines has convergent validity as a measure of infant diet quality. J Nutr.
2012;142:901-8.

Golley RK, Smithers LG, Mittinty MN, et al. Diet quality of U.K. infants is associated with dietary,
adiposity, cardiovascular, and cognitive outcomes measured at 7-8 years of age. J Nutr. 2013
Oct;143(10):1611-7

Robinson SM, Marriott LD, Crozier SR, et al. Variations in infant feeding practice are associated
with body composition in childhood: a prospective cohort study. J Clin Endocrinol Metab.
2009;94:2799-805.

Meyerkort CE, Oddy WH, O’Sullivan TA, et al. Early diet quality in a longitudinal study of
Australian children: associations with nutrition and body mass index later in childhood and
adolescence. J Dev Orig Health Dis. 2012;3:21-31.


http://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%B6rnell%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23717219
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lagstr%C3%B6m%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23717219
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lande%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23717219
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thorsdottir%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23717219
http://www.ncbi.nlm.nih.gov/pubmed/23717219

1185 86.

1186
1187

1188 87.

1189

1190
1191
1192

1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Morgan J, Taylor A, Fewtrell MS. Meat consumption is positively associated with psychomotor
outcome in children up to 24 months of age. JPGN. 2004;39(5):493-498.

Harslgf LB, Larsen LH, Ritz C, et al. FADS genotype and diet are important determinants of
DHA status: a cross-sectional study in Danish infants. Am J Clin Nutr. 2013;97:1403-10.

Makrides M, Hawkes JS, Neumann MA, et al. Nutritional effect of including egg yolk in the
weaning diet of breast-fed and formula-fed infants: a randomised clinical trial. Am J Clin Nutr
2002;75:1084-92.

Hoffman DR, Theuer RC, Castanada YS, et al. Maturation of visual acuity is accelerated in
breast-fed term infants fed baby food containing DHA-enriched egg yolk. J Nutr 2004;134:2307—
13.

Schwartz J, Dube K, Sichert-Hellert W, et al. Modification of dietary polyunsaturated fatty acids
via complementary food enhances n-3 long-chain polyunsaturated fatty acid synthesis in healthy
infants: a double blinded randomised controlled trial. Arch Dis Child. 2009;94:876-82

Libuda L, Mesch CM, Stimming M, et al. Fatty acid supply with complementary foods and LC-
PUFA status in healthy infants: results of a randomised controlled trial. Eur J Nutr. 2016
Jun;55:1633-44

Birch EE, Hoffman DR, Castaneda YS, et al. A randomized controlled trial of long-chain
polyunsaturated fatty acid supplementation of formula in term infants after weaning at 6 wk of
age. Am J Clin Nutr 2002;75:570-80.

Hoffman DR, Birch EE, Castenada YS, et al. Visual function in breast-fed term infants weaned
to formula with or without longchain polyunsaturates at 4 to 6 months: a randomized clinical trial.
J Pediatr 2003;142:669-77.

Smithers LG1, Golley RK, Mittinty MN, et al. Dietary patterns at 6, 15 and 24 months of age are
associated with 1Q at 8 years of age. Eur J Epidemiol. 2012;27:525-35.

Gale CR1, Martyn CN, Marriott LD, et al; Southampton Women's Survey Study Group. Dietary
patterns in infancy and cognitive and neuropsychological function in childhood. J Child Psychol
Psychiatry. 2009;50:816-23.

Nyaradi A, Li J, Hickling S, et al. Diet in the early years of life influences cognitive outcomes at
10 years: a prospective cohort study. Acta Paediatr 2013;102:1165-73.

Nyaradi A, Li J, Foster JK, Hickling S, et al. Good-quality diet in the early years may have a
positive effect on academic achievement. Acta Paediatr 2016;105:€209-218.

Damsgaard CT, Schack-Nielsen L, Michaelsen KF, et al. Fish oil affects blood pressure and the
plasma lipid profile in healthy Danish infants. J Nutr 2006;136:94-9.



1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255

99. Bowen WH, Pearson SK, Rosalen PL, et al. Assessing the cariogenic potential of some infant
formulas, milk and sugar solutions.J Am Dent Assoc 1997;128:865-71.

100. Mennella JA. Ontogeny of taste preferences: basic biology and implications for
health. Am Clin Nutr. 2014;99:704S-11S.

101. Nehring I, Kostka T, von Kries R, Rehfuess EA. Impacts of In Utero and Early Infant
Taste Experiences on Later Taste Acceptance: A Systematic Review. J Nutr
2015;145:1271-9.

102. Beauchamp GK, Moran M. Dietary experience and sweet taste preference in human
infants. Appetite 1982;3:139-52.

103. Stein LJ, Cowart BJ, Beauchamp GK. The development of salty taste acceptance is
related to dietary experience in human infants: a prospective study. Am J Clin Nutr.
2012;95:123-9.

104. Remy E, Issanchou S, Chabanet C, Nicklaus S. Repeated exposure of infants at
complementary feeding to a vegetable puree increases acceptance as effectively as flavor-
flavor learning and more effectively than flavor-nutrient learning.J Nutr. 2013;143:1194-
200.

105. Maier-Noth A, Schaal B, Leathwood P, Issanchou S. The Lasting Influences of Early
Food-Related Variety Experience: A Longitudinal Study of Vegetable Acceptance from 5
Months to 6 Years in Two Populations. PLoS One. 2016;11:e0151356.

106. Cameron SL, Heath A-LM, Taylor RW. How feasible is baby-led weaning as an
approach to infant feeding? A review of the evidence. Nutrients. 2012;4:1575-1609.

107. Cameron SL, Taylor RW, Heath A-LM. Development and pilot testing of Baby-Led
Introduction to SolidS - a version of Baby-Led Weaning modified to address concerns about
iron deficiency, growth faltering and choking. BMC Pediatrics 2015; 15:99.

108. Blissett J. Relationships between parenting style, feeding style and feeding practices
and fruit and vegetable consumption in early childhood. Appetite. 2011;57:826—831.

109. Redsell SA, Edmonds B, Swift JA, et al. Systematic review of randomised controlled
trials of interventions that aim to reduce the risk, either directly or indirectly, of overweight
and obesity in infancy and early childhood. Matern Child Nutr. 2015 Apr 20. doi:
10.1111/mcn.12184

110. Garcia AL, Raza S, Parrett A, Wright CM. Nutritional content of infant commercial
weaning foods in the UK. Arch Dis Child 2013;98:793-97.

111. Hilbig A, Fotarek K, Kersting M, Alexy U. Home-made and commercial complementary
meals in German infants: results of the DONALD study. J Hum Nutr Diet 2015;28:613-622.

112. Mesch CM, Stimming M, Fotarek K, et al. Food variety in commercial and homemade
complementary meals for infants in Germany. Market survey and dietary practice. Appetite
2014;76:113-119.



1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269

113.

Garcia AL, McLean K, Wright CM. Types of fruits and vegetables used in commercial

baby foods and their contribution to sugar content. Mat Child Nutr 2015

114.

Fotarek K, Hilbig A, Alexy U. Associations between commercial complementary food

consumption and fruit and vegetable intake in children. Results of the DONALD study.
Appetite 2015;85:84-90.

115.

116.

Van Winckel M, Vande Velde S, De Bruyne R, Van Biervliet S. Vegetarian infant and
child nutrition. Eur J Pediatr 2011;170:1489-1494.
Tanzi MG, Gabay MP. Association between honey consumption and infant botulism.

Pharmacotherapy 2002;22:1479-83.

117.

118.

Committee on herbal medicinal products (HMPC) assessment report on foeniculum
vulgare miller. European Medicines Agency Evaluation of Medicines for Human Use.
February 2008. EMEA/HMPC/137426/2006.

Arsenic in rice: a cause for concern. Hojsak |, Braegger C, Bronsky J, et al;
ESPGHAN Committee on Nutrition. J Pediatr Gastroenterol Nutr. 2015;60:142-5






