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S.1

S.2

S.3

S.4

S.5

ummary

Background and context

Between 1974 and 1994, the Committean dviedical Aspects dfood andNutrition Policy
(COMA) published a series of reports on infant feeding practices in the United Kingdom
(UK) and made reenmendations for infant and young child feeding. The lasthefsé

NBLI2 NI a> W2 Sdayingdk BGIOFR sl RS LBz0ft AAKSR AYy wmdpdn

much of the advice in the UOH, 1994

Sibsequent recommendations made by the Scientific Advisory Committee on Nutrition
(SACN) and by international expert committees have carried implications for current infant
feeding policy. These include the adoption of World Health Organization (WHO) Growth
StandardgWHO MGRS, 2006®&/HO MGRS, 2006BACNRCPCH, 200And revisions to
energy requirementgFAQO, 2004SACN, 201)a

This rgort covers the infant period, from birth up to 12 months of age. In particular, it
considers evidence on developmental stages and other factors that influence eating
behaviour and diversification of the diet, and makes recommendations on feeding in the
fiNadG @SIFN)2F fAFSP® Ly {SSLAYy3aA gAGK {!/ bQa
been considered. This report forms part of a wider piece of work considering the scientific
basis of current recommendations for feeding children up to 5 yearg@f a

Breastfeeding makes an important contribution to infant and lifelong health and is the
physiological norm. Therefore, when considering evidence regarding the transition to
infant formula and/or complementary feeding, the implications for breastfeedngt be
considered and the potential benefits balanced against the risks.

Terms ofreference

The terms of referencare defined below.

a) To review the scientific basis of current recommendations for complementary and
young child feeding up to 5 years (60 mtios) of age. This report covers infants aged O
to 12 months.

b) To consider evidence on developmental stages and other factors that influence eating
behaviour and diversification of the diet in the early years.

c) To review the nutritional basis for currentedary recommendations applying to
breastfeeding mothers (where relevant to the health of the infant).

d) To make recommendations for policy, practice and research.

Xii
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Methodology

S.6 The SACN Framework for the Evaluation of EvidéBA&€N, 20)2vas used ashe basis
for considering appropriate evidence for inclusion in the review. Consideration of the
evidence was primarily focussed on systematic reviews, prospective cohort studies and
randomised controlled trialRCTsyvhere available.

S.7 In parallel with SACN, the Committee on Toxicft€hemicals iffood, ConsumerProducts
and the Environment (COT) considered: a) the effects of early exposure to food antigens
on the development of immune tolerance and b) exposure to foottaminants in breast
milk, commercially available infant foods and other constituents of the infant diet.

S.8 Information on dietary patterns and nutritional status in infancy was derived from the 5
yearly Infant Feeding Surveys (IKEBcAndrew et al, 2012 which provided a unique
perspective on infant feeding practices in the UK over the period -292® and from the
2013 Diet and Nutrition Survey of Infants and Yowigldren (DNSIY@)ennox et al,
2013.

S.9 Key outcomesndicating the adequacy of nutrient intake in infancy were considered to be
the rate of linear growth and weight gain, and biochemical and haematological measures
of nutritional status. The effects of not breastfeeding on infant and maternal health
outcomeda HSNB | faz2 O2yaARSNBR® ¢KS /2YYAGGSS
neurological and developmental progression during the first year of life influences the
acceptance of foods other than breasilk (or infant formula).

S.10 The Committee noted and took ament of a number of limitations associated with infant
feeding studies. Principally these were: inconsistent characterisation of the frequency and
consistency of exposure to breast milk; a paucity RE€Ts and often inadequate
consideration of: the strengit and complexity of socidemographic confounding; the
rapid pace of change in the diet during the first year of life; and, the marked variability
between infants in their rate of development.

Conclusions

S.11 The main findings from this review of the evidermefeeding in the first year of life, upon
which SACN has based its recommendations, are set out below. The report provides a
detailed consideration of all the evidence considered by SACN.

Infant and complementary feeding in the UK

S.12 Successive UKkSup to 2010 have shown increases in the proportion of women initiating
breastfeeding, particularly since 2008owever, successive surveyavealso show that

Xiii



S.13

S.14

S.15

S.16

S.17

S.18

the proportion of women who discontinukbreastfeedingefore thear infant was6 weeks
old hadremainal between 2% and39% since 198

The proportion of women in the UK who breastfed exclusivel§ moonths of age or who
were still breastfeeding al year remained very low in 2010 compared with othegh
income countries (HIC)

Surveillance data fromhe IFSindicate that there was a reduction in the proportion of
infants receiving solid foods beforé months of agebetween 2000 and 2010. This
followed a change inadvice from the UkKhealth departmentsin 2003to recommend
exclusive breastfeeding for amad the first 6 months of life The previous policy
recommendation was to exclusively breastfeed for the #rgt 6 months of life.

In the UK preastfeeding and age of introduction of solid foaate patternedby parental
social and educational statugshich may lead to confounding in their associatiomiis is

also the case for the quality of the complementary diet. Parents of breastfed infants are
more likely to follow complementary feeding guidance and other health and lifestyle
guidance.

Breastfeedng

Breastfeeding makes an important contribution to infant and lifelong health and
represents the physiological norm for early infant feedifige available evidence indicates
that breastfeeding exclusively for the first 6 months of life does not comstrdaint energy
intakes or weight gain. Breastfeeding has an important role in the development of the
infant immune system through the provision of passive specific andspegific immune
factors. There is evidence that not breastfeeding is associated avtiigher risk of infant
hospital admission for infectious illneskhere isevidencethat not breastfeeding may also

be associated with disadvantages for certain neurodevelopmental outcomes during
childhood, as shown inone RCT and a range of observasibrstudies,but residual
confounding cannot be ruled out.

The available evidence indicates that breastfeeding is associated with improved maternal
health: lowerrisk of breast cancer and endometriossndgreater postpartum weight loss

and lower body mas index (BMI) ithe longer term Breastfeeding is not associated with

an increased risk of low bone mineral density or osteoporosis in later life.

Acceptance of solid foods

By around 6 months of age, infants are usually developmentally ready to aciivedypt
foods other than breasmilk (or infant formula). The available evidence indicates that the
introduction of solid foods or infant formula before 6 months of age reduces the amount
of breast milk consumed and is associated with greater risk oftinfeillness in infants.

Xiv



S.19

S.20

S.21

S.22

S.23

S.24

S.25

¢tKS SEAaGSYOS 2F || WONRGAOIE S6AYR26Q F2NJ 0

months is not supported by experimental evidence. Deferring the start of complementary
feeding to around 6 months is not associated with lat#ficulty in accepting solid foods.

A range of evidence indicates that repeated exposure to new foods enhances their
acceptance. Offering a variety of foods also helps to increase acceptance of new flavours
by infants. A single trial reported tha Baby-led weaning (BLWapproacltfresulted in
earlier selffeeding, less food fussiness and greater enjoyment of food (secondary
outcomesselfreported by parentks

Growth and energy requirements

Theestimated averagerequiremens (EAR) for dietary enerdgr UKinfantswere derived
using the WHO growth standaragich describe the growth pattern of infants who were
exclusively opredominantlybreastfed for at least the first 4 months of life and breastfed
for at least the first 12 months of lifén DNSIY(013) around 75% of the childrefaged

4 to 18 monthskurveyed had parenteported intakes that exceedetthe EAR for energy.
The same proportion exceeded th&/HO growth standard median for weightfThese
findings suggest that UK infants are exceedingirtt@ergy requirements. This is of
concern in relation to wider evidence on the prevalence and risk of overweight and obesity
in childhood

Regarding the observed relationship between the age of first solid foods and later
adiposity, most prospective stugl have identified rapid early weight gain as a predictor
rather than a consequencd the early introduction of solid foods.

Micronutrients

Iron status at birth is the most important determinant of iron stathsoughout infancy.
Factors associated wittower iron status at birth include low infant birthweighand
maternal iron deficiency anaemia, obesity, smoking status and gestational hypertension.
Delaying clamping of the umbilical cord until it has stopped pulsating is an effective
intervention to incease iron status at birth.

Healthy term infants are born witlufficient body iron stores, which along with iron in
breast milk,are sufficient to meet their needs for growth and development for the fist
months of life. From around 6 months of agedigersecomplementary diet is needed to
meet the increasing iron requirements of older infanBreast milk(or infant formulg
should be themain drinkthroughout the first year of lifethe consumption of unmodified
0246aQ YAf1 | & I yodrdgdr thanRNdoyihs is@ssociatedTvithyloiver iron
status

Data from DNSIYC (2013) indichteat 6% of infants were at risk of vitamin D deficiency.

{1 /b NBO2YYSYRa | Wil T-$oughyfirlal idfants &6 bifikh G | YA y
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S.26

S.27

S.28

S.29

S.30

(except for those @ansuming more than 500ml of infant formula a day)weverdata from
both IFS (2010) and DNSIYC (2013) indictiat the proportion of infants receiving
vitamin supplements was low (less than 14%).

Regarding vitamin A, data from DNSIYC (2013) indicastdnb infant had intakes below

the lower referencenutrient intake (LRNIat age 4 to 11 months. However, COT concluded

that there is potential for some infants to exceed thelerable upper level (TUL) for

GAOGlL YAY ' AT aSEOt dzéaking Siétary soppdrentsicadn&iRingdigh Y 2 ( K
f S@gSta 2F OGAGFYAY 1'é 2NIJAF AyFlyida FNBE aF$S
content allowed by regulation, given high dose vitamin A supplements, or consume liver
Y2NB (GKIFy 2y 0SS LISNI 6SS{1¢o

Oral hedth

Breastfeeding during the first year of life has oral health benefitee available evidence

indicates that breastfeeding up to 12 months of age is associated with a decreased risk of
dental cariesand may offer protection when compared with infant fioula feeding

However, some limited observational evidence suggests that once the primary teeth erupt,
factors such as breastfeeding ad libitum, nocturnal feeding and sleeping with the breast in

the mouth may be associated with an increased risk of decdgiles.The one available

systematic reviewwith meta-l y I f € aA a4 F2dzy R (KLl (may8edeSsNI o NB |
likely to develop malocclusioh®2 Y LI NER 6AGK Wy S@StNI2oyeaBl &G F St
of age

Risks of allergic and autoimmune disease

There wasinsufficientevidenceto indicatethat breastfeedingnfluencesthe development
of allergicor autoimmune diseases.

The available evidendedicates that thedeliberate exclusion or delayed introduction of
LIS ydzi 2 NJ K S§tQE m8rihd ohgedaydngréase the riskf allergy to the
same foods.

The available evidence indicates that allergenic foods such as péaufegoi gluten or

fish canbe introduced from around 6 monthsf ageand need not be differentiated from

other solid foods:

T GKSNBE A& AyadzZFFAOASYld SOARSYyOS (2 RSY2yaidl
egg into the infant diet before 6 months of age reduces the risk of developing food
allergy to any greater extent than introduction from around 6 morhage

! Malocclusion describes the alignment of teeth which are considered not to be in a normal position in
relation to adjacent teeth (that is, the teeth are not correctly aligned).
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1 there ishighquality evidence that the timing of introduction of gluten is not associated
with the risk of developing coeliac disease

1 there is low to very low quality evidence that early fish introduction (before 6 to 12
months of age) was associated with redu@ieérgic rhinitis and sensitisation

1 there is insufficient evidence for conclusions to be drawn on the effect of timing of
introduction of other allergenic foods in relation to developing an allergy to that.food

S.31 There was nandicationthat avoidance or casumption of allergenic foods by mothers
during pregnancy or lactation would help reduce allergic or autoimmune diseases in their
children.

S.32 The available evidence does not support the use of extensively hydrolysed or partially
hydrolysed protein formula tanfluence the risk of developing allergic or autoimmune
disease.

S.33 There was little evidence that maternal and other infant dietary exposures increased
OKAf RNBYy Qa T dzii calgic ddAuoimmind disBaSe@ St 2 LIA y 3

Risks of chemical toxicity

S.34 COT assssed toxicity issues from the infant diet for a number of nutrients, substances and
contaminants in breast milk, infant formula and solid foods. They concluded there were
unlikely to be concerns over toxicity in the diet of infants for substances coesicsr
current levels of exposurdssues where COT haentified that there is potential concern
are described ichapterl0.

Recommadations

Breastfeeding

S.35 The totality of the evidence reviewed for this report supmodurrent guidance to
breastfeed exclusively for around the first 6 monthsaofA Y ¥ yGi Qad f AFS | yR
breastfeedingfor at leastthe first year of life. Each makes an important contribution to
infant and maternal health.

S.36 Given the rapid decline in the progion of women breastfeeding over the first few weeks
of an infant's life in the UK, greater focus should be given to:
1 reducing attrition rates
1 supporting women who make the informed choice to breastfeed

S.37 Increasing the proportion of women who continue breastfeed or express breast milk
beyond 6 months of ag&ould yield additional health benefits.
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S.38

S.39

S.40

S.41

S.42

S.43

S.44

S.45

Infant formulad 6 F & SR 2y SA (i KS NJis @h2 gndyshita@iehdte@ative iod Q Y A f
breast milk for babies who are under 12 montbisage The use ofkoyabased formula

should only be on medical advice and the possible health effects oftssedformula

should be kept under review.

Introduction of complementaryeeding

Current advice on the age of introduction of complementary feeding should remain
unchanged. That is, most infants should not start solid foods until around the age of 6
months, having achieved developmental readiness

Breast milk, infant formula and water should be the only drinks offered after 6 months of
age. Unmodified € g a Q Y Adfnpt b& gdvendas a main drink to infants under 12
monthsofag ¢ KA & A & 0 S@budgdtidh inOraiicy i© asdosidtell withver

iron status as a result of gastrointestinal blood loss and because the iraentoand
bioavailability of cow(milk is low

A wide range of solid foodsncluding irorcontaining foodsshould be introduced in an
ageappropriate fornf from around 6 months of age, alongside continued breastfeeding,
at a time and in a manner to suit both the family and individudbchi

Dietary, flavourand texture diversification should proceed incrementally throughout the
complementary feeding period, taking into account the variability between infants in
developmental attainment and the need to satisfy nutritional requirements. ewh
introducing new foods it should be recognised that they may need to be presented to
infants on many occasions before they are accepted, particularly as infants get older.

In view ofthe high intake®f salt (sodium chloride) and free sugars in this ggmup, there

is a need to reemphasise the risks associated with added salt and free sugars in foods
given to infants during the complementary feeding period and to keep reported intakes
under review.

Healthy infants do not require iron supplements. Toiopse iron status throughout the
first year of life, SACMNd National Institute for Health and Care Excellence (NICE)
recommendations on delayed cord clamping should be implemented and monitored.

All infants from birth to 1 year of age who are being esgulely or partially breastfed
should be given a daily supplement containing 8.5 to 10ug of vitamin D4@30U/d).
Infants who are fed infant formula should not be given a vitamin D supplement unless they
are consuming less than 500ml (abaurte pint) of infant formula a day, as infant formula

is fortified with vitamin D.

2 Safety advice on the introduction of solid foods can be fountittp//www.nhs.uk/conditions/pregnancy
and-baby/foodsto-avoid-baby/
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S.46 The low prevalence of vitamin A deficiency in the healthy infant population, despite the
current low uptake of supplements, suggests the need to review recommendations on
routine vitamn A supplementation, particularly in light tife COT conclusion that there is
the potential for some infants to exceed the TUL for vitamin A. It is recommended that
government consider opportunities to review advice on supplements and foods containing
vitamin A during infancy.

S47 | ROAOS 2y O2YLJX SYSyYy Gl NE FSSRAy3a akKz2dzZ R adl i
can be introduced fronaround6 months of age andeed not be differentiated from other
42t AR T22R&a® ¢KS RSt A0 SeghbefondStE2imdndhd of gge 2 ¥ LIS
may increase the risk of allergy to the same foods. Once introduced, and where tolerated,
these foods should be part @A Yy T+ Yy Q& dzadzr f RASGTZ (G2 &dz i
family. If initial exposure is not contied as part obnA Y F I Y1 Q& dzadzr £ RASGZ
increase the risk of sensitisation and subsequent food allergy. Families of infants with a
history of earlyonset eczema or suspected food allergy may wish to seek medical advice
before introducing theséoods.

S.48 CGovernment should keep the risk from lead, acrylamide and arsenic under review. Efforts
to reduce the levels of inorganic arsenic in food and water, and levels of acrylamide in
commerciallyproduced and home&ooked foods should continue.

S.49 Governmentshould considepublic health messages to help ensure that infants aregied
appropriate and diverse complementary feeding diet

S.50 Government should consider ways to monitor the prevalence of overweight and
overfeeding in infants, and ways to address reglergy intakes in this age group.

S.51 Government should consider how to address gaps in the evidence on infant feeding
practices in the absence of national monitoring of current practié¢éis includes evidence
gaps orthe prevalence and duration of breastf@di@g, use of nutritional supplements, and
use of foods other than breast milk in infancy. The questions and definitions previously
adopted in the Syearly IFS would allow tracking of secular trends and changes in practice
consequent to new recommendatio@d guidance.

Research recommendations

S.52 Throughout the development of this report, SACN noted a number of limitations in the
study design for some of the available research. Significant gaps in the evidence relating to
infant and complementary feeding weralso identified. The Committee has therefore
made a number of recommendations for research which are set out in chapter

XiX



11

1.2

1.3

1.4

15

Background

Introduction

There has been no comprehensive risk assessment of infant and young cHiltyfeethe
United Kingdom (UK) since the CommiteMedical Aspects dfood and Nutrition Policy
(COMA)pub A a KSR A (G a NBhdfveabingd 2SRI1Q94IDAA99% v R

A number of recommerations made by the Scientific Advisory Committee on Nutrition
(SACN) and by international scientific advisory committees following the COMA 1994
review have carried implications for current UK infant feeding policy (for example from the
World Health Orgaaation [WHO], Food and Agriculture Organization [FAO], European
Food Safety Authority [EFSA], and the Royal College of Paediatrics and Child Health
[RCPCH]).

Accordingly SACN requested its Subgroup on Maternal and Child Nutrition (SMCN) to
review recent @velopments in this area. To complement this work, the Commitiee
Toxicity ofChemicals inFood, GonsumerProducts and theEhvironment (COT) was asked

by the Department of Healt{DH)to conduct a review of the risks of toxicity from
chemicals in the it diet, and examine the evidence relating to the influence of the
infant diet on development adllergicand autoimmune disease.

This report summariseand evaluatethe available evidence on feeding infants in the first
year of life to enable risk manags to make appropriate recommendations for the UK
population. In particular, current advice to breastfeed exclusively for around the6irst
months of life and on the timing of introduction of complementdegdingto the infant

diet is considered in theontext of the variatio in infant feeding practicesthe health
consequences for the mother associated with not breastfeeding are also considered in the
context of changes in the prevalence and duration of breastfeeding iVkhe

Breastfeeding representthe physiological norm for early infant feedingistorically the
terms Weaning foodSbr Wolid€were commonly used to describe the foods introduced to
infants alongside breast milk (or infant formuldeanind2can be interpreted as the
cessation obreastfeeding (or milk feedingXherefore, throughout this report the term
Womplementary feedingQhas been used to indicate that the purpose of introducing
foods other than breasmilk (or infant formula) is to complement the nutrients provided
by breastmilk (and/or infant formula) when breast milk (and/or infant formula) alone is
not sufficient to meet the nutritional requirements ofthe growing infant. The
introduction of complementaryfeeding diversifies the infant diet whilst breastfeeding
(and/or infant formula feeding) continues during the early years of life. In the UK literature
Womplementaryfeedingusually implies the solid food component of the infant diet but
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the WHO definition would include liquid complementdeedingsuch as infant formal
(Kramer & Kakuma, 200PAHO, 2003

Terms ofreference

The terms of reference for theeport are defined below.

a) To review the scientific basis of current recommendations for complementary and
young child feeding up to 5 years (60 months) of age.r€pmrt coversinfants aged 0
to 12 monthsof age

b) To consider evidence on developmental stages and other factors that influence eating
behaviour and diversification of the diet in the early years.

c) To review the nutritional basis for current dietary recomrdations applying to
breastfeeding mothers (where relevant to the health of the infant).

d) To make recommendations for policy, practice and research.

Ly 1SSLAYy3I gA0GK { !/ brépartisirésiNored to Bsk asdeEsmentNaBdy O S >
only healthy tem infants have been considered@he report considers: infant feeding in
relation to infant and maternal health; infant feeding, body composition and health
outcomes; energy and micronutrient requirements during the first year of life; the eating
and feedimg of solid foods; and infant oral health. Risks of chemical toxicity arising from
the infant diet and those relating to infant diet and the developmentatiergic and
autoimmune disease are also coveredIn line with the SACN Framework for the
Evaluation of Evidence(SACN, 2012 the report does not provide advice on how
recommendations are taken forwards for polidhat is, risk managementThe role of
government, the health service, and ngovernmental organisatns in protecting,
promoting and supporhg breastfeeding fall under risk management and are therefore not
in the scope of this report.

History of policy development

UKrecommendations

Over the last fifty years there have been significant changes tofd#t iieeding policy and
practice.UKrecommendatiors for breastfeeding and the introduction of complementary
feedingsince 1974re summarised ifableA.1.

During the 1970s there was particular concern about excessive weightirganfancy
(Taitz, 1971 Shukla et al, 197%2and the high incidence of infantile hypernatraemic
dehydration, either in an isolated form or associated with acute gastroentefiliaitz &
Byers, 1972Davies, 1973Chambers & Steel, 195 hese conditions were linked to early
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solid foodgWilkinson et al, 1973 often within the first few weeks of life.

Accordingly, in 1974, a working party set up by COMA considered infant feeding practices
and recommended breastfeeding for a minimum2oiveeks and preferably for therft 4

to 6 months of life.lt strongly discouragkthe introduction of solid foods beforé months

of age and made recommendations about vitamin supplementation, highlighting the need
for further researcHDHSS, 1974

Following these recommendations, the Department of Healtld Social SecuritfDHSS)
commissioned a nationally representative survey of infants born in England, Wales and
Scotland in September and October 19®8artin, 1978. In 1980, a further sample of
infants born in England, Wales and Scotland during August goier8ker in 1980 were
surveyed.These sweys showed that the percentage of infants who were breastthdt(

is, ever put to the breast) increasedaoim 51% in 1975 to 67% in 198@oreover, the
proportion of infants receiving solid foods befdanonths of age fell from 8&to 55%

A further woking party endorsed the recommendations made by the previous report in
relation to breastfeeding and advised that the introduction of complementaegding
should be no later tha® months (DHSS, 1990The working party ab reviewed evidence

on gluten sensitisation and stated that for the majority of infants there was no evidence
that wheatbased cereals posed a risk. For the potentially allergic child, they advised that it
is reasonable to avoid early introduction of faodhat are commonly considered
allergenic As the child gets oldethey recommended greater diversity of foodsouldbe
cautiously introduced until an unrestricted disteventuallyachieved.

A third report of the working party on practices in infargetling reaffirmed earlier
recommendations and endorsed conclusions of the 1980 report in relatiomitéonin
supplementation andhe introduction of allergenic food€DHSS, 1988In addition the
G2NJAy3 LI NIGe adadlriSR GKFG || RASGAGALFyYyQa SEL
considered in relation to foods commonly considered allergenic.

In 1991, COMAonveneda working group to review the scientific evidence in relation to
nutritional adequacy of the weaning diet. While previo#sesent day practi€ereports
addressed the diet of infants in the first months after birtyeaning and thewveaning
dietQ(DH, 1994 included reommendations on when and what types of first foods to
introduce and the progreson of complementary feedingThe report endorsed
breastfeeding for the firs#t to 6 months of life, followed by the introduction of nemheat
cereals, fruit, vegetables andofatoes as suitable first solid foods. It recommended
delaying the introduction of potentially allergenic foods (for example, eggs, nuts and
wheat) until 6 months at the earliest. Earlier recommendations on vitamin
supplementation were revised to state th&rom the age of6 months, infants receiving
breast milk as their main drink, or less than 500ml/day of infant formula, should be given
supplements of vitamins,ACand D.
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In 1999, COMA undertook a review of the Welfare Food Sch@hk 2002 Based on
recommendations made by COMA, teeheme (which had beem place since 1940) was
changed in a number of respects anddesignated¥lealthy Staf® Healthy Start replaced

the meanstested elements of the Welfare Food Scheme throughout the UK in 2006.
Important aspects were the obligation for beneficiaries tgister during pregnancy with a
health professional (thus enabling nutrition counselling) and rebranding of the vitamin
preparations asblealthy Starf®vitamin supplements for young children and motheféie

range of foods offered was also widened throudfe tintroduction of exchangeable
vouchers. Under previous arrangements, eligible beneficiaries received milk tokens to use
at participating retailers, or received tins of infant formula at health clinics, while Healthy
Start vouchers can be used atparticig Ay 3 NBGF AT SNB (26F NRa (KS
infant formula suitable from birth, and fresh fruit and vegetables.

World Health Organization recommendations

In 1979, a joint meeting was held with participants from governments;gmrernmental
organisations, the United Nations system, the infant food industry and scientists to discuss
recommendations for infant and child feedinghe outcome, published by th&HOand

the United Nations International Children's FufldNICEJ; was to recommendhat fully
breastfed infants should not need to hatroduced to complementaryfeeding before
around4 to 6 months of aggWHO/UNICEF, 1980

Since 2001, the WHO has recommended that mothers worldwide exclusively breastfeed
infants for the first6 months to achieve optimal growth, development and heghtiHO,

2001). Thereafter they should be given nutritiouslid foods as breastfeeding continues

up to the age oR years or beyondThese guidelines weneiteratedA y (1 KS 21 h Q& D
Strategy(WHO/UNICEF, 20D3

The WHO published guidelines in relation to infant and child feeding specificalligefor
European region in 2008VHO Europe, 2003These recommendethat all infants should
be exclusively breastfed from birth to arour@l months of age, withcomplementary
feedingintroducedat about 6 months of ageacknowledging that some infants may need
solid foodsearlier, though not beforel months of ageRecommendations about the type
and consistency of first solid foods were also made.

In 20B the WHO and Pan American Health Organizat{BAHO)published guithg
principles for complementary feeding of the breastfed cHiRAHO, 2003 These were
followed in 2004 by principles for complementary feeding of the -bosastfed child
(WHO, 200% Both reports recommended the introduction eblid foods at6 months of
age.

Following a systematic review of the scientific evidence, WHO publigteedhbst recenh
recommendations for complementary feedifg/HO, 2013 Thesedo not differ from the



2003 and 208 guidance WHO recommendationgor breastfeeding and the introduction
of complementary feedingince 198@Gre summarised ifableA.2.

UKpolicy on exclusive breastfeeding and infant feeding

121 In2001{ !/ b SYR2NBSR G§KS 2| éx€usiveivaStieadriGigrRiel A 2 v
firsteY2y 0KaA 2F |y AyFlLyaQa ftAFS 64SS 1020S0d {
"That there is sufficient scientific evidence that exclusive breastfeeding foonths is
nutritionally adequate. However the grotipnoted that early introductio of
complementary foods is normal practice in the UK and that mothers do this for many
gt AR LISNBR2YIFfS>S a20A1Lt YR SO2y2YAO NBlazy
SACN therefore recommended that there should be some flexibility in the advice, but that
any complementary feeding shouldbt be introduced before the end of completed
months (17 weeks).

1.22 Since 2003, it has been UK policy to recommend exclusive breastfeeding for around the
first 6 months of life with continued breastfeeding alongside appropriate complementary
feeding afterthat (DH, 2003 SACN/SMCN, 20P3Around80%of UK infants are now at
least initially breastfedMcAndrew et al, 201 Data from the Infant Feeding Surv@lS)

2010 show thafollowing the change in infant feeding policy 2003 there has been &-
fold increase in the number of mothers introducieglid foods betweerd and 6 months
compared with when the policy recommendation wak to 6 months exclusive
breastfeeding, when a high percentage of mothers introduced complemerfegling
before4 months.

1.23 Existing guidance relating to dental caries prevention in urlgear oldsincludesthe
bullet points below.

1 Fom 6 months of age infants should be introduced to drinking from a-ualve free
flowing cup to enable children to learn the skill of sipping, which is important in the
development of the muscles used for talking. Frage one year onwards, feeding
from a bottle should be discouraged

ugars should not be added tsolidfoods or drinks

The frequency and amount of sugary food and drinks should be as low as possible: only
plain milk or water should be provided between ai® and offering baby juices or
sugary drinks should haarticularlydiscouragedat bedtime

® TheAd hocExpert Group on Child and Materridiitrition which was convened in December 2000 under
the Chairmanship of Professor Alan Jackson in light of the WHO activity on the optimal duration of
breastfeedingTheAd hocGroup included members of the former COMA panel on Child and Maternal
Nutrition.



1.24 Policy and advice on infant feeding in the idiow largelydevolved. In England, the issue
falls under the remit of the Department of Healdnd Social Carand Public Health
England(PHE) guidance is also available from the National Institute for Health and Care
ExcellencéNICE)In Scotlandthe issue falls under the remit dhe Scottish Government
and Food Standards Scotland, while in Walefant feeding pdicy and guidance ishe
responsibility ofthe Welsh Government, with the support of Public Health WgMNdS
Wales, 2014aNHS Wales, 2014MNHS Wales, 20)5In Northern Irelandinfant feeding
policy and guidance is provided by the Department of Health, Northern Iredawldthe
Public Health AgendiNI Department of Health, 20).3

1.25 In England, Wales and Northern Ireland, it is the role of the Food Standards AG&#y
to protect public health frontiskswhich may arise in connection with the consumption of
food (including risks caused by the way in which it is produced or supplied) and otherwise
to protect the interests of consumers in relation to fodd. Scotland, this function is the
remit of Food Standards Scotland.
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Methodology

Key outcomes

The key outcome considered in this report are:
displacement of breast milk

growth

infectious illnesses

micronutrient status

the acceptance of new foods

oral health

food allergies and autoimmune diseases

=4 =4 =4 4 A4 A - -

chemical toxicity

Complementaryfeeding isrequired when breastilk (and/or infant formulg is no longer
sufficient to meet the nutritimal needs of the growing infaniThe introduction ofsolid
foods in addition to breast milkmay reduce the amount obreast milkconsumed and

this may be associated with a reductioim the quality and amount cfnA Y ¥ I Yy i Q&
nutrient intake.

Infant growth is assessed by weigbt-age, lengthor-age, weightfor-length, body nass
index (BMI), and adiposityGrowth is asensitive measure of nutriensupply (both
deficiency andexcess); there is also increasing understanding of the relationship between
patterns of early growth and health risks in later I ®ACN, 201)bThere is consensus
that the pattern of growth associated witheast risk of both current and lorgrm ill-
health is that defined by the WH@®Ilulticentre Growth Reference StudyvHO MGRS,
2006Dh), which theUKadopted in 2007 for the purpose of clinical and population growth
monitoring (SACN/RCPCH, 200The current report thus regards achewent of the
growth pattern described by the WHO Standard as a key indicator of health.

Infectious illnesses, particularly of the gastrointestinal and respiratory traces leading
causes of infant morbidity and mortality, including in ti& Feeding pactices in infancy
have an important bearing on the risk of such ilinesses.

Micronutrients play a vital role in metabolism and in the maintenance of tissue function
An adequatedietary intake, or in the case of vitamin D, adequate exposure of the skin t
sunlight containing sufficient ultraviolet B (UVB) radiatimtherefore required A diet
that contains too little of one or more vitamsror minerak over a prolonged period, or
when there is a inability to absorb sufficient amounts of these nutrisntresults in
nutrient deficiencyLikewise, inadequatskin exposure to UVB radiation leads to vitamin D

G2



deficiency.Poor micronutrient status negatively impachealth outcomes in both the
short and the longer term.

2.6 The second half of infancy -@& months) in particular can be a challenging period
nutritionally. Widening the range of foods accepted introduces considerations about the
energy and nutrient density of the diet, its macronutrient balance, and the adequacy of
micronutrient balanceDemands var as the infant grows and levels of physical activity
increase with the development of independent mobilifihere may also be shetrérm
variation in nutrient demands, for exampléoss of appetiteand subsequentatchup
growth associated with illness

2.7 The acceptance of new foods is influenced by a number of biological and social factors.
The nature of the relationship between the dependent child and the caregiver, which
SP2t @S&a RdNAYy3I (GKS SINIeé &SIkNAR 2fainkkeSzI Aa
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progression which is particularly rapid in the first yefire way in which food is offered or
administered, and the age at which foods are presented, may also modify acceptance and
either help or hinder diversification of the diet, perhaps with léegn implications for
eating behaviour.

2.8 Oral health is part of genal health and wellbeing and contributes to the development of
a healthy childTooth decay is the most common oral disease affecting children and yet it
is largely preventablenfant and complementary feeding practices are among the many
factors influenaig oral health in the first2 months of life.

2.9 Allergy to food constituents is increasipgppreciated as aause of ithealth in children
and adults.In the UK, it is estimated tha& to 8% of children have a proven food allergy
(Rona et al, 2007 Increases in the prevalence of food allergy are reflected by a
documented increase in hospital admission rates for very severe reactions (anaphylaxis
between 1998 and 2012, food anaphylaxis admission rates in the UK rose from 1.2 to
2.4/100,000 population(Turner et al, P15). The origins of food allergyare unclear; a
number of environmental factors may be operatiandit is speulated that the timing of
exposure to food antigens in early life may modify the developmentnofiune tolerance
to food constituents.

2.10 Chemcal contaminant®r the risks of chemical toxicity may be a concern for infants. They
have a proportionately high food intake per unit of body weigfttis can expose them to
relatively greater intakes of environmental food contaminants, notably some setiadl
persistent organic pollutants, than othage groups



Eligibility criteria and literature search

2.11 Arange ofapproaches were employed to identify literature for ciheration, as outlined
below. Ahead of public consultation on the report (kdgptenber 2017), the cubff date
for inclusion of evidence was a publication date bef2@4.6

2.12 Key published systematic revieyvise Cochrane Reviean Wh LJG A Y £ 5dzN) A2y
NEB I a (i TKEaS& & Kakdina, 20)12nd the US Agency for Healthcare Research and
vdzl t AGe 9GOARSYOS wSLRNIk¢SOKyz2f23e | aasSaay!:
LYFlLyd | SFHEfGK hdziO2Y Slp ethaly20q fedséndidpartant 2 dzy ( NJ
sourcesfor the consideration of evidence dieeding in the first year of lifand health
outcomes Additionalsystematic reviews were identifiadsingPubMed and hand searches
and are citedvhererelevantin this report.

2.13 Supplemental searches were conducted using PubMed to ideptifpary studies not
included in key systematic reviewAdditional studies were identified by hand searches
Abstracts, coference proceedings and grey literature (such as round table reports) were
excluded

2.14 A separate literature search was undertaken to identify evidence on the influence of infant
feeding practices on the development of early childhood caries and malamelusisearch
was conducted using Ovid MEDLINE to identify the most recent systematic reviews of
relevance to the UK population and which included evidence judged to be of sufficient
quality. Individual studies were also considered where systematic reviesese not
available or did not fully address the questions posed.

2.15 Evaluation of the evidence was based 8ACKD &ramework for the Evaluation of
Evidenc&®(SACN, 20)2which recognises the contribution of differentusly types in
making an overall assessmenThe evidence examinedvas mainly restricted to
prospective cohort studies, and randomised controlled trials (RCTs) where these were
available, but cross sectional studies and case reports were also considered tivbse
informed interpretation of the evidencelThe evidence considerederived from studies
conducted inhigh income countriefHIQ unless otherwise statednlysystematic reviews
or primary studiepublished in the English language weesiewed

2.16 COTwas asked to examine the risks of toxicity from chemicals in the diet of infants and to
consider whether current government advice should be revised. COT has published its
findings and associated advice in a series of statem®&utails of the approachakenand
weblinksto the COT statemenigre provided irchapter10.

2.17 The FSA commissioned a series of systematic reviews which represented key sources of
evidence to inform consideration of the risks arising from the infant diel development
of allergicand autoimmune disease These reviews were evaluated by Ca@id their
conclusionswvere published in accompanying COT statemetgoint SACNCOT working



group was established to undertake a benefk assessment on the timg of
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these foods.

2.18 In addition to the literature searches outlined abgyeeviously published SACN repdrts
of relevance were considered and searchwsre undertaken to update evidence that
might have accrued sinctheir publication Two large national surveys informed the
sections describing current infant feeding practice in th These were thdFS2010
(McAndrew et al, 201pand the Diet and Nutrition Survey of Infants and Young Children
(DNSIYQged4 to 18 months(Lennox et al, 2013

2.19 The draft report was made available for public consultatidmyto September 2017)The
comments received from interested parties wetaken into consideration before the
report was finalisedln addition,evidence highlighted through the consultation process
that had been publishedrom the start 0f2016 was considered by the committedhe
report was amended where newly availableAeR Sy OS KIFR Fy AYLI OG0 2y
overall conclusionsStudies that provide further corroborative evidence in support of the
conclusionsvere not included.

Data extraction

2.20 Relevant data from each of the included studies were extracted into sgbéeAnnex ¢
This included the name of the first author, year of publication, total number of
participants, demographicsstudy design,outcome measures, edounders and study
findings. Where available, definition®f exclusie breastfeeding and complementary
feeding were alsancluded

Limitations of evidence

2.21 A number of limitations were identified in some of the available evidence and considered
as part of the assessment of the evidence. These are briefly summarised below.

Appropriatenesof RCTs

2.22 RCTs, if properly conducted and designed, provide the best evidence on the relationship
between an exposure and health outconfidorta & Victora, 2018 RCTs are designed to
minimise the risk of confounding as participantsfelifonly in the randomised treatment

* SACN reports on: Salt and health, 2003; Review tdnji@dvice on vitamin A, 2005; Iron and health, 2010;
Dietary Reference Values for energy, 2011; The influence of maternal, fetal and child nutrition on the
development of chronic disease in later life, 2011; Vitamin D and Health, 2016. Joint SACNAORQH:r
Application of WHO growth standards in the UK, 2007.
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or exposure(SACN, 2012 A key aspect of this is blinding assessors and participants to
their random allocation (a double blind trial). However, it is usually not possible taucond
double blind trials investigating infant feeding practices. Additionally, many consider it
unethical to allocate healthy infants randomly to a dietary regimen other than exclusive
breastfeeding for around the first 6 months of life. Accordingly there relatively few
RCTs in young infan€ohen et al, 199Dewey et al, 1999V ells et al, 201Pand existing
studies were predominantly undertaken liow and middle income countrie&1Q which

may not be directly applicable to the UK population.

2.23 An alternative approacimn this field has beemo allocateparentsto an interventionthat
may increase the prevalence of exclusive breastfeeding (frd@dmidnthy. A key example
of this approach was the Promotion of Breastfeeding Intervention Trial (PROBIT)
conducted in the Republic of Belarus in which cluster randonoisatvas applied to
allocate over 17,000 mothers and their infants to a novel intervention (the UNICEF Baby
Friendly Hospital Initiative) that might increase both the incidence and prevalence of
breastfeeding(Kramer et al, 2001l The cohort arising from PROBIT has subsequently
provided informative data on a range of breastfeednetpted outcomes, extending from
infancy to later childhood.

Retrospective and prosmtive data collection

2.24 Due to the paucity ofrial data in relation to infant feeding, it is necessary to use additional
evidence from observational cohort studieghis type of evidenchas limitations when
used to infer causation. Data collection for teewmay be prospective or retrospective.

2.25 Patterns of feeding evolve rapidly in infancy and there is considerable variation between
individuals, in keeping with the pace and nature of infant developmbnthis context
knowledge of the exact age at whichldigidual participants first encountered exposures of
interest is of considerable valu®etrospective collection of such data is unlikely to be
accurate, particularly after intervals of months or yed&etrospective data collection may
also be susceptibléo recall bias due to the time lapse when obtaining feeding histories
(Horta & Victora, 2018 Parents may be influenced in their reporting by their subsequent
experience.Prospective data collection, sampling at frequent points during the early
months of life (for example weekly or at least monthly) is more reliable.

2.26 Prospective data collection also assists in the detection of reverse causality, a common
source of bias in infant feeding studié®auchner et al, 1986For example, infants who
are heavier and/or perceived as beingrgrier may be introduced to foods other than
breastmilk earlier than their peers. This may be because they are perceived to be more
RSYFYRAYy3 2N fSaa WalidAaFASRQd Ly {(KAa SE
subsequent development of obesity incuinfants would be confounded in an analysis of
AyO2YLX SGS NBIUNRALISOGALGS RIEGF® 2A0K2dzi | OO0
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assessment of appetite, links to early feeding could erroneously imply causgityig et
al, 1993 Kramer et al, 2001

Measurement issues

Measurement of exposure is a significant problem for infant feeding resedrbis
particularly relates to the definition oBreastfeedingand to measuring the age at which
interventions of interesare made.

Both the duration and thalegree of exclusivitpf breastfeeding may vary considerably,
even within the same populatiorBreast milkmay be given alone fo8 months,on only
one occasionor be combined in varying amounts withfant formulaand other foods.
Participants following any of these patterns are sometimes describédvas breastfe@
when data are reportedOutcomes in breaged infants (and mothers who breastfeed) are,
however, frequently doselependent and will not be adequately demonstrated unless the
intensity of exposure is measured.

In order to address the inconsistencies and lack of precision in how breastfeadtg
breast milk exposureare described, WHO recommend th#te standardised definitions
providedbelowshould be applied for research and health survey purpd$44O/UNICEF,
2003.

1 Bxclusive breastfeedi@indicates that the infant has received only breasilk (from
the mother or a wetnurse), or expressed breastilk. No other liquid or solid foods

have been given, though drops and syrups containing medicines, mineral supplements

or vitamins, and oral rehydration solutions may be given.

1 Predominant breastfeedir@ndicates that breasmilk is the main source of nutrition
though other liquids (such as drinks, teas or oral rehydration solutions) may be given
provided that they are not foodbased.

1 Wull breastfeedingis a term often used to describe groups of infants who individually
are either exclusively or predominantly breastfed.

1 Wartial breastfeedinQor thixed feedin@describes the use of breastilk alongside
other liquid or solid foods, for example infant formula or weaning foods.

However, even when standard definitions areedsconsideration must be given to the
research context in which data were collectéthr exampledemographichealth surveys
may describe the pattern of feeding recalled in the lasth@dirs (WHO, 2008 while the
UKIFSdefinition of ¥xclusive breastfeediigat all infant ages required nothing other than
breast milk to have been given since bi(flicAndrew et al, 201

12
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Confounding

In manyHIC such as th&JK patterns of infant feeding are strongly confounded by secio
demographic factors, such as smoking, parental education, ®manomic statugSES)
and familysize(lp et al, 2007SACN, 201z%lHorta & Victora, 20183

The extent to which confoundinéactors have been controlled for varies between studies
and is an important consideration when judging the quality of evidence.

Breastfeeding mothers are more likely to be healtinscious and, therefore, also more
likely to pomote healthy habits to their children as they grow up, including promotion of
physical activity and intellectual stimulatiofHorta & Victora, 2018 Information on
potential confounding factors should therefore be collectttl taken into accountn the
analysis of study findingsThis can be difficult, however, because individual socio
economic measures are unlikely to fully characte@eSFor example, in the Gateshead
Millennium Study 3 different markers of deprivation or educational level ngeall
independently associated with breastfeeding initiation in a multivariate prediction model,
when mutually adjusteqParkinson et al, 2091Thus, if on} one of these measures was
collected there would be residual confounding even after apparent adjustment for-socio
economic group.

Sometimes it may be useful to consider studies which have examined the links between
breast milk exposure and health outcomas LMIC because sockemographic
determinants of breastfeeding in these settings are much less apparent or may even
operate in the opposite direction to those encountered in thi

Outcomes

Where alternatives to breast milk are evaluatéd trials, it may be unclear where
outcomes directly reflect the intervention or indirectly reflect the lack of breast ridk.

this reason it remains important that any trials effant formula incorporate a
breastfeeding reference groureferably this should be ctemporaneously studied but,
alternatively, reference data may be applied if recruiting a reference group is infeasible
(DH, 199%

Timing of introduction of complementarfeedingto formula fed infants

Evidence on the timing of introduction of complementdegdingto exclusively formula
fed or mixed fed infants iscarce.As a result, theleliberation of thelong term health
impact associated with timing of introduction sblid foodsfor these groupss limited
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3.3
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3.5

Infant feeding, growth and health

Assessing infant growth

The achievement of linear and ponderal growth rates compatible with both short and long
term health is a key aim of early life nutritioRor many yearshie National Centre for Health
Statistics (NCHS) growth reference formed the principal international descriptor of growth
outcomes until a number of criticisms were raisdthe infant data used to compile NCHS
charts were from the Fels Institute growth stu(USA)Yhat included low birthweight infants
and overrepresented multiple births (two or more infants born from one pregnanicyfant
measurements were taken at relatively infrequent intervals (bighnonth, 3 months, 9
months andl year) and the metbd of feeding was not specified.

World Health Organization Growth Standards

These criticisms led to the planning and implementation of the WMGRSwhich was
conducted in6 countries between 1997 and 2003. Longitudinal and ceesgional data
were used o develop new standards describip@ysiologicalgrowth for all children from
birth to 5 years of agand establish the breastfed infant as the normative model for growth
and developmentfWHO MGRS, 20068VHO MGRS, 200Bbrhesereplace the previous
WHO/NCHS growth reference.

The criteria applied to ensure thatthe infants recruited to theWHO MGRSvere not
affected by growth restriction in utero and were adequately fedduring infancyare
described below.

1 All infants were born at term to healthy, neemoking mothers who had been well
throughout the pregnancy

Multiple births (two or more infants born from one pregnancy) were excluded

1 Infants were exclusively or predominantly breastfed for at least the 4irsbnths of life
were introduced to complementarfeedingby aroundthe age of 6months (180 days)
and continued partial breastfeeding up to at least 12 months.

The resulting growth standard@VHO MGRS, 200pldescribe the growth of a large
international sample of healthyreastfed infants (vith a mean ageof 5.4 monthsat
introduction of complementaryfeeding, thereby establishing thigrowth pattern asan
international standard

The growth standardbave been incorporated into ageased charts for length, weight and
BMI, which prescribe a growth outcome to be achieved in the pursuit of health. These
charts are intended for use by parentdgctors and public health officials to monitor the
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growth of children and assess whether a child is too short, underweight, or overweight, for
age(WHO MGRS, 2006&4/HO MGRS, 200%b

UK/WHO growth charts

3.6 In 2006, SACN, in collaboration with the RCPCH, undertook a risk assessment ok the ne
standards. SACN/RCPCH found that affeweeks of age the WHO MGRS data were
comparable with measurements of early growth obtained in two UK coh®ifferences
were noted, however, between the birthweights of the MGRS and UK cohbhisse
differenceswould have made the interpretation of weiglthanges from birttproblematic.
Accordingly it was recommended that the UK combine national data for birthweight from
the existing UK1990 dataset with WHO MGRS data fratnweeks of age onwards
(SACN/RCPCH, 2007

3.7 The resulting UK/WHO charts prescribe the healthy growth pattern for all UK children aged
2 weeks to4 years including those from ethnic minority groups, irrespective of whether they
are breast or formula fedPatternsof early life weight gain which deviate from these
standards may have implications for future health (see Chapjter

Physiological developmerdind infant feeding

3.8 Maturation of the gastrointestinal, renal and neurological §3%ta Ay ¥f dzSy 0Sa (K
ability to accept foods other than breast milk or infant form(M¢HO/UNICEF, 1998

Gastrointestinal function

3.9 During the first year of life, normal luminal digestion and mucosal absorption change
considerablyOver the first6 months oflife, healthy infantsdevelop the capacity to absorb
sufficient amounts omacro and micronutrients fromsolidfoods provided that these foods
are of adequate nutrient density and do not contain levels of other dietary constituents that
interfere with absorptioWHO/UNICEF, 1998

3.10 Following birth, the human intestine is rapidly colonised by microbes; factors including
gestational age, mode of delivery, infant feeding, satiin and antibiotic treatment are
known to influence colonisatiorfAdlerberth & Wold, 2009Marques et al, @10. The
intestinal microbiota of newborn infants is characterised by low diversity, which increases
during infancy so that by abow& years of age, the microbiota fully resembles that of an
adult. Both habitual and acute dietary exposures have beemwshtm influence composition
of the gut microbiota(Claesson et al, 201 Claesson et al, 20),2and the heah impact of
these compositional changes remains under investigation.

3.11 Diet plays a major role in the development of the microbiota during infancy; breastfed
infants are exposed to thbuman milk microbiome which has been reported to contain
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3.16

more than 700species of bacteri@CabreraRubio et al, 2012 Human milk also contains an
abundance of complex oligosaccharide®l other factorswith prebiotic activity stimulating
the growth of beneficial bacteria such as Bifidobactézi@kovic et al, 20])1

The intestinal microbiota plays important functional roles in a diverse range of processes
including, for example, the development of immune tolerance, the nitrogen economy of the
young infan, and endogenous production of vitamin K.

Renal function

The renal function of healthy term infants is well developed at birth and matures rapidly
during the firsté months(Guignard, 198R The kidneys play amportant regulatory role in
maintaining fluid and electrolyte balance the body and arethe primary route for
elimination of potentially toxic metabolic wasproductssuch as urea.

Urea is one of the main end products oprotein metabolism. When proteins are
metabolised they are first broken dowinto their constituent amino acids in the
gastrointestinal tractabsorbed intothe blood stream, and finally used to synthesis new
proteins The amino acids that are not used for the synthesis of proteins and other biological
substances are oxidized by the body as an alternative source of energy, yielding urea and
carbon dioxide.

Ureacan be hydrolysebtly the microbiome for the synthesis of amino acids to help meet the
needs of the infant.Both essential and noeassential amino acids are formed by the
microbiome and are available to the infant, contributing to the efifex YhtakeQ The
amounts made available through these processes may be substdntiateastfed infants
their contribution may exceed 50% of the dietary intaddeamino acidsduring the early
months of life, making an important contribution to the niggen economy of the young
infant (Jackson, 1994teinbrecher et al, 199@illward et al, 2000Jackson et al, 2004

Historically therehas beenconcern about the safe maximum protein and electrolyte
content of somebreast milk substitutes suchs@nergydense infant formulasThe protein
and electrolyte content of infant formulas greater than that of human milk and this
increases the renal solute load presented to the kidney for excrefffmmon & Ziegler,
1999. Moreover, reconstitution of commercially available powderedfant formula is
frequently inaccuratewith a tendency to oveconcentrate feeds and thirther increags
energy density and renal solute loddenfrew et al, 2008 As a resultthe amount of water
required to eliminate urea generated by amino acid oxidai®further increased in formula
fed infants and depends upon the effective partitioning of urea nitrogen between urinary
excretion and alvage through the metabolic activity of the colonic microbiofWéaterlow,
1999.
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3.21

Neurological development

During the first yearof life there is rapid neurological maturation accompanied by an
increase in brain size and the number of synaptic connectidhs.brain doubles in overall
size though there is considerable variation in the rate of regional grofth. example,
cerebellarvolume increases by 240and cerebral grey matter by 128but white matter by
only 126 (Knickmeyer et al, 2008An adequately balanced supply of nutrients is essential
to support this ordered process.

Coordinated, synchronous dewgiment of social, speech and language, visudine motor

and gross motor functioning is essential to the gradual achievement of independent
feeding.Progress is usually measured by the achievemetthdéstone€iPhatak & Phatak,
1991, Wijnhoven et al, 2004 the average ages at which particular skills become apparent.
Within populations there is considable interindividual variation in the attainment of skills.
Moreover, between population differences may arise from cultural variationsnfant
feeding practices, for example, in the timing of when finger foods are off@Méihht et al,
2011).

Gross motor milestones key to independent feeding incliitting up without suppor@and
WYrawling on hands and kne@$n the WHO Motor Development Study, part of tléHO
MGRS the average ages at which children sat without support and crawled were 5.9
months and 8.3 months respectivefge Onis et al, 200@ut 95% confidence intervals for
ead were very wide: sitting without support, 382 months; crawling 5:23.5 months.
CKA&a SYLKIFaArasSa | ySSR T2N NBalLkRyairgSySaa
when interpreting population guidance.

Certain feeding reflexes facilitate the @&ptance of solid foodsThe process by which
infants ingest and process foods can be described usityges of ageaelated behaviours:
suckling, sucking, munching and chewiilst suckng and sucking are innate, munching
and chewing appear to be lead as a result of exposure to different textured foods
introduced once the infant is developmentally ready. Early munching can occur at adound
to 7 months, with movement of the gag reflex from mid to posterior third of the tongue.
Chewing developBom 7 months typically from tip and groove of the tongue to move food
across the mouth as well as UVHO/UNICEF, 1998Mastication efficiency gradually
increases through the first few years of life and is initially (at aloiat 8 months) greater

for softer than harder foodfl_e Reverend et al, 2014

Half the infants in a UK cohort were reported by parents to be reaching for food and
beginning to eatfinger food€by 6 months of age; 20% reached out for food as early &5

5 months and only 6%add not done so by months. Generally infants whose development
was most advanced in other fields also reached for food eafWiaight et al, 201} This
behavour may also be affected by cultural background and the type of food offered
(Carruth & Skinner, 200Zarruth e al, 2004k Hetzner et al, 200Khan et al, 2009
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Breastfeeding and infant health

One of the difficulties encountered evaluatingthe contribution of breastfeeding to infant

health is that foods, liquids or nutrients may be given to the infant in addition to breast milk

Thismay reduce the amount of breast milk consumed as welinaseasing the risk of

contamination

Breastfeeding and infectiouslness in the infant

The healthy neonate is born with an immature immune system that develops over several
years (Gasparoni et al, 2003Remington & Klein, 2006In this context, breastfeeding
provides infants and young children with passive specific immune protection and bears
positively upon the development of immunological defence and antigenic aosy

(Grimshaw et al, 2027

Respiratory and gastrointestinal tract infections aamlte otitis meda (AOM) are important

causes of morbidity in infandi¥uan et al, 2001 For example, in England in 2015/16 there

were 38,566 emergency hospital admissions fopiegory tract infections in infants under

12 months (a rate of 582 per 10,000fants under
gastroenteritis (a rate of 152 per 10,00®HE, 201)7.

¢CKS ! ®{® 5SLINIYSYy(d 27F
evidence from systematic reviews/metmalyses,

1 year) and 10,098dmissions for

| SIf 0K YR lompiddy
randomised and noandomised

comparative trials, prospective cohort and casmtrol studies quantifying the effects of
breastfeeding on short and long term infant and maternal health outcomé#@{lp et al,

2007).

For AOM, pooled data frorh cohort studies of good and moderate methodological quality

comparing breastfeeding to not breastfeeding, showed aifigant reduction in risk of
AOM associated with breastfeedingdds ratio [ORD.60; 95%confidence interval | 0.46
to 0.78).Comparing ever breastfed with never breastfed, the pooled OR of AOM was 0.77

(95%CI 0.64to 0.91).Comparing exclusive breéesedin

g for more thar8 or 6 months with

never breastfeeding, the poolgdRwas 0.50 (95%| 0.3&0 0.70)(Ip et al, 2007.

Ip et alidentified one systematic reew with meta-analysis(Chien & Howie, 20Q1that
explored the relationship between breastfeeding and the developmentastrgintestinal

infections in children under one year of age livi

methodological qualitySixteen studies frorkllICmet the inclusion criteria set by Chien and

ng HIC It was considered of fair

Howie 12 prospective cohort studies retrospective cohortstudies and2 casecontrol
JFAGNRAYyGSalGAYEFE Ay

studies. ¢ KS | dzi K2NA RSTAYSR

® Further information on the health of children ageeb(ears, including key early years indicators and

ONBFaGTSSRAYI AYRAOIG2NAES A&
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vomiting, change in consistency or frequency of stools, or isolation of a known
SYUGSNRLI §K23Sy A O 0 SubjectS Ndrd sfilint@ tind gébapsJorfthe firdIS y (1 ¢ @
data analysis, 1) exclusive breastfeeding and partial/mixed feeding, and 2) no breastfeeding
(Chien & Howie, 2001

3.28 Of the 16 studiesncluded in the review bZhien and Howieb found a significant increased
risk of gastrointestinal infection in infants who were not breastflthst studies, however,
had methodological weaknesses, such as ramtequately controlling for potential
confounding factors and not having clear definitions for infant feeding practices and
infectious outcomes (see Methodologhapter2) (Chien & Howie, 2001

3.29 Evidence from3 studies that controlled for potential confounders suggested that
breastfeeding was associated with a reduction in {specific gastrointdsmal infection
during the first year of life in infants iHIC(Fergusson et al, 197&atonEvans &ugdale,
1987 Howie et al, 199D

3.30 Ip et al also identified eneta-analysiscomparing risk of hospitalisation for lower respiratory
tract disease (LRTD) in healthy term infants who were breastfed tivitbe who were not
(Bachrach et al, 2003LRTD was defined to include bronchiolitis, asthma, bronchitis,
pneumonia, empyema ral infections due to specific agents (for example, respiratory
syncytial virus)lp et alrated the methodological quality of the metmnalysis as grade
A/good(lp etal, 2007%.

3.31 Bachrach et atonsidered evidence from primary studies published between 1981 and 2001,
and identified7 cohort 6 prospective an@ retrospective) studies assessing the relationship
between breastfeeding and hospitalisation risk secondaryespiratory disease, which met
their inclusion criteria(Bachrach et al, 2003These were pooled for metanalysis and
summary relative riskRRYatios reported.

3.32 Using a random effects model, infants exclusively breastfeddfor more months were
significantly less likely to be hospitalised as a consequence of respiratory disease than those
not breasted (RR0.28;95% CI @4 to 0.54).This finding remained statistically significant
after adjusting for potential confounderSE&nd smoking)Infants not breastfed were 3.6
times more likely to be hospitalised compared with those exclusively breastfed for a
minimum of4 months. For every 26 infants exclusively breastfed4ononths or more, one
hospital episode secondary to respiratory disease could be prevdB@chrach et al, 2003
Ip et al, 200Y.

3.33 Since publication of the Ip et edview, the relationship between breastfeeding and risk of
hospitalisation for diarrhoeal and respiratory infection in the f8snonths of life has beae
investigated in 15,980 healthy term infants in the UK Millennium Cohort S@digley et
al, 2007 Quigley et al, 2009 The main outcome measures were parental reports of
hospitalisation forRA I NNK2 Sl ORSFAYSR |a W3l adNRSy{dSNJ
AYFSOGA2Y O0[we¢LO O6RSTAYSR a4 WOKSald AyFTFSOGaAz



3.34 In the UK Millennium Cohort Stud@uigley et al, 200Quigley et al, 2009 information on
infant feeding obtained through parental interviewas categorised by type of milk received
in the previous month (not breastfed, partially breastfed, or exclusively breastfed).
Breastfeeding duration and the age at introduction of other types of milk and solid foods
was stratified by one month age bantisestimate monthly risk of hospitalisation according
to whether the infant had received solid foods in that month and the type of milk received
in that month. The impact of age at introduction of solid foods on risk of hospitalisation in
the presence ofifferent milk feeding patterns was also investigatédljustment was made
for a range of potential confounding factors (sE&bleC3 for details).

3.35 Infants who drank only breast milk had a significantly lower risk of hosptiialiséor both
diarrhoea (OR 0.37; 95% CI 0t28.78) and LRTI (OR 0.66; 95% CI| @4/92) compared
with those not breastfed at all in the preceding morf@uigley et al, 200%

3.36 Quigley et al estimated that,ifin a west European contexall infants were exclusively
breastfed, 53% of diarrhoea hospitalisations could be prevented and 31% could be
prevented by partial breastfeedingQuigley et al, 2007 Likewise for LRTI, 27% of
hospitalisations could be prevented with each month of exclusive breastfeeding, and 25% by
partial breastfeeding.

3.37 In a similar prospectiveohort study conducted in Spaf{RaricicTalayero et al, 20061,385
infants were followed from birth td year of age to measure the association beém not
breastfeeding and hospital admission as a result of respiratory tract and gastrointestinal
tract infections. Data on the incidence and duration of full breastfeeding (defined as
exclusive or almost exclusive) were collected by maternal interviewlistharge after
delivery and at3, 4 and 6 months of age.The main outcome measure was hospital
admission resulting from neperinatal infection during the first year of life according to
hospital records.

3.38 After adjustment for potential confounding wiables, ParicieTalayero et affound that
infants who were not breastfed were at significantly greater risk of hospitalisation for
infections.When compared with infants fully breastfed fdror more months the risk of
hospital admission for infection in thigst year of life wa$ times higher jazard ratio HR
4.91; 95% CI 2.4tb 9.99) among never breastfed infants and o2dimes higher (HR 2.45;
95% CI 1.280 4.66) among those fully breastfedh to 4 months. It was estimated that
every additional mortt of full breastfeeding would prevent 30% of hospital admissions due
to infections among those who had not received full breastfeeding; if the whole infant
population were fully breastfed fod or more months 56% (95% CI 3Q® 69.424 of
hospital admissios in infants underl year could be preventedqParicieTalayero et al,
2006).

339 The{ 2dz0KI YLIi2y 22YSyQa { doKird eéohditsteidy assessed theINP2 & LIS
relationship between the duration of any breastfeeding (including mixed feeding; breast
milk alongside infant formula and other food and drinks) and the prevalence of LRTI, ear
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infections and gastrointestinal morbidity during the first yedrlife (Fisk et al, 2011 One
thousand seven hundred and sixty four infants born to SWS participants were followed up at
6 and 12 months of age by trained resedr nursesAt both visits, a detailed history of milk
feeding was obtained along with data on whether the infant had suffered symptoms of the
infectious diseases under investigation and whether a doctor had diagnosed the infant as
having a chest infectioryronchitis, bronchiolitis, pneumonia or an ear infecti@ata were
collected at6 months on the age at which solid foods were first regularly introduced.

Fisk et al reportedhat there were graded decreases in the prevalence of respiratory and
gastrointestinal symptoms over the firsd months of life among infants who breastfed for
longer (Fisk et al, 2011 This dosalependent relationship persisted after adjustémt for a
number of potential confounders (including maternal age, smoking in pregnancy and age at
which solid foods were first regularly introducedhor infants breastfedor 6 months or
more, compared with those who were never breastfed, the relativaksifor general
respiratory morbidity, diarrhoea and vomiting were 0.72 (95% CI t@%®889), 0.43 (95% ClI
0.03to 0.61) and 0.60 (95% QlI39to 0.92), respectivelyin the second half of infancy, the
inverse relationship between breastfeeding durationdadiagnosed respiratory infections
and gastrointestinal morbidity remained but was weakBio significant doselependent
association between breastfeeding duration and risk of diagnosed ear infections was
observed in either the first or secorimonths ofinfancy(Fisk et al, 2011

Introduction ofsolidfoodsor infant formula before 6 months of age

An extensive systematic reviely Kramer and Kakumassessed theffects of exclusive
breastfeeding fol6 months compared wittexclusive breastfeeding f@&4 months followed
by introduction of complementary liquiddor example, infant formulapr solid foods with
continued breastfeeding until at lea6tmonths of aggkramer & Kakuma, 2002A number

of infant and maternal health outcomes were studifithe review included 6 independent
studies: 7 were conducted in LMIC (2 of which were controlleds}rehd 9 in HICThe
authors reported that neither the trials nor he observational studies suggested that
exclusive breastfeeding for 6 montlsasassociated with deficits in weight or length gain.
Exclusive breastfeeding for 6 monthasassociated with a significantly reduced risk of one
or more episode of gastrointesial infectionin the infants as well awith a more rapid
postpartum weight loss in the motheHowever, exclusivereastfeedingfor 6 months was
not associated with a reduced risk of atopic eczema, asthma, or other atopic outcomes
(Kramer & Kakuma, 2002

An update to the review by Kramer and Kakuma (20023 published in 201&Kramer &
Kakuma, 201R This updated review included 7 new independent studiesd ft MIC and
3 from HIC) and data from 2 independent studies were updated (both from IHI®}al, 23
independent studiesvere included in this updated review1 were conducted in LMIC (2 of
which were controlled tria) and12in HICS K S | dzii KuBidnk remained yir@lianged
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exclusive breastfeeding during the first 6 months of life, as opposed to the first 4 with mixed
feeding thereafterdoes not adversely affect infant growtnd itis advantageous for infant
health. In particular, exclusive bredetding for 6 months or more is associated with a
significantly reduced risk of gastrointestinal and respiratory infectioramer & Kakuma,
2012.

Data from a luster randomised trial in Belaru&ramer et al, 2001showed that infants
exclusively breastfed for the fir6tmonths were at lower risk of gastrointestinafection in

the first year of life (RR 0.6B5%Cl 0.46to 0.97) than those mixed fed fromh months
(Kramer & Kakuma, 20)1.2Similar observations were made irNggerianprospective cohort
study (Onayade et al, 2004 infants exclusively breastfed dugnthe first 6 months
experienced less morbidity from gastrointestinal infection than those exclusively breastfed
for 3-4 months and mixed fed thereafteAn Iranian prospective cohort studi¢hadivzadeh

& Parsai, 200¢dobserved that infants mixed fed aftdrmonths were at greater risk of both
gastrointestinal and respiratory infection betweeh and 6 months of age than their
exclusively breastfed counterpart

Quigley et al (20099xamined the independent effects of solid foods and breastfeeding on
the risk of hospitalisation for infection in term, singleton infants in the Millennium Cohort
Study (n=1380). Information on first solid foods and hospitaligati was collected via
retrospective interview at ag& months the mean age of introduction of solid foodss

3.8 months 1.1%of the infantswere hospitalised in the firsB months for diarrhoea and
3.2% for LRTAs describedn paragraphs$3.33to 3.36(Quigley et al, 2007the monthly risk

of hospitalisation for diarrhoea and LRTI was significantlyetomnw exclusively breastfed
infants compared with those receiving infant formula puafter adjustment for
breastfeeding and other confounderthe riskwas not significantly higher in those who had
received solid foods before agemonths compared with thse who had not (for diarrhoea,
OR1.39 95% CI 0.7%0 2.59; for LRTIDR1.14 95% CI 0.76 1.70. Howeverthe number
hospitalised was low and there was little variability in age at §odid foods(Quigley et al,
2009.

Wright et al (2004plso examined the independent effects of solid foods in the Gateshead
Millennium Study.Term infants born in 1998nd 2000 in a defined geographical area were
studied prospectively and 707 parents (77%) replied to a questionnaire atdagenths,
which included questions about feeding and minor ailments. At this age, 94% of infants had
already startedsolidfoodswhile 21% had started befol@months(Wright et al, 2004.

In contrast to the findings fronQuigley et al (2009)Wright et al observed a graded
association betweerearlier age of first solid foods and greater number ofreported
episodes of diarrhoea and GP consultatioddter adjustment for other significant
predictors, including duration of breastfeeding, the increased risk of diarrtassaciated
with the introduction of solid foodbefore 3months of agecompared with after 4 manths
of ageremained significant (OR 1.6p=0.02) butthe as®ciation with GP consultationsglid
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not (OR1.32;p=0.1). There was no association with other minor infectifisight et al,
2004).

Most studies considering the effects of breastfeeding compared with other milk or solid
feeding on the riskf infectious illness have not distinguished between complementary solid
feeding and infant formula. There is therefore little evidenoeyond the two studies
highlighted above(Wright et al, 2004 Quigley et al, 2009to inform the question of
whether solid foodsconsumed alongside breastilk or infant formula, increase the risk of
infection.

Continued breatfeeding following introduction ofcomplementaryfeeding

A systematic reviewy Sankar et atlentified 8 cohort studies an@ case control studies, all
from LMIG reporting allcause mortality associated with not breastfeeding after the age of
months(Sankar et al, 20)5Relative risk of mortality among infants and children who were
not breastfed, compared with those receiving any breast milk, was 1.76 (35P@28to
2.41) betweert and 12 months of ageNo studies fronHICwere identified.

An analysis of UK Millennium Cohort Study data on hospitalisation for diarrhoeal disease or
lower respiratory infection befor& months of age showed that breastfed infanivere at
significantly lower risk than those not breastfed even after the introduction of-mdk
foods(Quigley et al, 2000

A metaanalysis ofLl2 cohort sudies showed that the risk &OMin the first2 years of life
was significantly lower in infants breastfed for longer periods (OR 08%CI 0.5%0 0.76).
After the age oR years there was no effe¢Bowatte et al, 201p

Breastfeeding and neurodevelopmental outcomes

The relationship between breastfeeding and/or infant formtdadingand different aspects
of cognitive function in later lifbasbeen reportedin many studiesrom HIC

Patterns of infant feeding in the UK and other HIC are strongly determined by demographic
G NAFo6fSa AyOfdzZRAy3a az20Alt Of(péal 200y FACN, 2 (1 KS N
2011k Horta & Victora, 2018 Observed relationships between infant feeding method and
cognitive developmenmight therefore be explained by the confounding effects of related
factors, such as differences in the quality of the home environn{Bnadley & Corwyn,
2002 Hackman & Farah, 20%nd maternal factors includingtelligence quotien{lQ) and
responsivenesgDer et al, 2006 Jacobsonet al, 2014. However,the associations with
breastfeeding are also seen in populations where patterns of confounding influences differ
(Brion et al, 201)L Brion et aldevelopeda standardsed approach to compare a cohort from

a HIC (theAvon Longitudinal Study of Pregnancy and ChildHéa®PACUK) with a cohort

from a LMIC (the 1993 Pelotasohort, Brazil) They reported that breastfeeding was
positively assoiated with performance in intelligence tests iboth the Pelotas andhe
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ALSPAG®Irth cohorts.While breastfeeding was positively associated widmily income in
ALSPAC, it waisversely associateith the Pelotascohort, suggesting that breastfeeding may
have causal effects on Brion et al, 201

In 2013, Horta and Victora publishe systematic review on the lortgrm effects of
breastfeeding, including perfarance in intelligence tests. Ametaanalysis of 13
observational studies (providing 14 estimates) suggested that breastfeeding (defined as ever
versusnever or by duration) was associated witlgherperformancein intelligence tests in
childhood and adolecence, by aaverage of 3.43Q points(95% CL.92to 4.981Q points.

In studies that controlled for maternal intelligence, the difference was X1 9oints(95%

Cl1 0.890 3.501Q pointg (Horta & Victora, 20133

An updated systematic reviewith meta-analysison the association between breastfeeding
and performance in intelligendestsby Horta et al (2015) includel studiesandreported
18 estimates of an association between breastfeeding (ev@swsnever or by duration)
and performancern intelligence testslt found that for children who had been breastfed
there was an aveige difference of 3.4496%Cl 2.30to 4.58 IQ points The difference
remained, although attenuated, in studies controlling for maternal IQ (maigerence 2.62
(95%CI1.25t0 3.98)IQ points(Horta et al, 201p

This positive finding is supported by data francluger randomised trial of breastfeeding
promotion.Y NI YSNJ S |t owunnyo aadSaaSR OKAf RNByQ:
Scales of Imtlligence) at 6.5 years of ag€hildren in the breastfeeding promotion group

had higher meams on all of the Wechser Abbreviated Scales of Intelligenoghich was

significant for verbal IQ with alusteradjusted mean differencef +7.5 5% CHO0.8to

+14.3). Thalifferences for performance 1Qor for full scale IQvere not significan{Kramer

et al, 2008.

Breastfeeding and maternal health

Maternal BMI

Analysis of pooled data from two Honduran randomised tri@shen et al, 1994ewey et
al, 1999 showed that mothers who breastfed exclusively during the féshonths lost
more weight pstpartum than those who introduced other foods aftdrmonths (mean
difference 0.42kg95%CI 0.330 1.03kg).

¢CKS AYLIOG 2F ONBIFIaAaGFSSRAY3I 2y . NAGAEAK g2YS
Million Women Study, a prospective study of 740,628 woragad 50to 64 years attending

the NHS breast screening programr{lobrow et al, 2018 Data on duration but at

exclusivity of breastfeeding were collected by questionnaikmong parous women, 70%

had ever breastfed with a mean total duration of 7.7 £ 8.8 monBwstmenopausal BMI

was significantly correlated with both parity (mean BMI increased progressivitly

24



number of births) and with breastfeeding. At each level of parity, mean BMI was
significantly lower (p<0001)for women who had breastfed compared with those who had
not; mean BMI decreased by 0.22kd/for every6 months breastfeeding.

Breast cancer

3.58 Individual datarom more than 147,000 women from 47 epidemiological studies conducted
in both LMICand HIC including the UK, were analysed to estimate the relative risk for
breast cancer associated with breastfeedif@pllaborative Group on Hormonal Factors in
Breast Cancer, 2002This collaborative reanalysis reported that women with breast cancer
had had fewer pregnancies than cools (2.2 ersus2.6) and a greater proportion were
nulliparous (16% versus 14%lere less likely to have ever breastfed (Alsus79%), and
had a shorter average lifetime duration of breastfeeding (@eBsus15.6 months).The
relative risk of breastancer decreased by 4.3% (95% QIt2.5.8% p<0.0001) for every 12
months of breastfeeding in addition to a decrease di% 5% CBb.0 to 9.0%G p<00001)
for each birth.¢ KS I dzii K2 NA Qi ya0K aizRrSsRort {iféimdi durétion of
breastfeedingtypical of women in developed countries makes a major contribution to the
high incidence of keast cancer in these countriggCollabordéive Group on Hormonal
Factors in Breast Cancer, 2002

3.59 The European Code against Cancer programieEghtion) (ECaC) similarly estimated that
there is a 2% reduction in breast aaan risk for every additional Bonths of breastfeeding
RdzNR y 3 $ lifetifre (5¢0& iR et al, 20)5ECaC also ranked (from highest to lowest)
30 HICby proportion of children ever breastfed; thdkwas placed twentyifth.

Bone health

3.60 In 2011, theUSInstitute of Medicine (OM) Committee was tasked with assessing the newly
available data on vitamin D and calcium and updating, where appropriate digtary
referenceintakesfor these nutrients The following paragraphare based on findings from
the IOM (IOM, 201) andfrom areview by Olausson et é@Dlausson et al, 20)2

3.61 Breast milk calcium content is homeostatically regulated, and maternal calcium intake does
not alter breastmilk calcium content(Olausson et al, 20)2 The calcium demands of
lactation are met by physiological changes including upregulation of maternal bone
resorpton (Olausson et al, 20)%0 that most of the calcium in milk derives from the
maternal skeleton. Maternal bone mineral density (BMD) can dedling%to 10% during
the first 6 months ofexclusive breastfeeding but normally returns to baselmée 6 to 12
months following the introduction of solid foodghen the infant is aroun@® months of age
(Kalkwarf, 19990lausson et al, 20)2Therefore a history of lactation does n@tppear to
increase risk of low BMD or osteoporosis in later(ddausson et al, 20)2
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3.62 Analysis usingNational Healthand Nutrition Examination SurveyNHANES Il data
compared BMD from duanergy Xray absorptiometry (DEXA) measures it®8vomen
ages 20 to 25 year&hantry et al, 2004 and found that young women who had breastfed
as adolescents had higher BMD than those who had not breastfed, even after controlling for
obstetric variabgs.

Endometriosis

3.63 A prospective cohort study of 72,394 women investigated the association between lifetime
breastfeeding, exclusive breastfeeding, postpartum amenorrhea, and incidence of
endometriosis, among parous womeéRarland et al, 201)7 The study found that duration of
total and exclusive breastfeeding was associated with a significantly decreaseafrisk
endometriosis For every additionaB months of total breastfeeding, women experienced an
8%lower risk of endometriosis (HR92 95%CI 0.90to 0.94 p<0.001 for trend) and 14%
lower risk with every additiona months exclusive bre#fgeeding per pregnancy (HR 0.86;
95% CI 0.810 0.90;p<0.001 for trend). Women who breastfed for a total of more than 36
months across their reproductive lifetime had a 40% reduced risk of endarastr
compared with women who never breastfed (HR Q.88% CI 0.560 0.72). The findings of
this study suggest that any breastfeeding, and especially exclusive breastfeeding, is
associated with a lower risk of endometriosis.

Conclusions

3.64 By around6 months of age, infantare usuallydevelopmentally ready to actively accept
solidfoods. There is, however, wide variation between individuals in the age at which fine
and gross motor skills are attained as well as varying expectations between cultures.

3.65 The WHOgrowth standards (2006) describe the linear and ponderal growth pattern of
infants exclusively or predominahyt breastfed for at least the firs# months of life and
breastfed forat leastthe first 12 monthsof life. Theydescribe a pattern of growth tbe
attained by all infants whether or not breastfed.

3.66 Breastfeeding has an important role in the development of th&ant immune system
throughthe provision of passive specific and nspecific imnmune factorslhere is evidence
that not breastfeeding is ssociated with ahigher risk of infant hospital admissioras a
consequence ofastrointestinabr respiratory illness even idICsuch as theJK

3.67 The introduction of solid foodsr infant formulabefore 6monthsof ageis associated with
greater risk of gstrointestinal,and lower and upper respiratory infectiomisan continuing
to breastfeed exclusively.
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3.68

3.69

3.70

3.71

There is evidence that ndireastfeedingmay be associated witllisadvantages focertain
neurodevelopmental outcomeguring childhood asshown inone brge RCT and a range of
observational studiedut residual confounding cannot be ruled out

The available evidence indicates thakeastfeedingis associated with improved maternal
health. Women who breastfeedfor longer are at lower risk of breast canceand
endometriosis Breastfeedingis not associated with arncreasel risk of low BMD or
osteoporosis in later life.

Exclusive breastfeeding is associated with greater postpartum weight loss, and the duration
of any breastfeeding is associated with loweaternal BMI in the longer term.

Once solid foods have been introduced at aroudidnonths, continued breastfeeding
alongside solid foodfor at least the first year of lifes also associated with impred infant
and maternal health.
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4.1

4.2

4.3

4.4

4.5

4.6

Energy requirements

Dietary referencevalues forenergy

In 2011, SACN publisheglviseddietary referencevalues(DRVs) for energy, which replaced
the previous DRVs for energy set by COMA in 1B®, 199). For dietary energy, DRVs are
set at the average reference value, testimatedaveragerequirement(EAR)SACN has set
new EAR values for dietary energy for all age groups, including infantslagedd® months
(SACN, 201)a

Energy refeence values for infants aged 1 1@ months

Following the approach of the FAO/WHO/UNU Expert Consultgf@éxO, 2004 SACN
calculated the energy reference values for infants frimtal energy expenditurd TEE) plus
energy deposited in nely synthesised tissue during growth.

TEE was predicted from a simple equation expressing TEE as a function of Wagkhtas
derived from a longitudinal stud{Butte, 2005 in which TEE was measured by the doubly
labelled water (DLW) method in healthy, weturished, nomrstunted infants, born at full
term with adequate birthweight, and growing along the trajectory of the WKOgrowth
standard (SACN/RCPCH, 200YEEs were calculated separately for breastfednula fed,
and for those infants where feeding is mixed or unknown.

Costs of tissue deposition (s@ableB.1) were calculated by applying data on the body
composition of a population of healthy US infants to weight increments taken from the
UK WHOgrowth standards(SACN/RCPCH, 2007

TableB.2 shows the EARor energy calculated by adding the estimated energy costs of
tissue depositiorto TEEs for breastfed infantrmula fed infants and mixed fed infants.
EARs for breastfed infants are lower than those for-bogastfed infants at all ages but
particularly in the first3 months of life.

Comparison between SACN (2011) &d@MA(1991)DRVdor energy

Table4.1 shows energy reference values for infants in the SACN 2011 ré&pd@N, 201)a
compared with summary values reported by COMA in 1981Téble 2.60f the COMA
report (DH, 199)), with the changefrom the COMA tothe SACN reporexpressed in
percentage.Some of he body weights at the various ages used to calculate values in the
two reports vary slightly and this explains some of the difference although it is principally
due to the different method of calculation.
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4.7

4.8

4.9

4.10

411

Table4.1 SACN eergy reference values for infants, children and adolescents coneglar
with values reported by COMA

Energy reference values (MJ/d)

Age COMA (199%) SACN2011) Change (%)

Boys Girls Boys Girls Boys Girls
0-3 months 2.3 2.2 2.6° 2.4° 13 9
4-6 months 2.9 2.7 2.7 2.5° -7 -7
7-9 months 3.4 3.2 2.9 2.7° -15 -16
10-12 months 3.9 3.6 3.2 3.0° -18 -17

(DH, 199)

® Using the comparable values fiarmulafed infants (sed ableB.2).

The new energy reference values described in the SZXNreport are 9to 13% higher at
0 to 3 months compared with the COMA 1991 valbes are more than 15% loweat 7 to
12 months.

Observed energy intake and exclusive breastfeedingtmonths of
age

Some have questioned whether exclusive breastfeeding éntihlonths of age provides
sufficient dietary energy and micronutrients to meetetmutritional requirements of the
healthy infant born at termReilly et al, 2005Reilly & Wells, 20Q5-ewtrell et al, 2011
Fewtrell, 201).

Reilly et al(2005) conducted a systematic review to describe the metabolisable energy
consumption of exclusely breastfed infants ifICat around theage whencomplementary
feeding is introduced. Thirtthree eligible studies of ,041 motherinfant pairs measuring
breast milk transfer aB to 4 months of age were identifieflveighted mean transfer was
779/d; standard deviation $0 40); 6 studies (99 pairs) reported transfer &tmonths of

age (weighted mean transfevas827g/d; SD 3% and5 studies (72 pairs) reported transfer

at 6 months of age (weighted mean transfeas894g/d; SD 87). Using data fro#b studies

on 777 motherinfant pairs, the weighted mean metabolisable energy content of breast milk
was estimated as 25D 0.2) kJ/{p.62kcal/g (Reilly et al, 205).

Using these data, the mean metabolisable energy intake of exclusively breastfed infénts at
months was calculated as 224MJ/d (58-574kcal/d)(Reilly &Wells, 200%, which was less
than the referexce mean energy intake of 2&7MJ/d ©21-649kcal/d) set by
FAO/UNU/WHGQ@FAO, 200% The authors suggested that the energy needs of the aveBage
month old infant would not be met by exclusive breastfeediRgilly & Wells, 2005

A suibsequentstudy using more robust methodologydicates that exclusive breastfeeding
does provide sufficient energy for around the fiestnonths o life. Nielsen et alecruited 50
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4.12

4.13

4.14

4.15

4.16

healthy, relatively affluent, exclusively breastfeeding mothdant pairs from
breastfeeding support groups in the greater Glasgow a@anpared with earlier literature
values which were based primarily on the tegtight method, breast milk intakes (and
energy intakes) in this study were measured using the DLW method. Breast milk intake,
energy intake, anthropometry and breastfeeding practices (frequency and duration of
feeds) were measured at around 15 and 25 weekag#. Fortyseven pairs completed the
study, of whom 41 exclusively breastfed to 25 weeks of(Aligglsen et al, 2011

At both time pointsassessed mean milkintakes were higher than values previously
reported in the literature. At 15 weeks, Nielsen et al reported mean milk intake was 923 (SD
122) g/d compared with 779 (SID) g/d at 3 to 4months reported by Reilly et @Reilly et

al, 2005, and had ncreased by 25 weeks to 999 (%86) g/d; (compared with literature
values of 894 (SB7) g/dat 6 months) (Nielsen et al, 2001 The differences in milk intake
reported in this study compared with literature values may be due to the use of different
methodologies (see previous paragraph).

Nielsen et al reportedhat infant growth reflected WHO Child Growth Standards and energy
intakes were adequate compared with reference val(d®lsen et al, 2011 Questionnaire

and diary data ommaternal perceptions of breastfeeding and infant behaviour indicated
small and insignificant changes in feeding frequency between the two time points and did
not indicate that more time was spent on feeding with increasing age.

Feeding and regulation ahtake

Even very young infants can regulate their intake to meet their ne&iseday old
breastfed infants randomly allocated to feed first from the left or right breast at a feed took
significantly less milk from the second breast than the fifsissuggested that intake was

32OSNYSR o6& GKS AyTFryidQa | LIISTHA G Drenedit &K SNI {0 K

Woolridge, 1981

Fourweek old infants adjust breast milk intake to conserve their energgkmtwhen
mothers change their pattern of breast usaggffering one breast only or two breasts at
each feed in random order over owveeek periods led to changes in the volume of milk
consumed and its mean fat concentration but not the net fat intake ofitiient (Woolridge

et al, 1990.

Fomon et al fed ad libitum formula containi2g0kJ/100m{67kcal/100m) or 557kJ/100mI
(133kcal/100m) to infants for the first3 months of life(Fomon et al, 1969Fomon et al,
1979. Those receiving the higher energy formula took lower volumes of milk but consumed
more erergy overall and gained more weight until the agé efeeks.Thereafter the energy
intake and weight gain of th2 groupswere similar. This suggests that energy density may
influence the weight gain of nebreastfed infants in the early weeks of life libat they are

able to regulate intake more effectively aftémeeks of age.
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4.17

4.18

4.19

4.20

4.21

Caregiver control and responsiveness to the infanf R & 2 dz/fékding Kued niaRalso
affect intake as thechild develops socially during the early years of IFeeding tyle may
vary in a number of ways that may influence energy intakesexample infants may be fed
to a schedule or be fed on demand; botfied infants may be given fixed volumes of milk
regardless of cues; parents may attempt to encourage greater copsoamif their infant is
considered underweight, or offer less if considered overweight.

Caregiver responsiveness has been implicated in infant weight gain and obesity risk, and
interventions to promotecaregiverresponsive feeding and anticipatory guig@naround
infant feeding behaviours have reported beneficial effects on infant feeding practices and
lower infant weight gain in the context of obesity preventidrsystematiaeviewby Redsell

et al (2016)described 4 interventions that contained components related to caregiver
responsiveness to infar@sues: trials byBlack et al (2001gand Kavanagh et al (2008)hich
showedbenefits d caregiver feeding behaviours, and the NOUR(B&hiels et al, 2012
Daniels et al, 200)3and SLIMTIME interventior(®aul et al, 201)1 which also improved
infant weight gain. Additionally, the INSIGH@&sponsive parenting intervention was
reported to redice rapid infant weight gain and overweight status at age 1 {®avage et

al, 2014.

Introduction of solid foodsand energy intake

Breastfed infants

In 2 RCTs conducted in Honduras, exclusively breastfed infants wexataltl either to
continue breastfeedingrom 4 to 6 months of age orto receive solid foods alongside
breastfeeding fromd months(Cohen et al, 199Dewey et al, 1999 No growth differences
were observed between groups in either of the studies. In both studies, breast milk intake
fell in the groups given solid foods but total energy intake of the two groups was no
different. This suggests that the introduction of solid foods befar®und 6 months
displaces breast milk energy intake, without increasing overall energy intake.

An RCT in Icelan@Wells et al, 201p recruited 119 mothetinfant pairs exclusively
breastfeeding at4 months and randomly assigned them to continue breastfeeding
exclusively (EBmM=61; completed n=50) or to receiw®lid foods from 4 months with
continued breastfeedig (CF n=59; completed n=50)All mothers were counselled by
lactation specialistsBreast milk intake was estimated using the stable isotope deuterium
doseto-the-mother method.Anthropometric outcomes were also measured and intakes of
sold foods in the complementary feeding group were assessed u3idgy weighed
records.

The exclusivelpreastfeeding group consumed @@ (95% CI 1% 148g/d) more breast
milk than did the complementary feeding groyp=0.012), equivalent to 53kcal/thfants in
the complementary feeding group obtained a mean daily energy intake of B3kcal/d
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from solidfoods. Estimated total energy intakes were similar (EBF:688kcal/d; CF: 57%
97kcal/d) and there were no significant differences in anthropometttcomes (height,
weight and head circumference) and body composition between2igeoups(Wells et al,
2012).

4.22 Theevidenceaboveindicates that solid foods diace breast milkintakes Therefore, there
is a risk that the premature introduction of solid foods may lead to early cessation of
breastfeeding Conversely, deferring the introduction of solid foods may support continued
breastfeedingThis is supportedy the results of thdFS 201@see chapted 1) which noted
that after the change to a later recommended age of introduction of complementary
feedingin 2003(DH, 2003SACN/SMCN, 20p3here wasot onlyan increase in the age of
introduction of solid foodsbut also an increase in the proportion of mothers still
breastfeeding a6 months.

Non breastfed infants

4.23 In the one study identiéid that investigated the introduction of solid foods in formdial
infants, Mehta et alrandomly allocated 165 nchreastfed infants to4 diet groups: 1)
introduction ofcommercial solid foodat 3 to 12 months of age, 2) parental choice of solid
foodsat 3to 12 months of age, 3) commercial solid fooais6 to 12 months of ageand 4)
parental choice of solid foods 6 to 12 months of ageEnergy intake from solid foods and
from infant formula was measured &, 6, 9 and 12 months. Measurements of weight
length, head circumference and body compositifEKAwere also made at these intervals
(Mehta et al, 1998

4.24 There were no betweegroup differences in total energy intake, growth or body
composition measurements at any age but infanfgeg solid foods a3 months took
significantly less infant formula than those introduced to solid foods féamonths.

Conclusions

4.25 The EARfor dietary energyfor UK infantsare based on achievement of the growth pattern
of infants exclusively or predormantly breastfed for around the first months of lifeand
breastfed for at least the first2 monthsof life.

4.26 The best estimates to date indicate thiateast milk production increases betwedrand 6
monthsof ageand that thismeetsthe increasingenergydemands of the growing infant.

4.27 Theavailableevidencesuggestdhat breastfeeding exclusivelpr the first 6 months of life
does notconstrain infant energy intake or infant growth. Givingolid foods or infant
formulato breastfed infants beforé& months of age mayeduce breast milk intake without
increasing total energy intake attering growth omweight gain

32



4.28 Some limitedevidence suggests that formulad and breastfed infants differ in their ability
to regulate milk intake While kehavioural expaments suggest that breastfed infants
regulate energy intake as early as the first week of iifeant formula fed infants may not
do so until they are oved weeks of age.
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5.1

5.2

5.3

5.4

Infant feeding, body composition and health

Rate of weight gain in infancy

Systenatic reviews of observational studies have indicated that rapid weight gain in infancy
(displayed as upward crossing of centilegjyassistentlyassociated with an increased risk of
later obesity in childhood and adulthodBaird et al, 2008Vionteiro & Victora, 20050ng &

Loos, 2006Druet et al, 2012 Watchup growthQis the term used to describe the rapid
growth or weight gain that occurs followiregperiod of growth restriction, either as seen in
children who are born smalbr-gestationalage, or after gperiod of growth faltering after

birth. Whilst catchup weight gain may be beneficial in the shtatm, for example by
reducing the risk of hospitalisation, it has also been associated with increased adiposity in
later childhood and adulthoodOng et al, 2000SACN, 201)a

Weightgain in infancy, howevealso reflects growth in bone and muscle as well asdat
rapid infancy weight gain may also associated with later tall statur@Cameron et al, 2003
Wright et al, §12) and acquisition of lean magsVells et al, 2006Chomtho et al, 2008
Furthermore historical cohortstudies that have examined the association betwgxatterns
of infant growth and obesityelated cardiometabolic disease outcomes in adulsve
found no associatiorfJeffery et al, 20060r an association with smallirth size without
catchrup in infancy(Eriksson, 2011

Age at introduction of solid foods and riskfdater overweight or
obesity

Evidenceon early feeding (breastfeeding relative to infant formula feeding) in relation to
later body composition, including risk of later obesity, was considered by SACN in its report
2y WE¢KS AyTFf dzSy OS chldfnutifibnios Wi Helvelopmier oflclironic y R
RAaSI &S XSACN, 206196Té félldwige&xtion examines the evidence relating to

the age of introduction of solid foodmd risk of overweight andbesity in later life.

Systematic review evidence

Moorcroft et alconducted a systematic review of the association between the age at which

a2t AR F22Ra 6SNB AYyiINRRddZzOSR (2 KSIFfaKe GSN¥Y
infancy and childhoodThe authors identified 24 eligible studies iHIC including 21
prospective cohort studiesl RCT1 reanalysis of data fron2 infant formula trials andl

casecontrol study(Moorcroft et al, 201). Meta-analysis was not possible because studies

varied in duration of followup and in the categorisation of age at introduction of solid
foods.Some studies independently analysed data from the same cohorts.
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5.5

5.6

5.7

5.8

Overall, tle review did not identify consistent associatiorindings from the3 studies that
measured outcomes imfancy(up to 12 months of age) were mixedrour studies observed

that infants introduced to solidoods earlier were heavier or showed a higher weighin

(at various time points up to and includid@ months), but no overall association between
age at introduction of solid foods and weight or length measures in infancy was detected. Of
the 19 studies that collected anthropometric data thildhood (12 months of age to 18
years),5 found an association with later risk of obesitypuReen found no association
between the age at which solid foods were introduced and obesity fisko studies,
including 1 prospective cohort study and a casentrol study reported on obesity in
adolescence (12 to 18 years) and neither found an associ@¥oorcroft et al, 201).

It is difficult in observational research separate the effects of duration and prevalence of
breastfeeding from the age at introduction of complementéegding Most of the cohort
studies identified by Moorcroft et ablid not separateinfant formula fed, breastfed and
mixed fed infants however, Haschkeand van't Hof examined the effect of age at
introduction of solid foodson the growth of exclusively breastfed infants from the
longitudinal multicentre EureGrowth StudyThose infants whose only milk was breast milk
but who were given solid foalbefore 4 to 5 months of age were longer and had lower BMI
in the first 12 months of life compared with exclusively breastfed infants introduced to solid
foods at 4 to 5 months or old&rin multiple regression analysis, later introduction of solid
foodswas associated with higher weight gain and BMI until 12 months of age, while longer
duration of breastfeeding was negatively correlated with gains in weight and in length and
change in BMI between 1 and 24 months of agke effects of different infant feding
patterns on growth were no longer detectable after 24 months of @gdgschke & van't Hof,
2000.

Another systematic reviewy Pearce et dhvestigated he relationship between the timing
of introduction of complementary feeding and overweight or obesity in childh@arce et

al, 2013. Twenty three studies weridentified 14 cohort studiesd crosssectional studies
and 1 casecontrol study Twenty one of these studies considered the association with
childhood BMI, of whicht reported that a higher BMI in childhood was associated with
introducing solid foods <o Y2 y (i K& 2 N$ewn of tfie sfudli€&sacdnsidered the
association with body composition but onlyreported an increase in percentage body fat
among? year old children givesolidfoods before 15 weeks of agBearce et al, 2093

Experimental evidence

One Americartrial by Mehta et al (1998) included in the systematic review by Moorcroft et
al (2011), randomised65 healthy term infants aged less th&@months to receive solid

® At the time of publication, the World Health Organization recommended that infants should be exclusively
breastfed from birth to 4 to 6 months of age.
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foods from3 to 4 months or6 months(see paragrapd.23for study detail) All infants were
formula fed at recruitment but were not excluded if they had been breastfed previously.
Anthropometric measuremnts were made throughout the first year of life and no
differences between the groups were found in weight, length or fat mass (measured by
DEXA) when the infants were 12 months dltie authors concluded that early introduction

of solid foods did not adfr growth or body composition during the first year of Ijiéehta et

al, 1998.

5.9 Of the 3 trials that investigated early introduction afolid foods to breastfed infantsalso
considered in chapte# of this report in relation to energyCohen et al, 1994Dewey et al,
1999 Wells et al, 201 only Dewey et aprovided growth data beyon® months of age.
They reported that weighfor-age and lengtHor-age (calculated usingNational Center for
Health Statistics, 197 dvere similar atl2 months of age in the groups that received solid
foodsfrom 4 or from 6 months of aggDewey et al, 1999

Observationalevidence

5.10 Since the2 systematic reviews byoorcroft et al (2011)and Pearce et al (2013)ere
completed, further prospective cohort stigb fromHIChave reported on age at solid food
introduction and subsequent risk of overweight or obesity.

5.11 Abraham et ateported the complementary feeding practices gfi@2 infants aged ® 12
months in the Growing Up in Scotland longitudinal birth @thstudy (20052008).
Introduction ofsolidfoods at 4to 5 months of age, compared witht® 3 months of age was
associated with a lower risk of overweight or obesity in therth year of life (OR 0.785%
Cl 0.570 0.97) after adjusting for birthwelg, educational attainment of respondents and
quintile of Scottish Index of Multiple Deprivation sc@fdraham et al, 2012

5.12 The Global Exploration of Human Milku@ is a prospective cohort of predominantly
breastfeeding motheinfant pairs recruited shortly after birth in 2007 and 2008 fr@n
urban sites: Cincinnat{USA, Mexico CityfMexico andShangha{Ching. Age at solid food
introduction was not signifemtly associated with weight and length measurementslat
year of age (n=285), although full results were not repoiitbo et al, 2013

5.13 Durmus et al2012)and van Rossem et a2013)have reported data from a longitudinal
cohort of children born in RotterdanThe age at which solid foods were introduced was not
correlated with skinfold thickness &tor 12 months of aggDurmus et al, 2012 nor was it
associated with weightor-heightz-scoresafter 1 year of aggvan Rossem et al, 20L3he
two studies difered, however, in the categorisation of age at solid food introduction:
Durmus et al grouped infants into those introduced solid foodsbefore 4 months,
between 4 and 5 months, or after5 months of age, whereas van Rossem et al described
Wery earlf)(before 3 months), HarlyQ(between 3 and 6 monthsg and HmelyQ(after 6
months) introduction. Van Rossem et aleported that infants in the\@arlyQintroduction
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group had a higher weight gain before solid foods were introduced (z=058%6 Cl 0.340
0.95)than did infants introduced t®olid foodsafter 6 months ¢=0.04;, 95% C}0.05to -
0.03).

5.14 In the CambridgeBaby Growth Studgohort, age at commencement of complementary
feeding between3 and 7 months was inversely associated with weight and lengtiat
months 0<0.01) after adjustment for maternal and demographic factail et al, 201p
Associations were, however, attenuated after adjustment for weightlandth at3 months
of age that is, before introduction of solid food)Moreover, rapid weight gain before3
months of age predicted earlier introduction eblid foods(p=0.01) These findings were
interpreted as indicating reverse causalitfhat is, more rapidly growing infants were
hungrier and signalled a need for earlier introductionsolid foods Wright et al, in the
Gateshead Millennium Baby Study, also identified rapid weight gain before the afe of
weeks as a strong independent predictor of lgasolid food introduction, together with
lower sociceconomic statusnot breastfeeding, and parental perception that their infant
was hungry(Wright et al, 200

5.15 Grote et al pooled and analysed data from 671 healthy, formfedachildrenparticipating in
a randomised controlled trial conducted in Belgium, Germany, Poland, Italy and Spain
(Grote et al, 2011 Infants were recruited shortly afterith and followed until they were 24
months old.At 3, 6 and9 months of age, parents were asked about the introduction of solid
foods and data were grouped & Y Ko (HB8avgelsK 34 months(14-17 weeks) 4-5
months (1821 weeks) Y R X p (R2weeks) Significant differences in the pattern of
growth were apparent between group€hildren introduced tesolid¥ 2 2 R4 Yo Y2y (i Ka
lighter at birth and gew faster betweer3 and 6 months of age; those introduced tolid
F22Ra xp Y2yildiKa 3IANBg 3 nmohiNSandafdlleved & loweryveightk S F A
percentile over the remainder of the study period than children introduceddbtd foods
earlier. Therewas no significant association between age of solid food introduction and
anthropometric measurements at 24 monthshreeday food diaries suggested thablid
foodswere providing additional energy rather than replacing formi@aote et al, 2011

5.16 Four of these prospective cohort studi@&'right et al, 2004Grote et al, 201;lvan Rossem
et al, 2013 Vail et al, 201psuggest that greater infant size or weight mairecedes the
earlier introduction of complementarjeeding That is, associations between early age at
introduction of solid foods and later overweight or adiposity are likely to reflect reverse
causation.

5.17 Some of the inconsistencies between observatiostadies may be due to differing effects
on breastfed versus formula fed infan{$iuh et al, 2011 The timing of solid food
introduction was not associated with Il SNJ 26 SaAdée Nxail 6. alL xdpi
gender) at3 years of age among breastfed children participating in the Project Viva cohort
study but an association was apparent amongst the children who were formul&dechula
fed infants introducedo solid foods beforel months of age were significantly more likely
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to be obese aB years than those who started between the agegt@nd 5 months orat 6
months or later (OR 6.35% CI 2.8 16.9).This remained true even when the results were
adjused for rapid early growthBreastfeeding mothers introducesblid foodslater: 8% of
breastfed infants but 33% of formula fed infants rees solid foodsbefore 4 months.
Seventeen pecent of breastfed infants startesolid foodsafter 6 months of age campared

with 9% of formula fed infants (p<0.0001). Several other cohort studies have also reported
that breastfed infants are introduced to solid foods later than formigld infants(Baker et

al, 2004 Scott et al, 200p

Birth andbaseline data from 612 healthgrm infants enrolled in the NOURISH trial did not
indicaterelationships between early introduction gblid foodsand weight gain during the
study period(Mihrshahi et al, 201)1L About onethird (32.5%) of infants had already started

on solid foodsby the timeof the baseline assessment at mean age 4.3 months (SD 1.0) and
of these infants, 24% had been introducedstdid foodsbefore 4 months.Although the age

at solid food introduction was not related to weight gain, infants in the study who were
formula fedwere more likely to have been introduced $olid foodsearly (OR 2.5405% CI
1.26t0 5.13;p=0.009) and formula feeding was associated with rapid weight gain during the
study period (OR 1.735% CI 1.010 2.94, p=0.047). Feeding on schedule, rathernhan
demand, was also associated with rapid weight gain (OR 2528 Cl 1.1t 4.61; p=0.020.

TheWong Kong Children of 19e3irth cohort (Lin et al, 201Breported no clear association
between the age of introduction of solid foods and BMicere, overweight or obesity in
infancy (birth to2 years of age), childhoo@ (o 8 years of age) or puberty (8 to 14 years of
age) (n=7809 at followup). Data on the ag of introduction of solid foods were, however,
collected retrospectively via postal survey in 2008, and exposure data were missing for
about half of the children whasBMI zscores were availabl@his suggests a high likelihood

of selection and recall &s.

Quantity and aquality of the infant diet

Systematic revievevidence

A systematic review conducted by Pearce and LaHdgl@ns examined the relationships
between later overweight or adiposity and macronutrient intake, food type/group, or
concordance wh dietary guidelines in the first year of lif€he review cited prospective
and 2 retrospective studies conducted between 1959 a2@ (Pearce & Langlelfvans,
2013.

Four studies examined the association between high protein intake during the
complementary feeding period and BMI or percentage body fat later in childnstudlies

by Hoppe et al in Danish infanfsloppe et al, 200dand Gunther et al in German infants
(Gunther et al, 2007afound no significant association with high protein intakeGato 12
months of age and BMI dyody composition in childhoodaunther et al also investigated
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the impact of different types of protein (total, anal, dairy, meat or cereal) and found that
infants with the highest animal protein intake (as percentaf¢otal energy intake) at the
age of12 months had a higher percentage body fat, while those in the highest tertiles of
total, animal and dairy protfe intake had a higher BMI standard deviation score at the age
of 7 years (Gunther etal, 2007h. Protein intake at6 months was not predictiveA
longitudinal observational study of infant feeding and growth involving 90 Icelandic children
(Gunnarsdottir & Thorsdottir, 20Q3ound that boys in the highest quartile of protein intake

at 9to 12months of age had a significantly higher BM6aears of age compared with boys

in the lowest and the second lowest quartiles of protein intakésere was no similar
association observed in girls.

5.22 A further UK study identified by the revie@ng et al, 2006found that each 42kJ/day
incremernt in the energy intake of mixefiéd or formula fed (but not breastfed) infants aged
4 months was associated with a 25% increase in the risk of overinaityears of age.

5.23 Pearceand LangleyEvans alsidentified onepaperF N2 Y GKS fF NBS {2dziKI Y

Survey(UK) birth cohort that described associations betweattherence todietary patterns

during the complementary feeding periahd later body cmposition outcomegRobinson

et al, 2009. This study found that dietary patterns reflecting adherence to infant feeding
guidelines were positively associatadth lean mass (butvere not associated with either

fat mass orBMI) at 4 years of age suggesting that children followinmfant feeding

guidelines are more likely to continue to eat a diet that follows dietary ginds in

childhood, allowing greatergrowth in lean mas@Pearce & Langlelvans, 2013

Randomised controlled triagvidence

5.24 In the European Childhoo®besity Project, Koletzko et aonducted a mlii-centre
European RCT that assigned infants to receive infant and falloormula of differing
protein concentrations for the first year of liig&oletzko etal, 2009. At the age o2 years
children in the lowprotein group had lower weigHr-length and BMI scores than those
in the higher protein group (0.235% CI 0.08% 0.36 and 0.2095% CI 0.06o0 0.34,
respectively). Furthermore, the lowprotein group did not differ significantly in these
outcomes fom a breastfed reference groufhe authors concluded that the difference in
weightfor-length and BMI was likely to be due to a difference in adiposity because length at
24 months did notiffer between the2 groups.In a followup analysis of this trial, Weber et
al reported higher BMI and risk of obesity@years of agén the highprotein group versus
the low-protein and observational breastfed gro@y¥veber et al, 201}

5.25 Two further RCTs in healthy term infarfisostroza et al, 201,&Ziegler et al, 2005 eported
that infant formulae with lower total protein content (1.619/100kcal and 1.65g/10Qkcal
respectively), given from age 3 months onwards, promoted less rapid infant weight gain
compared to formulaavith higher total protein content (2.15g/100kcal and 2.70g/100kcal,
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respectively).The weight gairof infants in the lower protein groups was neosimilar to
that in the breasted reference groups.

Cardiometabolic outcomes

Observationalevidence

Very fev studies have investigated whether age at introduction of solid foods influences the
risk ofeither cardiovascular disease or type 2 diabetes, or has an effect on measures of risk
such as hypertension, blood cholesterol concentrations and insulin resestan

Wilson et afollowed up 301 children from a Dundee cohort and fouaftter adjustmentor
sex,BMI and maternal blood pressurehat being exclusively or partially breastfed as an
infant was associated with a lower systolic blood gree at the age fo7 years(Wilson et al,
1998. No significant association between blood pressure and the age of introduction of
solid foodswas reported.

An analysis of pooledlata from birth cohort studies conducted in Brazil, India, the
Philippines and South Africa (n690) found that the age at solid food introduction (treated

as a continuous variable in linear regression models) was unrelated to blood pressure and
fasting pasma glucose concentrations in young ad(fall et al, 20111

Similarly, in a birth cohort of children in Mysore, India (90% of whom were breastfesl for
months or more) there was no association between the age at startidgulaQ
complementaryfeedingand blood glucose concentrations or insulin resistance, eithdr at
or 9.5 years of age (n=518Yeena et al, 2011 A longer duration of breastfeeding was,
however, associated with better glucosaldérance at 9.5 years but not &tyears of age.

Studies of dietary patterns during the early years have also investigated the relationship
with cardiometabolic outcomesUsing data from the UK ALSPAGdg, Brazionis et al
observed that diet during therkt 2 years of lifewasassociated with blood pressure at 7.5
years of age; a higher score fordass health@transition diet, identified using principal
components analysis, was associated with an increase in systolicdiastblic blood
pressure (0.6&hmHg 95% CI1 0.06@o 1.24mmHg and 0.55nmHg 95% CI 0.1 1.00mmHg
respectively for each one standard deviation increase in diet scdBzazionis et al, 2033

The positive association remained for diastolic (but not systolic) blood pressure after
adjustment for child height, BMI and waist circumference.

Golleyet al analysed data from the same cohort and calculated a Complementary Feeding
Utility Index scoe to measure adherence to complementary feeding guidelines when infants
were 6 months of aggGolley et al, 2013 This incorporated breastfeeding duratioageat

solid food introduction feeding to appetite fruit and vegetablesminimising exposure to
readymade infant foods and food high in fat, salt or sugar, in addition to other components.
After adjustment for factors such as birthweight and maternal edioca smoking and
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weight status, the index score showed a weak inverse association with diastolic blood
pressure at7 years of agei( F0.24 95% C}0.47 to -0.01 p=0.043). No association was
observed with blood lipid measurements or BMI.

The relationship between infant feeding patterns and cardiovascular development and
metabolic outcomes in childhood has been investigated as patthe@iGeneration R Study
(Jaddoe et al, 20)2 a large populatiorbased prospective cohort study from the
Netherlands designed to identify early environmental agehetic causes of normal and
abnormal growth, development and health, fromtdé life until young adulthoodData on
breastfeeding initiation and continuation were collected by questionnaire at the infant ages
of 2, 6 and 12 months of age Trese providedinformation on breastfeeding status (never
versus ever breastfedpreastfeeding duration (<2, & <4, 4to <6, and>6 months) and
duration of exclusivebreastfeeding (never breastfed, partially breastfed for at ledst
months, and exclusively breastfedrfat least4 months). Timing of introduction of solid
foods was determined by the age at which a fruit or vegetable snack was given for the first
time (categorised as <4 months;54months).At a mean age 06 years, ardiovascular
measurements were condted including systolic and diastolic blood pressure, caretid
femoral pulse wave velocity (PWV; an index of aortic stiffness), and a number of measures
of cardiovascular structures (left atrial diametftAD], aortic root diameter [AOD], left
ventricular LV] mass, fractional shortening [F&fe Jonge et al, 20)3 Fasting blood
samples were collected to measure the following metabolic outcomes: -degisity
lipoprotein (HDL) and lowlensity lipoprotein (LDL) cholesterol, triglycerides, insulin and C
peptide concentrations. Total body and regional fat mass were also meag@disiti et al,
2014).

Based on analyses of 5003 children, de Jonge et al fthatdhe introduction of solid foods

at 4 to 5 months was associated with significantly higher systolic and diastolic blood
pressure <0.01) compared with introductio after 5 months of age, and was associated
with smaller LAD but not with other structural measur@e Jonge et al, 20)3Age at
introduction ofsolid foodswas also not associated with carofiemoral PWV.

Cardiovascular development differed between children who were ever breastfed and those
who were never breastfed, with the latter having a higher carégichoral PWV, a smaller
LAD, and less LV mas$akars of ageHowever, a dose response association with differing
duration and exclusivity of breastfeeding was not obser{galJonge et al, 20).3

The authes concluded that feeding patterns in infancy may affect cardiovascular
development in childhood, however, further research is required to investigate whether
these findings are replicated and to help elucidate the potential underlying mechanisms
linking arly nutrition with cardiovascular adaptatioiide Jonge et al, 20).3

In another study embedded in the Generation R Study8@17), Gishti et al examinedhe
associations between infant feeding patterns and metabolic outcomes at the median age of
6 years, and found that duration and exclusivity of breastfeeding were not consistently
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associated with metabolic outcomes, while the introduction of solid foodsreet months

of age was positively associated with higher blood levels of total cholesterol but not with
HDL and LDL cholesterol, triglycerides and insulin I¢@&dsti et al, 2014 Shorter duration

of breastfeeding (<2 months) and nexclusive breastfeeding were associated with higher
risks of childhood clustering of cardmetabolic risk factors, however, after adjusting for
confounding factors, none of thassociations remained significarfthe authors therefore
concluded that there was a lack of consistent associations between infant feeding patterns
and metabolic outcomes and that further research was required to investigate this
relationship.

Two furtherstudies have investigated the association between body compositiGyatrs

of age and early dietary pattern®£2,026) (Voortman et al, 2016aand protein intakes
(n=2911) (Voortman et al, 2016pin children from the Generation R Study. Dietary intake
was assessed at a median age of 12.9 months (OBP2.2to 19.2 monthg) using a semi
guantitative food frequency questionnaire comprising 221 foods commonly consumed by
Dutch children between 9 and 18 months of age 6Atears of age, body compositiofa(
mass FM] and fat-free mass FFM; assessed by DB) andBMI were measured. Dietary
patterns were assessed usir®approaches:a-priori-defined diet quality score, dietary
patterns based on variation in food intake (using principal components analysis), and dietary
patterns based on variation in FM andrM indices. Assessment of protein intake was
divided into animal or plant protein.

Dietary patterns characterised by high intakes of fruit, vegetables, grains and vegetable oils
were associated with higher FFM @tyears of age (0.19 SD; 93%60.08to 0.30 per SD
increase in diet score). No differences were seen inlaNhe reduceerank-regression, FFM
index was positively associated with a pattern characterised by intakes of whole grains,
pasta and riceand vegetable oils. The authors concluded thagalthier dietary patterns in
early childhood are associated with higher FFM but not with FM later in childhood
(Voortman et al, 2016p With regards to protein intakes, a 10g per day higher total protein
intake atl year was asociated with a 0.05 SD (95%030to 0.09) higher BMI and a 0.06

SD (95% CI 0.@4 0.11) higher FM index &years, but not with FFM. Assiations between
protein intakes and FM index were statistically significant for animal protein but not
vegetable protein intakévVoortman et al, 2016p

Conclusions

There is a body of observatial evidence indicating thapid weight gainn infancymay
predict laterobesitybut also predictdall stature.

There is evidence frombservationalstudies regardingn association between the age at
which solid foods are introduced and later adiptgior obesity. Many studies do not
separate breastfed and nebpreastfed infants who may differ in their ability to regulate
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intake, nor characterise exclusivity of breastfeeding and its durafitis makes it difficult
to separate the direct effects of Bd food intake from any indirect effect through
curtailment of breastfeeding.

Most prospective studies that have examined infameight or weight gain before
commencement of complementary feeding have idendfiepid early weight gairas a
predictorrather than a consequence of the early introductionsotid foods This indicatea
likelihood of reverse causality in any relationship between early complementary feeding and
subsequent overweight.

Three RCTs examined the effect of introducing complemerfegingat 3 to 4 months
versus at6 months. These suggest that introduction of foods other than breast milk or
infant formula before6 months of age displaces rather than increases energy intiske.
effects on growth or body composition have been obsédrirethe first12 months.

Evidence from RCTs comparing higher versus lower infant formula protein contents
supports observational evidence linking higher intakes of animal protein in infancy to rapid
weight gain and later risk of obesity.

There are too fer data to draw conclusions about relationships between age at introduction
of complementaryfeedingand cardiemetabolic outcones in childhood or adult liféhile

two studies from the same UK cohoréported an associatiometween deviation from
complemenary feeding guidance andliastolic blood pressuteno effect of age at
introduction of solid foodswas apparent in another UK cohort or in several others from
LMIC
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6 Micronutrients

6.1 Adequate intakes of micronutrients are vitial supporting the growth andievelopment of
infants and alsohave animpact on health outcomesthroughout life. Deficiencies in
micronutrients such as iron, iodine, zinc and vitamimay particularlyaffect infants and
young children; iis estimated that at least 50%f children waldwide aged 6 months to 5
years suffer from one or more micronutrient deficier(®icronutrient Initiative, 2009,

6.2 While a wide range of micronutrients could have been considet@d chapter focussgon
iron, vitamin D and vitamin .Ar'heseare the keymicronutrientsfor whichthere is suficient
evidence to indicate potentiatoncerns regardingeficiency or excess ihealthyinfancyin
the UK The available evidence for other micronutrients is either limiteédsecure or
primarily from settings whiclre not directly relevant to the UK.

6.3 Extensive reports o L N Yealthqy2810) kand¥Witamin D anchealth{2016) have been
published by SACN and provide more detailed information on biochemistry, biomarkers of
exposure and toxicitySACN, 203BACN, 20)6Vitamin A toxicitys considered irfChapter
10.

6.4 Internationally, zinc has also been m#ied as a micronutrient of potential concern.
However, literature searchesundertaken for this reportrevealed no new evidence to
suggest a cause for concern from zinc deficiency in the UK setting.

6.5 Assessment of the role of dietary intake for any imdisal micronutrient must recognise the
interaction with other micronutrients in the gut and for cellular function (for example, iron
in relation to zinc and copper). Furthermore, micronutrient status in infancy may not be
determined simply by current dietg intake but is also influenced by the extent to which
critical reserves have been acquired in utero in relation to maternal micronutrient status
and duration of pregnancyietary intake is inherently variable and an assessment of usual
intake is less smire for relatively short periods of assessment, especially for micronutrients
which are only consumed intermittently, are naturally accumulated over prolonged periods,
or where absorption fronthe gut may be compromised as in poor states of nutrition.

Iron

6.6 Adequate iron status is of particular importance during development of the brain and
nervous systenfKramer & Kakuma, 200PAHO, 2003Georgieff, 201X Iron deficiency(ID)
in infancy and early childhood, with or without anaemia, may have-teng consequences
for cognitive, motor and behavioural develmgnt (Lozoff & Georgieff, 2006

6.7 Iron deficiency anaemia (IDA) affects approximately 20% of pregnant women and 25% of
preschod-age children worldwidgKramer & Kakuma, 200PAHO, 2003McLean et al,
2009. In Europe, the prevalence of iron deficiency in presctam@ children ranges fron?s
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to 48%(Eussen et al, 20)bhowever, rates of up to 80% iron deficiency have been observed
in LMIC(Kramer & Kakuma, 200PAHO, 2003Pasricha et al2010. For the UK, DNSIYC
reported that the proportion of children with haemoglobin concentrations and serum
ferritin concentrations below which iron deficiency anaemia is indicated was 3% for those
aged 5 to 11 monthand 2% at 12 to 18 month&ennox et al, 20)3Further findings are
provided in Chaptell.

DRVs for iron were set by COMA in 19BH, 199] (Table6.1) and eviewed by SACN in
2010(SACN, 2000An update of the evidence for the first year of life following term birth is
provided in this section.

Table6.1 DRVs foiiron in the first year of lifé

Age

Lower reference
nutrient intake (LRNI

Estimated average
requirement (EAR)

Reference nutrient
intake (RNI)

0 ¢ 3 months
4 ¢ 6 months
7 ¢ 9 months
10¢ 12 months

0.9 (15)
2.3 (40)
4.2 (75)
4.2 (75)

1.3 (20)
3.3 (60)
6.0 (110)
6.0 (110)

1.7 (30)
4.3 (80)
7.8 (140)
7.8 (140)

6.9

6.10

®Intakes depicted in the table are in mg/d (umol/d)

Other national bodies, includinffom the US(IOM, 200), Australia and New Zealand
governmentg/Australian Government Department of Health and Ageing et al, R00& dic
Cooperation (Nordic @uncil of Ministers, 2014and EFSAAgostoni et al, 20I3have also
issued dietary recommendations for iroklost countries recommend intakes equivalent to
the iron content of breast milk afound 0.2-0.3mg/L) (Domellof et al, 2004
Recommendations for infants fror® to 12 months are in the order oround 8 mg/day,
although higher intakes at lfng/day are recommended in the USA, Australia and New
Zealand.

Assessment of iron status in infants and young children

Serum ferritin and haemoglobin concentrations are the most commonly cited markers of
iron status but the thresholds chosen to indicatefidiency have been much debateBaple

6.2). Serum ferritin concentration reflects systemic ferritin depotow serum ferritin
concentrations represent low depots but may not represent a functional deficiency of iron.
Ferritin kehaves as an acute phase reactant and concentrations are raised in response to
acute and chronic inflammation including mild infectiqriulthen et al, 1998 Thus, acte

phase markers (for example, high sensitiiiyreactive proteir) are usually measured
alongside serum ferritin to indicate the presence of infection and allow exclusion.

6.11 Additional biomarkers of iron status including transferrin saturation, solublesfeann

receptor, reticulocyte haemoglobin and hepcidin concentrations are becoming more widely
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available but require further evaluation in infantsor more detailssee (SACN, 200D as
well asthe extensive reviewgDomellof et al, 2014(Hernell et al, 201p

Table6.2 Comparison of international definitions of iron deficiency and iron deficiency
anaema in infants and young children

Indicator Referenced by (Country)

Iron Deficiency

SF <10 pg/L NHANES (USA), NDNS (@K)u et al (2012)Australa)

SF <12 pg/L WHO/CDCI (2004$ACN (201QUK)

SF <15 ug/L Hayet al (2004)Norway),Capozzi et al (201Qltaly)

SF <12 pglL + MCV <74 f ?I/I(i:(:j:clgen et al (199%Penmark)iunnarsson et al (2004)
Iron Deficiency Anaemia

Hb <110 g/L + SF <10 pg/L NHANES (USA), NDNS (UK)

Hb <110 g/L + SF <12 pg/L (WHOI/CDCI, 2004SACN (201QUK)
Hb <110 g/L + SF <15 ug/L Hay et al (2004)Norway)

Hb <105 g/L + SF <10 ug/L Zhou et al (2012)Australia)

Hb <105 g/L + SF <12 ug/L + Michaelsen et al (199%Penmark),Gunnarsson et al (2004
MCV <74 fl (Iceland)
Adapted from(McCarthy et al, 2017

SF: serum ferritin; MCV: mean corpuscular volume; Hb: haemoglobin; NHANES: Nationaridddlitrition Examination
Survey; NDNS: National Diet addtrition Survey; SACN: Scientific Advisory Committee on Nutrition.

In 2014, he European Society for Paediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) Committee on Nutrition recomneghégespecific cuoffs for defining IDA
from birth to 5 years(Domellof et al, 2014 During infancy, these values are Hb 135 g/L + SF
40 pg/L during the first week of life, decreasing to Hb 90 g/L + SF 40 p@/inamths, Hb

105 g/L + SF 20 pg/L at 4 months and Hb 105 g/L +-8F @@L from6 to 12 months.

Iron status at birth

Fetal iron stores increase throughout gestation. At 20 and 40 weeks gestation, the fetus
contains about 58 and 94ug of iron respectivplyr gram of lean tissu¢Dallman et al,
1988. During the last trimester, the fetus accumulates about 2aigron daily and the
mature term neonate contains 130 250mg of iron, of which almost 80% is in haemoglobin
(1g of haemoglobin contains 3.47mg ironMuch of the remainder is in the
reticuloendothelial and hepatic tissue iron depots.
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Some studies haveeported no significant associations between maternal and cord
haemoglobin or ferritin concentrationfilbride et al, 1999Hay et al, 200){ but others

have observed that severe maternal iron deficiency, with and without anaemia, adversely
affects fetal iron statusinfants of mothers with moderate (haemoglobin <85 g/L) or severe
(haemoglobin <60 g/L) anaemiaadh significantly lower serum ferritin concentrations at
birth (Singla et al, 1996Infants born to mothers with depled iron stores (serum ferritin <

12 pg/L) had lower cord ferritin than infants born to mothers with normal std&seet et

al, 2001 JaimePerez et al, 2005hao et al, 2012

Additional factors including maternal obesity, smoking and pregnancy complications
including gestational hypertension and growthstection, are also associated wiimpaired
intrauterine iron accretion, leading to low iron stores at birfHay et al, 2007Rao &
Georgieff, 200Y.

A wide range of cord blood ferritin concentrations has been observed in newborn infants
making it difficult to establish a reference randamut depleted ironstores (¥6 pg/L) or
severe iron deficiency 8% pg/L) havebeen associated with low mental and psychomotor
developmental scores up toyears of agéTamura et al, 2005iddappa et al, 2004

As cord blood ferritin levels track through early infancy, those with the lowest iron stores at
birth continue to have significantly lower ferritin concentrations up 2oyears of age
(Georgieff et al, 2002Hay et al, 200) Studies in Spain and Jordan observed that infants
born to mothers who were anaemauring their pregnancy wermore likely to develop iron
deficiency and IDA in the first year of life, despite no apparent effect of maternal status on
infant status at birth(Colomer et al199Q Kilbride et al, 1999

These findings emphasize the important effect of maternal nutrition and health during
pregnancy on iron stores both at birth and later in infancy.

Iron status during thdirst 6 months

Early clamping of the umbilical cord at delivery deprives the infant of, iaol SACN has
recommended that clamping of the cord should be delayed until it has stopped pulsating
(SACN, 20)0Waiting until the umbilical cordtops pulsating is associated with, on average,

a 32% greater neonatal blood volun(Eelle et al, 199band a correspondingly increased
transfer of iron (3660 mg) to the neonatéPisacane, 1996McDonald et a(McDonald et al,
2013, in an update of an earlier Cochrane revigMcDonald & Middleton, 2003
concluded that delayed cord clamping resulted in improved iron stores in early infancy
without anincrease in the risk of neondtenortality or other neonatal morbidity outcomes.

It should be noted that the timing of cord clamping is a confounder for all studies examining
associations between infant iron status and maternal characteristtSPGHAN has
recommended that delayed cormampingshouldbe considered for all newborrn®omellof

et al, 2014 and the NICE guideline on intrapartum care for healthy women and babies
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(CG190) also reammends no clamping of the cord until pulsating has stopgstCE,
20143.

6.20 An RCT in SwedgAndersson et al, 2l) comparing the effects of delayed &minutes
after delivery) and early (0 seconds after delivery) umbilical cord clamping observed a
lower prevalence of iron deficiend.6%versus5.7% p=0.01) and higher serum ferritin
(117 versus81 >g/L; p<0.001) a4 months of age in the delayed clamping group. It is worth
noting that the delayed clamping group had better neurodevelopmental outcome$ at
yearsof age(Andersson et al, 2035

621 ¢ KS LINBGIfSyO0OS 2F ANRY RSTAOASYOe& oO0FSNNAIiIA
haemoglobin <105g/L) during the fir& months of life in fully breastfed infantsvas
identified in6 RCTs in Honduras, Ghana, Mexaca Sweden (n=404, birthweight >2500q9)
(Yang et al, 2009At 6 months (excluding participants with elevaté€dreactive protein, a
prevalence of 7.9% IDA and 1% 7iron deficiency was reportedhis varied greatly by
country. IDA was detected in 2% in Swedé&f in Mexico, %0 11% in Honduras andt®
16% in Ghandron deficiency was present in 68b participantsin Sweden, 17% in Mexico,
13to 25% in Honduras,na 12to 37% in Ghanal'he combination of birthweight 2562999
gor male sex had a sensitivity of 97% for identifying IDA and 91% for iron deficiency.

6.22 Assuming an adequate fetal iron supply and delayed cord clamping, healthy term iafants
normal birthwaght should have sufficient endogenous iron (in the form of haemoglobin
iron, storage iron and functional tissue iron) to meet their requirements for around the first
6 months of life(Griffin & Abrams, 20Q1Aggett et al, 200R The recent position paper from
ESPGHAKDomellof et al, 2014 describes the initial transfer of iron fromabmoglobin to
iron stores during early life, making it available for redistribution back to the blood
compartment as the infant grows and their blood volume expands. This process makes the
infant seltsufficient with regard to iron until her she has doubled their birtieight, which
occurs at aroun® months ofage(EFSA, 201%a

6.23 This implies that healthyerm infants of normal birthweighthave little or no need for
exogenous irorfor around the first6 months of life(SACN, 201@omellof et al, 2014EFSA,
20159. The iron content of breast milk (3@24mg/L) is not affected by maternal iron
deficiency or maternal iron supplementatiqdavaleta et al, 1995 Stable isotope studies
have reported fractional iron absorption (incorporation of iron into erythrocytes) from
breast milk of 1220 21% at6 months of age(Davidsson et al, 1994brams et al, 1997
Domellof et al, 2002 Thus an ifant receiving 800ml/day obreast milk absorbs about
0.05mg/day of iron (assuming an iron content 6f3mg/L breast milk and absorption
efficiency of 20%).

624 ¢KS NB3IdzZE FGA2y 2F ANRBY [0a2NLWiA2y A& aiNROi
status. h iron repletion, liver production of hepcidin blocks ferroportin and iron absorption
in the gut, whereas in iron deficiency, hepcidin production is suppressed and intestinal
absorption of iron increases. As they grow, infant iron requirements increaseirand
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absorption is upregulated. From arouridmonths of age, it is recommended that infants
receive iron from a variety of dietary sources.

All infant formula in the European Uniasfortified with iron. In its Scientifiopinion on the
essential compostion of infant and followon formula (EFSA, 2034 the EFSAanel on
Dietetic Products Nutrition and Allergies has proposed a minimum contenirifant formula

of 0.3mg/100kcalThis is because the bioavailability of irearh formula is much lower than
from human milk but does not take into consideration the point that infants born with
adequate iron stores do not have a requirement for dietary iron in the @rstonths of life.

In the absence of adequately powered RCWostification of formula with iron remains
controversialDomellof et al, 2014

An RCT among 119 healthy term infants in Iceland compaechtioduction of slid foods

at 4 months with6 months exclusive breastfeeding to examine the effect on iron status and
growth rate (Jonsdottir et al, 2012 Out of 100 infarg who completed the trial, those in the
complementary feeding group had highmean serum ferritin levels & months compared
with those exclusively breastfed f@& months (p=0.02) However, there was ndifference
between groups in the prevalence of irakeficiency anaemia, iron deficiency, or iron
depletion and growth rate was the same in bajtoupsat 4 and 6 monthsf age

Similarly in one trial conducted in HondurgBewey et al, 1998 the exclusively breastfed
group showed lower mean haerglobin concetration (mean difference5g/L; 95%CI-8.5
to -1.59/L) and lower serum ferritinancentration (mean differencel8.9mcg/L; 95%CI -
37.3to -0.5mcg/L)at 6 monthsthan the group who were mixed fed aftdrmonths (Kramer
& Kakuma, 201R

Iron status in infancy from 6 to 12 months

After 6 months of age, iron stores diminish and, even with-regulation of intestinal
absorption, the amount of iron vided from breast milk is no longer sufficient to meet the
increasing demands for growth and blood volume expansion. Therefore, dietary
requirements for iron increase and the introduction of iroantainingsolid foods from a
diverse diet is recommended.

Haem iron, which is the most bioavailable form of iron, is found almost entirely in food of
animal origin. Norhaem iron is found in animal and plant tissuashe reduced ferrous
form of iron E€) bound to insoluble proteins, phytates, oxalates, phiostes and
carbonates, and as ferritin. The sources of #m@@m iron include cereals, vegetables, nuts,
eggs, fish and meqSACN, 2010Iron is also added to infant formula and some foods as a
fortificant and is available in supplementabrin (Lennox et al, 2003 The complex
interactions ofthe prevailing diet as well as specific meal components that can influence
iron absorption aravell documented SACN, 201)0The evidence considered suggested that
the iron intake and status of vegetarians was not significantly differemdnvegetarians
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(SACN, 200)0however, these studies were conducted in adults and it is not known whether
the findings can be extrapolated to infants.

After 6 months of agejron requirements are driven by requirements for growth, which

largely determine absorption of both haem and nRbaem iron from the infant diet. To

prevent low iron intakes, and to promote adequate iron status at this vulnerable life stage,
dietary diversity is important for infants from aroumdnonths of age.

ThereAd &ddzoaldl yadAlf SOARSYOS G(GKIFG dzy Y2RAFASR O
drink in infants up tal2months of age/ 2 6a Q YA f { O 2ty Gldma/l & iroh 0 2 dzi
(DH, 1994, which is poost absorbed because it is complexed with ligands, principally
phosphate.L Y 1 N2E RdzOG A2y 2F O2@niofths Yids fal§o béed asdogiatetl v (i &
with small losses of blood from the intestinal trggiegler et al, 1990

hoaSNBIF A2yl adGddRASa KIF@S Oz2yaradacSyidte akKkz
milk consumption with ironstatus indicators throughout infancy and early childhood
(Freeman et al, 1998Viale et al, 2001 Gunnarsson et al, 2004 horisdottir et al, 2018

while others have shown negative effects on iron stqighaelsen et al, 1998ramhagen

& Axelsson, 1999 horsdottir et al, 2008

In a largeEuropean study of2Y2 y 1K 2t R Ay Flydasz (GKS RdzNI GA2
was the most consistent negative determinant of all iron status indicators; for every month

2T 025aQ YAt O2yadzyLli Ak yiaemoglgbin cogcsritkatidn8as R S ONS |
observed(Male et al, 2001 { S@SNI f &0 dzRASE KI @S NBLER2NISR {fF
in the second6 months of life is associated with lower haemoglobiand ferritin
concentrationgZlotkin, 1993Michaelsen et al, 1995

z

In Iceland, dietary guidance tolrdf | OS 026aQ VYAt Ay (K& € dda
months) with formula resulted in increases in the iron statu®®d 12 month old infants
(Thorisdottir et al, 201l Subsequently it was shown that consumption of #ortified

products by9 to 12 month olds was associated with higher serum ferritin concentrations
(Thorisdottir et al, 2013Uijterschout et al, 2014

Lozoff and colleagues compared the long term developmental outcomes of children who
were randmised to receive iroffiortified or lowiron formula from 6 months until 12
months of agglLozoff et al, 201R Eight hundredand thirty-five healthyterm infants were
enrolled from community clinics in Santiago, Chile. All infants were weaned from the breast
by around 6 monthf age and the norm in Chile at thentie was mixed feeding with
powdered cowSmilk and breast milk during the firétmonths of life.

At follow-up 10 years later, developmental outcomes were assessed (IQ, spatial memory,
arithmetic achievement, visuathotor integration, visual perception, nar coordination,

and motor proficiency) id73 (57%)participants The study found that those infasin the
group receiving irofortified formula, scored lower on every outcome (significant for spatial
memory (effect size0.21;95%Cl1-0.38t0 -0.04; p=0.022), visuamotor integration (effect
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size-0.21;95%CI-0.40to -0.02; p=0.046)). Children with highnonth haemoglobin levels
(>128g/l) showed poorer outcomes on the developmental outcomes assessed if they
received ironfortified formula. Thosewith low haemoglobin levelseceiving irorfortified
formula (<105g/l) showed better results in the assessed outcome. The authors concluded
that long term development may be adversely affected in infants with high haemoglobin
who received irorfortified formula (Lozoff et al, 2012

Iron status and growth

Both body sie and growth in infancy and early childhood influence iron staBighweight

was positively associated with iron status up to one year of(Rgesson et al, 198B; Sherriff

et al, 1999, while weight gain in infancy was negatively associated with iron status at one
year(Morton et al, 1988Michaelsen et al, 1993 horsdottir et al, 2008

Data from medicinal iron supplementation trials have been cdiiflg; a positive effect of
iron supplementation on physical growth was obsenmedne study(Aukett et al, 198§H
but others have found nonfRosado, 1999Ramakrishnan et al, 20D9

Some studies have reported an adverse effect of medicinal iron supplements on growth in
iron-replete infants(ldjradinata et al, 1994Dewey et al, 2002Vajumdar et al, 2003Lind et
al, 2004.

Results from a doublblind RCT suggest a negative effect of medicinal iron supplements on
linear growth and head circumference during infarfbgwey et al, 200R Fullterm infants

in Sweden (n=101) and Honduras (n=131) were randomly assignédhanths of age to

one of three interventions groups: iron supplement (1mg/kg/day) frértro 9 months of

age placebofrom 4 to 6 monthsof ageand ironsupplement from6 to 9 monthsof age or
placebo from4 to 9 monthsof age All infants were exclusively or near exclusively breastfed
(P®5ml/day of foods/fluids other than breast milk and no irfortified foods) untilé months

of age. Among the Swedish infants, gains in length and head circumference were
significantly lower in those receiving iron supplements compared with those regeivin
placebobetween the ages of 4 to 9 months, particularly for thes to 9 month period. In
Honduras, a negative effect of iron supplements on linear growth was only observedifrom
to 6 months among those with initial haemoglobin concentration of 110g/almve.There
were no differences in head circumference among treatment groups.

An RCT in Indi@Majumdar et al, 200Bof infants aged to 24 months (n=150) reported that

weight gain and linear growth were significantly decreased in -iegtete infants
(haemoglobibfmmn Ik [ T &S NHzY F S Nawdeniedl Wilhvmedicthal irdh Yy T p 5
(2mg/kg/day).A significant improvement in weight gain and physical growth was seen with

iron supplementation (6mg/kg/day) of iron deficient children (haemoglobinfb0 g/L;
serumfeNAGAY fmMH>3Ik[ 0O O2YLI NBR 6AGK LI I OS620d
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6.42 Lind et alexamined the effect of medicinal iron supplementation (10mg/day) on the growth
of Indonesian irorreplete infants (haemoglobiml13g/L; serum ferritimp 0 > A K[ T YT mMp |
(Lind et al, 2008 Weight gain from agé to 12 months and mean weight at 12 months were
significantly lower (p<0.001) in ireneplete infants supplemented with iron compared with
non-supplemented irorreplete infants.There wasno difference in linear growth between
the two groups.Serum zinc levels were lower in the supplemented 4replete children
OpdT >VEBUBNKA Pp>Y2E K[ T LIrndnndd

6.43 In a controlled trialin Egypt(Abdelrazik et al, 20Q7 exclusively breastfed infants (n=248;
age4 to 6 months)were supplemented with medicinal iron (1mg/kg/day) or placebo for 12
months. Infants in the irortreatment group were stratified according to whether or not
they were malnourished (based on anthropometric parameters) and further stratified into
those with haemoglobin concentration above or below 100g/L; all infants in the placebo
group had haemoglobin values above 100gAfter 6 months of treatment, weight and
length gain was significantly higher (p<0.05) in the itr@ated group as a whole compared
with the placebo group. Within the iretreated group, the increments in weight and length
were significantly higher (p<0.05) in malnourished than nourished infadésght gain was
greater (p<0.01) in malnourished infants with haemoglobin <100g/L comparedthate
with haemoglobin >@0g/L; this difference was not observed in weadurished infantsNo
effects were reported on head circumference.

6.44 A randomised trial in Brazjfla Silva et al, 20Q&xamined the effects of different doses of
medicinal iron (1mg/kg/day, 2mg/kg/day, or 25mg/week) on the growth of dreplete
infants (haemoglobinkl10g/L; age 50 6.9 months; n=114) supplemented for 16 weeks.
The study di not include a control groupAt the end of the intervention there were no
statistical differences between groups in weight and length gain.

6.45 Iron can exert a range of acute and chronic adverse effects by competing with other
transition metals of nutritiomal importance (for example, zinc, copper) in a number of
physiological processeft. is possible that medicinal iron supplementation of m@plete
children inhibits absorption of other essential nutrients required for growth, such as zinc.
Although therewere no differences in plasma zinc concentration between the-ireated
and placebereated groups in the study by Dewey al, plasma zinc concentration is not an
adequate indicator of marginal zinc deficier{Bewey et al, 2002

Iron status and development

6.46 Iron deficiency can be particularly detrimental if it occurs during critical periods of brain
development, most notably the fetal or early neonatal andelatfancy/early childhood
periods. Depending on the timing of deficiency, different neurodevelopmental outcomes
can be affected, relating to the regions of the brain developing at the time of the insult
(Hensch, 2004
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SACN considered the extensive body of research on the relationship between IDA and
O23ayAGADBST Y202NJ yR 0SKI@A2dzNT f REASH RISy
(SACN, 20101t concluded that iron deficient anaemic young dnéin usually have poorer
development than noranaemic childrenbut that measured and unmeasured confounding
environmental variables could explain these findings.

SACN also concluded that, whilst RCTs of iron supplementation suggest IDA is a cause of
poor motor development in children in the fir&years of life(Martins et al, 200}, the long

term implications of these findings in the UK are unknoRE@Ts examining the effect of ID

or IDA on cognitive or languagevelopment in children aged3<years were considered too

few and folow-up too short to yield conclusions.

Interactions with other metals

Interactions between divalent minerals vary according to a wide range of factors (see

LI NI INJ LK Todmn 2BSHEKMK Q{ INBHLI2ZWIINE Vi niMyiR | YR A
determine the potential effects of increased iron intakes in early childhood on absorption

and systemic use of zinc and copper and on growthtagonistic interactions between

these minerals nevertheless have potential to negatively affect functional outcomésasuc

growth in infants(Sandstrom, 2001

In vitro studies and studies in animal models have shown adverse effects of high levels of
dietary iron on copper metabolisntindings from thesmall number of human studies
investigating the interactions between iron and copper also suggest that high iron intakes
negatively affect serum copper concentrations and copper metabolism (see paragraph 7.15
2T GKS {! hSoF fYWILKNR yYNBLP2RNIL S Hamao @

Domelbf et al measured the zinc and copper absorption of breastfed infants randomly
allocated toreceive placebo orrhg/kg Fe/d betweert and 9 months of ageNo significant
effect of iron on copper or zinc absorption was foundsair 9 months of aggDomellof et

al, 2009.

Vitamin D

Vitamin D plays an important role in the regulation of calcium and phosphorus metabolism
and is therefore important for bone ladth. It is synthesised in the skin upon exposure to
sunlight containing sufficient/VBradiation and this is the main source for most people. It
can also be obtained from foods or dietary supplements. Dietary sources are essential when
sunlight containingUVB radiation is limited (for example, during the winter months) or
exposure to it is restricted (for example, due to lack of time spent outdoors or little skin
exposure).
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6.53 Other than the prevention of nutritional ricketslata are not available to clearhglate
vitamin D statusin the infant to current or long term healthSafeintakes rather than
reference nutrient intakeg¢RNI$ are therefore recommended for infants and children aged
up to 4 years. Safe Intakes are based on a precautionary approach rfiéct the
insecurities of the datéSACN, 20106

6.54 TheUKhealth departmentsecommend that all infants from birth t& year of age who are
being exclusively or partially breastfed should be given a daily supplement containing 8.5 to
10pg of vitamin D (34@00 1U/d)(SACN, 2016 Infants who are fed infant formula should
not be given a vitamin D supplemeuanlessthey areconsumingess than 500ml (abouwine
pint) of infant formula a day, as infant formula is fortified with vitamin D. Previously there
was not a recommendation for breastfed infants, as it was assumed that nateitamin D
supplementation during pregnancy and then breast milk would provide the infant with
adequate vitamin D for the period of exclusive breastfeeding.

Dietary intakes of vitamin D

6.55 Data from the UK DNSIYC reported average daily vitamin D intakesfirsources for ages
4 to 6 months (10.0ug)7 to 9 months (8.9ug); and0to 11 months (7.7ug)Lennox et al,
2013. The major contributor to vitamin D intake from food for all age groups of children not
receiving any breast milk was infant formylzennox et al, 2013 Infant formula was the
largest contributor to vitamin D intake for those agédo 6 months; 7 to 9 months and10
to 11 months (85%, 80% and 72WXB a4 LISOG A @St &8v F2ff 2SR o0& (K.
AYFLEYG FT22RaQ ,despectivEly)bentiox et af, ROJAWikimin D intakes for
breastfed infants were not presented because the vitamin D content of breast milk is not
considered to be aignificant source of vitamin D or its metaboliesuld not be quantified
The reported vitamin D content of breast milk differs across studies because it varies with
the type of milk measured (foremilk or hindmilk) and the time of day it is colleG&dN,
2016).

Vitamin D status

6.56 Serum/gdasma concentration of 2Bydroxyvitamin D (25(OH)D), which is the major
circulating metabolite of vitamin D, reflects the availability of vitamin D in the body from
both dietary and endogenous sources. In the UK, a serasfph 25(0OH)D concentration
<25nmol/L is used to indicate risk of vitamin D deficierfioyH, 1998 Data from UK DNSIYC
showed that the mean serum 25(OH)D fofants ageds-11 months was 68.6nol/L, the
lower 2.5 percentile was 12.1nmol/L and thpper 2.5 percentile was 11Ménol/L. Six per
cent of infants hada serum 25(OH)D concentratio25hmol/L and these were all being
breastfed at the time of thesurvey(Lennox et al, 2013
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Vitamin A

Vitamin A is a fasoluble vitamin and is required fersion, embryogenesis, growth, immune
function, and for normal developmernd differentiation of tissue§SACN, 2005DRVs for
vitamin A were set by COMA in 19@H, 199] (Table6.3) and dietary advice on foods and
supplements containing retinol has subsequently been reviewed by SACN in its report
Review ofdietary advice ofvitamin AJSACN, 2005

SACN noted thain dietary surveys, the recording of food intake is restricted to a short
continuous time period and consequently, the habitual intake of racelysumed foods

may be overor underestimated at an individual level (although estimates of population
mean inkkke should be reliable). The retinol content of a few raxmnsumed foodsthat is,

liver and liver products, is particularly high. Consumption (or lack of consumption) of such
foods during the recording period will have a substantial impact on estimaftdgbitual
retinol intake; as a consequence, retinol intake may appear to be atypically high for some
individuals and atypically low for othefSACN, 2005

Table6.3 DRV<dor vitamin A in the first year of lifé

Age nger_ reference Estimated average Ref_erence nutrient
nutrient intake (LRNI) requirement (EAR) intake (RNI)

0 ¢ 3 months 150 250 350

4 ¢ 6 months 150 250 350

7 ¢ 9 months 150 250 350

10¢ 12 months 150 250 350

%Intakes depicted in the table ainug retinol equivalents/day

Dietary intakes of vitamin A

The UK DNSIYC reported vitamin A intakes (expressed as retinol equivalents [RE]) from all
sources(including supplementdpr 4 to 6 months,7 to 9 months, and10to 11 (Lennox et
al, 2013 (Table6.4).

Table6.4 Intake data for vitamin A, from all sourcgéncluding supplements)from the UK
DNSIYE

Averagedaily intakes Lo_vver 2.5 percentile Upper 2.5 percentile
Age intakesfrom all intakes from all
from all sources
sources sources
4 ¢ 6 months 952 427 2052
7 ¢ 9 months 991 370 2081
10¢ 11 months 946 278 2143

%Intakes depicted in the table are in g retinol equivalents/day
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These data show that for infants undegear, even those with the lowest intakes of vitamin
A are consming abovethe level of the EAR, suggesting that vitamin A insufficiency is not
likely to be a public health concern for this age group.

Infant formula was the largest contributor to vitamin A intake for infants adetb 6
months, 7 to 9 months, and10to 11 months (39%, 33% and 30#éspectively) followed by
0KS F22R 3INRBdzL] WO2 YYSNDA I f, redpyciivelyflienndxeeaR a Q

2013.

The government recommends that children from the age6aionths to5 years are given a
daily supplement of vitamin A (233ug), unless they are consuming 58@ml of infant
formulaa day This is a precautionary measure, to ensure that their requirements fer th
nutrient is met, at a time when it is difficult to be certain that the diet provides a reliable

source(DH, 1994

The COT assessmamicommended aolerable upper level (TUD of 200ug RE/kg bw/day
(COT, 2018 This would approximate to a total intake of around 700 RE at birth 800 RE

by 1 year. Average intakes reported in UK DNSIYC were therefore close to the TUL in the
first 6 months and at least 2.5% were above the TUL at all ages.

Conclusions

Iron, vitamin D and vitamin A were identified as the key micronutrients for whiehnet
were concerns regarding possible deficiency or excess in infanicg UK

Iron status at birth ighe mostimportant determinant of iron status throughout infancy.
Cord blood ferritin concentrations are correlated with ferritin concentrations wattleast2

years of age.

Factors associated with lower iron status at birth include birthweight maternal iron
deficiency anaemia, and other indicators of pregnancy risk includiaternal obesity,

smoking and gestational hypertension.

Delaying clampig of the umbilical cord until it has stopped pulsating (ab®utinutes after
delivery) increases neonatal blood volume, red cell mass and therefore iron status at birth.

Healthy term infants are born witlsufficient body iron storeswhich along withiron in
breast milk,are sufficient to meet their needs for growth and development for the fiést

months of life.

From around 6 months of age a diverse complementary diet is needed to meet the
increasingiron requirements of older infantsComplementary feeithg should begiven
alongsidecontinued breastfeedingr the use ofinfant formula as a main drinthroughout

the first year of life
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CKSNBE A& adzomaidlydaAralt SOARSYOS (KIFG O2yadzyLl)
associated with lower iron stas in infants younger thah2 months of age.

Experimental eidence on the effect of iron supplements on infant growth is mjxedh
only some studies reporting a positive effedhere is evidence in infants who are iron

replete that iron supplements imfancy are not protective against future deficiency and
may have a detmental effect on linear growth.

Evidence from adult studies suggests that vegetarian diets provide adequate dietary iron
however there is a lack of evidence on the impactddferent dietary patterns such as
vegetarianor vegandiets, on micronutrient intakes and status in infants.

In relation to vitamin Dother than the prevention of nutritional ricketgjata are not
available to clearly relate serum 25(OH)D concentration inrfant to current or long term
health outcomes. Safeintakes rather than RNIs are therefore recommended for infants and
children aged up td years.Safe Intakes are based on a precautionary approach and reflect
the insecurities of the data.

Onthisbasid; saRiy i 1 SQ 2F QGAGIYAY 5 A &mmNBORMROSYRSBR
IU/d) for all infants from birth up tdl year (whatever their mode of feeding) the UK

Infants who consume more than 500ml of infant formula a day do not need a vitamin D
supplement asnfant formula is already fortified.

The UK infant diet provides ample vitamin A, even with low uptake of supplements. For
some infants who habitually consume large amounts of fortified foods such as formula milk
in additionto vitamin supplements, thewitamin A intake may exceed the TUL.
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7.5

Eating and feeding of solid foods

Determinants of food acceptance

A number of biological and social factors influence food acceptance and preferences during
infancy and early childhood.

The sensory characteristied foods and the sensory stimulation produced through their
ingestion, including flavour, aroma and the oral perception of food texture, are key
biological determinants of eating behavio{mall & Prescott, 2005

The development of acceptance of tfebasic tastes (sweet, salt, bitter, sour and umami
[savoury]) is not fully understood, particularly after the fiéstnonths of life(Schwartz et al,
2009. Human newborns readily accept sweet taste and have the ability to distinguish
guartitative differences between different sugar solutions, demonstrating a preference for
sweeter solutions and those with higher sweetening po\2esor et al, 1973Desor et al,
1977 Ganchrow et al, 1993 At birth, reactions to salty taste are neutral, ranging to
rejection However, by 6 to 24 months there is a wil-marked preference for salty taste,
which appears to decline by aboufi3o 60 months(Beauchamp et al, 198@®eauchamp et

al, 1994. Data on the acceptance of bitter, sour and umami tastes are more equivibzal.
help elucidate the development of taste acceptance, Schwartz et al investigated the
development of preferences for thebasic tastes a8, 6 and 12 months of age(Schwartz et

al, 2009. They found that at each timeomt, sweet and salty tastes were most preferred,
umami tastes produced neutral reactions, and bitter and sour tastes were the least
accepted. In the sam infants, Schwartz et akxamined the impact of exclusive
breastfeeding on taste acceptand&chwartz et al, 20)3 No assoation was found
between the duration of exclusive breastfeeding and sweet, salty, sour and bitter taste
acceptance a6 or 12 months.The duration of breastfeeding was positively associated with
acceptance of umami soluticet 6 monthsbut by 12 months thi relationship was no longer
observed.

In a systematic review d20 studies (the majority of which are covered in this chapter),
Nehringet al examined the hypothesis that fetuses and infants exposed to sweet, salty,
sour, bitter, umami, or specific tasde(for example,garlic or caraway) show greater
acceptance of that same taste later in Iffdehring et al, 2016 The studies comprised 38
subgroups which wereconsidered according to the taste under investigation and the
medium in which it was presented, whether the exposure was prggosty’ | G | € = G KS
age at the start and end of the study, and the duration of exposure.

Prior exposure to bitter tastesppeared to improve acceptance of these tastes suggesting a
programming effect. Findings for exposure to sweet and salty tastes and later acceptance
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were equivocal, while there were too few studies investigating sour taste acceptance to
allow firm conclusios to be drawr(Nehring et al, 2016

7.6  Heightened preference for swegasting foods and beverages during infancy and childhood
is observed globally and intakes free sugars have risen consistently over recent years
(Tedstone et al, 2005L & A& aLlSOdz I SR (KIFIGd GKS AyTFryidQ
bitter tastes represents an innateesponse that has evolved to protect infants against
ingesting toxic food¢Rozin, 1976 Conversely, the preference for setetastes may have
evolved to attract infants and children to sources of high energy (for example, breast milk
and sweettasting foods such as fruit) during periods of maximal groWentura &
Mennella, 201}

7.7 Innate responses to the basic tastes can nevertheless be modified by exposure to different
flavours in early lif§Beauchamp & Mennella, 200Rlennella & Trabulsi, 2032

7.8 Infants experience flavours before their first exposure to solid fobtis/ours present in the
Y20KSNDEA RASG 0T 2dtubl&Espiced)tiuing prégNaioy,ias welf &8 thas& 3
inhaled as aromas present in the environment (for example, tobacco and perfumes), may be
transmitted to amniotic fluid and swallowed by the fet{Mennella & Trabulsi, 2032

7.9 Flavours will also be experienced by infants in breast milk, which like amniotic fluid,
comprises flavours that may to some extent reflect the foods, spices and beverages
consumed by the mther. Finally, the infant will be exposed to the smells of cooking and
eating before the complementary feeding period commences. As a result, the types of food
eaten by women during pregnancy and lactation, and therefore the characteristic flavours
of their culture, may be experienced by their infants before their first exposure to solid
F22Ra FYR Yl & AyTFtdzsSyOS Ay TI (Bchaaet 42060SNJ | OO
Mennella et al, 2001 In this way, mothers may transmit food preferences, which have a
strong cultural element, to their infants.

Environmental and social factors influencing new food acceapta

7.10 Wide cultural and regional differences in complementary feeding prac{Mesnella et al,
2006) contribute to strong preferences for regional cuisineseved in infants and children
(Mennella & Beauchamp, 20D5

7.11 The food preferences and eating habits of infants and young children are strongly shaped by
their LI NByda +FyR OFNBIABSNBRQ FddAGdzRSas o6StAS
(Schwartz et al, 20)1Parents and carers act as models for eating behaviour which children
learn to mirror (Savage et al, 200.7Parenting style is also associated with infant feeding
habits, and can be defined by two main parental dimensiaemandingnesstliat is,
behavioural control over the child) and responsivenadst(is, degree of warmth and
supportiveness for the childBlissett, 201} For example, a study by Moding et al found
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that greater caregiverresponsiveness improved acceptance of new fo@dsding et al,
2014).

The feeding practices and strategies parents and carers adopt when introducing new foods
impact on infantSacceptance. Raricting palatable or unhealthy foods by preventing access

02 FTYRKk2N) fAYAGAY3I GKS FY2dzyd O2yadzySR Aa |
or reduce the risk of unhealthy weight gain but this may be associated with poorer self
regulation of appete and decreased intakes of fruit and vegetables. Children may also
show later preference for the restricted food and increases in consumption once prohibition

is lifted (Blissett, 201}

The use of rewards to encourage consumption of new foods can have either deleterious or
positive oucomes depending on the type of reward and the behaviour thatawarded.

For example, rewarding consumption of a new vegetable with a sweet treat tends to result
in a preference for the latter and a decrease in consumption and liking for the former.
Corversely, using noffood rewards tends to improve the likelihood of the new food being
consumed, at least in the shateérm (Birch et al, 198y

Infant temperament is also associated with new food acceptafisedberg et al, 1991
Feldman et al, 20Q4aycraft et al, 201 1Forestell & Mennella, 2021Moding et al,2014).

Infants who are less withdrawn, more approaching and exhibit less negative mood, display
greater acceptancef new foods (as measured by increased consumption and feeding for
longer periods)L Y FI ydaQ SFdAy3 o6SKI JA 2 uebdting,Sopadd® Y Sy U
satiety responsiveness) also relates to food acceptédhizdlan et al, 2014

New food acceptance

During the first few months, it has beesuggested that infants tend to accept new foods
with fewer exposures than at later ages. For example, infants younger3t@aA months of
age will more readily accept even quite bitter tasting form(@éennella & Beauchamp,
1998 Mennella et al, 2011

Moderate levels of food neophobia (defined as the reluctance to eat or the avoidance of
new foods(Birch & Fisher, 19980 not emerge until around 18& 24 months(Cashdan,
1994 Dovey et al, 2008

CSAY3 0 WLIAO1EQ 2N WFdzaaeQ Sl G SNadortrasto Ay T dz
YS2LK200 PHREEOQ] & GSNB I NB dzadz ff edreR&FAYSR |
variety of foods through rejection of a large proportion of foods that are either familiar, or
unfamiliar, to them(Dovey et al, 2008 Although parentsor carers may use the term
WLIAO1AYySaaQ G2 RSAONAROS FT22R yS2LK206A0 0SK
NBfIGSQ> FMWBAOQE S IAYy3 YR yS2LK20AF | NS 0SK
factors pedicting the severity and expression of the two constru@slloway et al, 2003

Wt QO &2 Q Sl GdAy3 Oly SEGSYR FdzNIKSNI GKIy ¥
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not just a particular food, but also flaurs and the textures and feel of foo{fSmith et al,

2005. Understanding the developmental factors that hinder the acceptance and
consumption of new foods is integral to determining howlt#® a8 A G A St & Ay Tt dzSy
food choices.In the US Feeding Infants and Toddler St@@yong 4 to 24 month olds,
N=31HHUVI GKS LINBGZIfSyOS 2F OKAf RNBY ARSYUGATAS
19% to 50% from to 24 months, and was neg 30% among@ to 11 month oldgCarruth et

al, 20044

Evidence fol- crittalg A Y R2 6 Q T2 NJ { Kdidfdogsi NP R dzC

It has been suggested that the period betwegand7Y 2y i Ka 2F ' 3S NBLINBE A ¢
windowdXor the introduction ofsolidfoods and that exclusive breastfeeding during the first

6 months might therefore constrain the window during which new flavaumrd textures can

be successfully introduced and accept@gawtrell et al, 201,LNicklaus, 2011Mennella &
Trabulsi, 2012 It is argued that if the opportunity to introduce foods is missed, there may
be poorer food acceptance and more food refusal both during the complementary feeding
period and laterin childhood(lllingworth & Lister, 1964Northstone et al, 200lMason et

al, 2005 Coulthard et al, 2009Coulthard et al, 2014 This view is, however, based on
limited evidence which includesase studiegqlllingworth & Lister, 196§ observational
studies conducted at a time whesolid foods were introducedat much youngelges and
which may beprone to confoundingNorthstone et al, 2001Coulthard et al, 2009 and
follow-up studies of feeding difficulties experienced by highly selected children who were
tube fed prior to the introduction of solid food@Mason et al, 2006 Conclusions drawn
from this weak evidence base may not be applicable to a contemporary population of
healthyterm infants.

The following sections therefore:

a) eE LX 2 NB ( KS cHtdal itrBlgh® S T dinddilidton o¥solid foods

b) investigate the key factors driving the acceptance of solid foods introduced to
complement the milk diet, including the effects of repeated exposure, dietary
experience, and exposure to a variety of flavours and textures, to help fdgmtiential
strategies to enhance the uptake oéw foods

The difficulties in conducting experimental research on this topic should be noted. These
include the ethical and feasibility issues associated with randomising infants to different
feeding pattens over sufficiently long periods of time and in adequate numbers.
Consequently, few trials have been conduc{®tkennella & Beauchamp, 20D5Those that
havebeen carried out vary considerably in design, sample size, age and age range, and study
quality, making comparisons difficult.

61



Experimental evidence from studies of acceptance of protein hydrolysed
formulae

7.21 Mennella et al have undertaken a series of expeents investigating the ageelated
changes in the acceptance of a protein hydrolysed forniBldF). PHFs are described as
extremely unpalatable, with a bitter and sour taste profile, and unpleasant odour and
aftertaste (Mennella et al, 2004

7.22 The first study(Mennella & Beauchamp, 1996found that while infants younger thag
months were able to detect the diffenee between PHF and their regular formuylghey
drank substantial amounts of the PHF and fed to satiatlancontrast, nearly all infants
aged 7to 8 months rejected the PHF (p<0.001h a further study, Mennella and
Beauchamp found a significant corréld 2y 0SG6SSy Ay FlydaQ F3S
(p<0.0001), with rejection becoming apparent between the ages oftd 724 weeks
(p=0.003)Mennella& Beauchamp, 1998 They suggested that there may be a specific age
window during which it is possible to introduce PHF successfully.

7.23 In subsequenRCT#$/ennellaet al showed that previous exposure to PHF improved its later
acceptance with evidence ofdose effect(Mennella et al, 2004 and that infants exposed
to PHF fo8 months were more accepting than those infants with @xposure but were less
accepting than infants witl7 months exposurgdMennellaet al, 201). They also observed
that infants who were first fed PHF at 3.5 months rejected it more than infants exposed at
1.5 or 2.5 months, and proposed that there may be a window for early acceptance at
around 3.5 moths of ageg(Mennella et al, 2011

7.24 In a further RCT, Mennella and Castor found that infants fed PHE-0io8 months, but not
for 1 month, showed greater acceptance of a savoury broth compared with the plain broth
(p<0.01) and consumed it at a faster rate (p<0.01) when tested at 8.5 months of age
(Mennella & Castor, 2032

7.25 The RCTs conducted by Meraedt alprovide experimentakévidence on a topic previously
dominated by observational data. They have, however, all focused on the acceptance of a
specific and unpalatable bitter tasting drink. It is not clear how these findings can be
generalised to the broader diversification ofethdiet and acceptance of other tastes, or
whether the findings would apply to breastfed infants who in gaheccept tastes more
readily.

Experimental evidence from studies of acceptance of solid foods

7.26 Cohen et al conductecan RCTwith the aim of determimg whether the timing of
introduction of solid foods to breastfed infants influenced infant appetite or acceptance of
solid foods during the second half of the first year of (@ohen et al, 1995In a low
income, Honduran population, mothers who had exclusively breastfed foonths were
randomly assigned to continued exclusive breastfeeding months or to introduction of
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solid foods (either with ad libitumnursing or with maintenance of baseline nursing
frequency).

By 9 months, infants in alB study groups were eating similar amounts and types of food,
consuming a similar proportion of food offered and accepting new foods equally well.
Therefore, results rbm this study did not support concerns that infants exclusively
breastfed to6 months would not accept a variety of foods as readily as those gukd
foodsat 4 months(Cohen et al, 1995

A recent RCTn New Zealandcomparing WHabyled weanind2(BLW) with conventional
feeding practice(see paragraph3.75to 7.77 for more detail$ provides further evidece
regarding the acceptance dfavoursand textures(Taylor et al, 201)/ In this trial,infants
randomised to BLWcontinued exclusive breastfeeding fo4 weeks longer than
conventionally fed infants (BLW median, 21.7 weeks; compared with 17.3 weeks for control
infants p=0.002) and 65% of parents deferredomplementary feeding to 6 months,
compared with only 18% in the control arm.

At 12 months of ageparentsof the BLW infants ratecheir infants as significantly less fussy
and picky about foodTheseinfants also displayed higher enjoyment of food at both 12 and
24 months.Even though the later introduction ttbodswas a consequencef followingthe
BLW appoach ratherthan an exposure of interest these results suggest that the
introduction to solid foods at around 6 months does not impair food acceptance and
enjoyment(Taylor et al, 201)/

These RCTeported that deferring the introduction osolid foodsto around 6 months of
agedid not appear toimpair later acceptance of food and that the age period betwden
and6 months is not a crucial period for introductief solid foods.

Repeated exposure and food acceptance

It is postulated that repeated consumption of new food and flavours, when not associated
with a negative gastrointestinal consequence, improves acceptéBiceh et al, 199Band a
number of sudies have been conducted to more closely ascertain the number and type of
exposures required to achieve this.

It has also been proposed that vegetables should be introduced as thesdiidtfoods to
facilitate acceptance and improve intakes of vegetabin both the short and long term
(Fildes et al, 2005 A numberof studies have used first exposure to vegetables and fruit as
an experimental model to examinthe impact of repeated exposure and variety on food
acceptance.
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Experimental evidence

7.33 In a longitudinal study, Sullivan and Birch examined the impact of dietary experience and
type of milk feeding on the acceptance of new vegetables in 36 infants age@ée4 and
6 monthswho were randomised tal treatment groups receiving green beans or peas which
were either salted or unsalted, 10 times over 10 digullivan & Birch, 1994

7.34 All infants increased their intake §0.001) regardless of the type of vegetable consumed or
whether salt was added. Although there was no initldference, after repeated exposure
breastfed infants had greater increases in intake of the vegetable and an overall higher
intake compared with formula fed infants. No dietary data were collected from mothers and
it was therefore not possible to invegate whether exposure to flavours transmitted
GKNRdzZAK ONBFad YAf] AyFtdzSyYyOSR (GKSotherNBI &40 F
vegetableqSullivan & Birch, 1994

735 . ANODK SéG If FdzZNIKSNI Ay@SaaAadalrisSR AyFlrydaqQ A
factors that might ameliorate this response by studying 39 infagiesd 160 31 weeks, who
were offered repeated exposures to a new food over 10 ddysignificant increase in
AYyTrytaQ Ayar1S 2F GKS GFNBSG F22R ol a 2048
during the exposure period. While intakes of the same amdilar foods increased with
target food exposure, intake of different foods was unchan(gidch et al, 1998

7.36 Maier et alinvestigated whether consumption of an initially disliked vegetable improves
with repeated exposurdn the first few week®f complementary feeding, 49 mothers were
asked to identify a vegetablauree that their infant disliked and that they normally would
not offer again. At a mean age 7.0 (x0.9) months mothers were asked to offer that
vegetable on alternate days for 16 daysd to offer a welliked one (carropuree) on the
other days. Over the following days, mean intake of the initially disliked vegetable increased
(p<0.0001)and by the eighth exposure was similar to that of the liked vegetafbiier 8
exposures more tan 70% of the infants consumed the initially disliked vegetéidi@er et
al, 20073 Nine months after the exposure period, 63% of the infants (aged9Bonths)
were reported as still eating and liking the initially disliked algke.

7.37 These findings of Birch et al and Maier et al suggest that acceptance of new foods is
enhanced by repeated presentatior{Birch et al, 1998Maier et al, 2007a In contrast,
observational evidence suggests that caregivers tend to present foods on relatively few
occasions (usually less th&h before concluding that thenfant will not consume the food
(Carruth et al, 2004aViaier et al, 2007

7.38 Subsequentrials have sought to investigate the effects of repeated esyre exclusively to
vegetable or fruitpurees at the start of the complementary feeding period on later
acceptance and intake of these foo(Barends et al, 2033Barends et al, 2004 Infants
(mean age 5#0.8 months) were randomly assigned 4otreatment groups,2 receiving
vegetable (green beans or artichok@)rees and the other2 receiving fruit (apple or pim)
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purees for 18 days. On day 19, the vegetable groups received their firspfitge and the

fruit groups their first vegetableureed wSLISH SR SELI2 adzNB (2 @S3Si

vegetable intakebut not fruit intake while repeated exposure tdruits had no effect on
vegetable intakebut increased fruit intakeFrom the start fruit intake was higher than
vegetable intakgBarends et al, 2013

In a followup studyat 12 months of agethe authorsreported daily intake of vegetables
was 38% higher in the vegetable groupan in the fruit groups (p=0.02), but by 23 months
of age, intakes were similar across vegetable and fruit gr@@asends et al, 2094

This trial provided evidence that repeated exposure to vegetables improves acceptance, but
that exposure ¢ fruit does not result in improved acceptance of vegetables. This finding
informed the design of studies investigating other factors influencing food acceptance
during the complementary feeding period which are explored below.

Influence ofexposure to a ariety of flavourson new food
acceptance

There is evidence that breastfed infants are more likely to accept new f(faulivan &
Birch, 1994 and it is postulated that this may be because they experience a variety of
flavours transmitted via breast miliMennella & Beauchamp, 199Forestell & Mennella,
2007 Maier et al, 2007bMaier et al, 2008

Experimental evidence

Forestell and Mennella randomly assigned 45 infants agéal 8 months, of whom 44%

were breastfed and had never received infant formula, to receive either green beans alone,
or green beans followed by pehes, at the same time of day o consecutive days
(Forestell & Mennella, 2007 Initially, when first introduced to peacheghe breastfed

infants consumednore and displayed fewer negative facial responses than the formula fed
infants.However, there was no significant difference for the initial intake of green beans.
wSLISFGiSR RASGEFENE SELR&dINBE G2 3INBSYy o6Slyacs
consumption of green beans (p<0.001) in both breast and formula fed infants. There was a
reduction in distaste facial expressions af8days in infants fed green beans and peaches
together, but not in infants exposed only to green be@rsrestell & Mennella, 2007

These findings are consistent with previous research suggesting that liking for a bitter
tasting vegetable (or beverage) is enhanced if it is agtetiwith sweet tastegStein et al,
2003 Havermans & Jansen, 2007

Gerrish and Mennella randomised 48mula fed infants to3 groups who, over ® day
exposure period, were fed only carrots, only potatoes or a variety of vegetables that did not
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include carrotsand then assessed theielative acceptance otarrot (assessed before and
after exposurg and their acceptance ofa new meat, chiken (assessed after exposyre
(Gerrish & Mennella, 20Q1Infants in the carrot and variety groups, but not thasethe
potato group, ate more carrots than at baseline (p=0.002 and p=0r@8Bectively)Infants
in the variety group also showed enhanced acceptance of chicken when compared with the

carrot group(Gerrish & Mennella, 2001However, a humber of outcomes were assessed

and therefore some of the findirsgnay have occurred by chance.

Maier et alwent on to study 147 breast or formula fed infants allazto 3 groups at mean
ageb5.2 @andard error of mear®.1) monthgMaier et al, 2008 All received carropureeas
a first meal and, over the neX@ days, groupl received carrots daily, groug had 3
vegetables each given f& consecutive days, and grophad the same3 vegetables but
with daily changesOn the 18" and 23° Rl @ a3 (G KS Ay T I2yiewavenetabl® O S LI |
purees was assessed, and around 22 days later acceptance of meat and fshlswa

assessed.

The high vegetable variety group (gro@pshowed the greatest increase in intake of the

new foods while breastfeeding infants had higher intakes with a significant interaction

between type of milk feeding and degree of varieffis effecwas still detectabl@ months
later. Both breastfeeding and high variety were associated with higher liking scores as rated

by mothers (p=0.005 and p<0.0001, respectively) and observers (p=0.008 and p<0.0001,
respectivelyMaier et al, 2008

As a follow up to this study at adgeyears, 75 (51%) children completed consumption and

liking tests in an experimental settin@laier-Noth et al, 201% At this age, previously

breastfed infants were repoed as eating and liking more vegetables than those who had
been formula fed, but after adjustment for this, children who had experienced high

vegetable variety at the start of the complementary feeding process ate significantly more

of the new vegetabledjked them more and were more willing to taste vegetables than
those in the no or low variety group.

Finding from Gerrish and Mennella suggest that exposure to a variety of flavours (albeit still
relatively limited at this stage) at the start of the cplamentary feeding period enhances

the acceptance of new food&errish & Mennella, 200®
that acceptance of new fats is enhanced by making frequent changes in the foods offered

al ASNRa addzRe

and that this effect may persist into mid childho@dlaier et al, 2008 Maier-Noth et al,

2016.

The impact of variety was further investigated in a European roaltire intervention study
(Fildes et al2015. Mothers of 146 infants aged to 6 months were randomised to either
receive advice to introducB vegetables (one per day) as first foods o¥Brdays (=75), or
receive countryspecific standard government complementary feeding guidans&X).One

Y2YGK | FGSNI
vegetable was assessed.

GdKS
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The combined results for th& countries showed no significant intervention effect by
individual country, however, in the UK sampiere was a ignificant effect on intake and
liking of the unfamiliar vegeble, while there was no effesh the Greek or Portuguese
sample.The authors postulated that an effect was only seen in the UK sample because the
Greek and Portuguese control families alredidyl high intakes of vegetables as first foods
(Fildes et al, 2015

To explore the effect of exposure to a single food or variety of foods on new food
acceptanceMennella et al studied 74 infants agddo 9 months(Mennella et al, 2008 In

the fruits study infants were exposed to one fruit (pears) or a variety of fruits (not including
pears) at home foB days.At the end of this periodA Y T yiaQ | OOSLIil yOS
green beanswas evaluatedintake of pear but notof green beansincreasedfor both

groups

In the vegetables stugynfants were split intahree groups: 1) daily exposure to only green
beans 2) variety of vegetables between the target meals (given on daysd11) (BM) and

3) variety of vegetables both between meals and within the target meals\(iBW). The BM
group received only one vegetable each day (green and orange vegetalelesmtt daily)
while the BMWM group were fedtwo vegetables each day (one green, one orange)
(Mennella et al, 2008

After 8 days of exposure, infants in the BWMM vegetable variety group had inciszdtheir
intake of green beans (8:002) as well as a carrots/spinach combination (p=0.03) but
repeated exposure to a variety of vegetables between mé¢Bleé group)did not affect
acceptanceof carrots and spinach.Intake of green beans tended to increase infants
exposed to green beans alone or to a variety of vegetables between njesdsO8)
(Mennella et al, 2008

This study demonstrated again that repeated exposure leads to greater accepbanah

not find that exposure to other fruits and vegetables enhanced the acceptance of bitter
foods such as green beanthe sample, however, was too small to detect any but the
largest of treatment effects.

Coulthard et alecruited 60 infants one weedfter starting solid foods and compared those
starting before or after 5.5 months (mean age of introduction 4.5 versus 5.9 months)
(Coulthard et al, 20 Ly FlydaQ | OOSLIilyOS 27F OI2NNZ
groups of infants were divided further so that half of each group received carrot every day
while the other half were given a variety wégetabledor a 9 day exposure periodt the

end of this periodneither age at introduction oéolid foods, nor expsure type,affected
consumption of carrot oof a new food, pea purednfants who had been introduced to
complementaryfeedinglater andexposed to a variety of vegetables, consumed more of the
new food (peagpuree) than those who had only received carrots, but the interaction was of
only borderline significance and in the absence of a main effect may be a chance finding
(Coulthard et al, 2014
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Hetherington et arecruited 36 infants befie solid foods were introducefHetherington et
al, 20195. Infantswere randomised to receive 12 daily exposures to vegetablegadded
G2 GKS AYyTIy(aQ dzadz f
rice (intervention group) or to receive plamilk and rice (control groupBoth groups then
received 11 daily exposures to vegetapleee

YA f | Ivegétable pudesafded t6 & M H

At the end of this 35 day period, the intervention group consumed more vegetables than
the control group, ate them more rapidly, and liked them more (atdiog to investigator

ratings). However the improvement was specific to the exposed vegetables, with no
enhanced acceptance of an unfamiliar vegetable and there were no group differenées at
and 18 months follow ufHetherington et al, 2016

This study suggests that repeated presentation of vegetables in one form enhances later
acceptance ira different form, but that the effect does not persist beyond the first few

weeks.

Observational evidence

In a longitudinal study of 203 French infafiteinge et al, 20)3mothers recorded each new
food offered from the beginning of the complementary feeding period (mean5agenths)
to the age of 15 months and scored acceptance of each of thedficgids presented.

Neither the durdion of exclusive breastfeeding nor the age at introduction of
complementaryfeedingg & NXf I 0 SR
vegetables were the least well accepted food categories, but earlier introduction of
vegetables was associatedth better acceptance of subsequent new vegetables. The total
number of new foods offered during th2 month period after complementary feeding

commenced that is, food variety) was associated with the acceptance of new foods
(p=0.02) until 15 months ofge. This was most marked for fruit (p=0.04), vegetables
(p=0.002) and meat (p=0.0@)ange et al, 2013

G2 Ay Tl yiarRuitsla@@OS LIG Iy

Effects oftextural characterstics of foodon new food acceptance

It is has beersuggestedhat delay in the introduction of chewable, more lumpy textured
foods may compromise acceptance of new textures at later ages, adversely affecting the
variety of the diet(Nicklaus, 201l The evidace supporting this hypothesis is limited,

however, to3 observational studies.

Experimentalevidence

In 70 one year old infant&lossfeld et abxamined acceptance of cooked carrots presented
in two different textures pureed and choppedBlossfeld et al, 2007 Infants consumed

more of thepureeR  OF NNZ { &

0Ky
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AYyTFlLyiaQ SyezeéevySyid 27T Bé&rdgantroduBdd @atiibiBo conplexk A I K S
textures or chopped foods was positively associated wht amount of chopped carrots

eaten and children with more teeth and higher dietary variety also consumed rroed
responsiveness and willingness to consume new foods were positively associated with
consumption of chopped carrots, while pickiness anskiness were negatively associated
(Blossfeld et al, 2007

Observational evidence

Northstone et alused questionnaire data from the UK ALSPAC to describe the dietary
patterns of infants in the UK & and 15 months of age(Northstone et al, 200l Infants
were divided into3 groups according to the age at WO K Wsolkikk Ydodis\@ere first
introduced: 1) beforés months of age (n=1,0062) between6 and 9 months (n=6,711)and

3) after 10 months of age (n=1,643)The majority of infants had commenced
complementary feeding between the ages3®&nd 4 monthsas was recommended at the
time of the study(DHSS, 1998

Compared with infants introduced betwedhand 9 months, infants given lumpsolid foods
after 10 months were significantly lessdii to be having family food$lowever there was
very little difference between those introduced befo& months and those introduced
between6 and 9 months in the proportion of children havirfgmily foods At both6 and 15
months, mothers reported morefeeding difficulties in those infants subsequently
introduced to lumpysolid foodsat 10 months or olde(Northstone et al, 2001

Coulthard et afollowed up 7,821 of these children up at ageyears, using similar groups:

1) lumpy solid foodsunder 6 months of age2) 6 to 9 months and 3) 10 months orolder
(Coulthard et al, 2014 Children starting lumpgolid foodsafter the age ofLO months ate
significantly fewer of many of the food groups, notably fewer fruit and vegetalaled had
significantly more feeding problems compared with children starting lumpy foods between
6 and 9 monthsof age

This study found an association between delayed intatidun of lumpy foods with
acceptance at later ages and feeding problems at school age. Being observational there is
possibility of confounding and reverse causation, although the authors did adjust for
baseline demographic and some dietary and behavibia@ors(Coulthard et al, 2014

The SWSxamined the timing of introduction ofolid foods in rehtion to later feeding
difficulties (Hollis et al, 2016 Parents were surveyed when children w&gears of age,
using the same ALSPAC questionnaire. T/3892infants were grouped according to
whether they were introduced to any solfdods 1) before4 months 2) between4 and 6
months (reference group), and 3) at or af@months of age.

Concerns about feeding were common &years of age bytafter adjusting for potential
child and maternal confounding factors, there were no significant differences bettee3
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feeding groups fob specific feeding difficulties (not eating sufficient foods, refusing to eat
the right food, being choosy with food, over eating or being difficult to get into a routine).
However, annverseassociation was found between therggral feeding difficulty question
and age of introduction o$olid foods, with children introduced to solid foods at or aftér
months of age having a lower relative risk of feeding difficultiesqQRR; 95% CI 0.5®
0.91; p=0.004) than children introdred to solifoodsearlier.

These observational studies report associations between the age of introduction of all solid
foodsand of lumpy or textured foods with food acceptance and feeding problems at later
ages.The SWS found little relationship betweethen solid foodswere introduced and later
individual feeding problems, but did find a tendency to fewer problems in those starting
solid foods later (Hollis et al, 2016 Blossfeld et al found that the longer the experience of
textured foods the better they we accepted at agd year, but that fussier infants or
neophobic infants were less likely to accept th€Blossfeld et al, 2007 However, the
ALSPAC found that children who started more lusplyd foodsafter the age of 10 months
were slightly more likely tdhave feedilg problems later in childhoo{Northstone et al,
2001; Coulthard et al, 2000 This suggestthat some childrermaybe inherently less willing

to accept textured foods than others, but thas with flavour acceptance, repeated
exposure is likely to be important.

Caregiver feeding practices

Research in human®lennella & Beauchamp, 1998ennella & Beauchamp, 199@and in
animal models(Kuo, 1967 Capretta et al, 1975Hennessy et al, 19Y7uggests that
exposure to a variety of flavours during complemtery feeding enhances the acceptance of
new foods leading teaonsumption of a varied diet.

Responsive feeding

Responsive feedifds aform of Yesponsive parentinQin which parents are aware of their
OKAfRQa SY20GA2y Il leattRappNIKIINTAIOT §f 8y SIBR & (i K §/ARNJ
hunger and fullnesgBlack & Aboud, 20)1 Responsive feeding avoids ox@ntrolling

feeding practices, such asrist rules on how much to feed and forcing or pressuring
children to eat, and also discourages indulgent and uninvolved feeding styles, in which the
parent feeds the child in response to any sign of upset or in a disorganised manner
Interventions to promte caregiverresponsive feeding have reported beneficial effects
caregiver feeding behaviour anoh the quality of the infant dietRedsell et al, 2016
Hohman et al, 201)7

The INSIGHT randosad clinical trialinitiated in 2012 inthe USA(n=29)), investigatedthe
effect of a responsive parenting intervention (including responsive feeding) on childhood
obesity (Savage et aR016 Hohman et al, 201)7 In particular, Savage et al examined the
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effect of the INSIGHT intervention on infant weight gain at 6 months and on overweight
status at 1 year comparedith a control grop. The INSIGHT intervention was associated
with slowerthan average pattern ofveight gain during the first 6 months and this effect did
not differ by feeding mode. Infants in the INSIGHT group also had lower mean ‘aight
length percentiles at 1 yearompared withinfants in the control group and were less likely

to be overweight at age 1 year (5.5%rsus12.7%; p=0.05]Savage et al, 20)6These
results suggest that parental responsive feeding has beneficial effiectisei context of
obesity prevention.

Babyled weaning

Proponents of BLW, where the infant is left to entirely $edfd from the outset, with no
spoonfeeding, argue that the pace of complementary feeding can be determined by the
AYTLEYGHQa | 63§ ard find miokoR sKilliRapfey, 2G4 It is hypothesised that this
approach is less coercive and enables infants to e#gutheir energy intake more
effectively.

In the onlyrandomised trialof BLW to datethe BLISS Studg New ZealandTaylor et al
tested the hypothesis that compared with conventional feeding BLW would lead to lower
BMI and better energy regulatiorth@t is, a higher satiety responsivenesgjaylor et al,
2017). The trial used a modified form of BLW designed to minimise the risk of choking and
iron deficiency ad mothers randomised to BLW were also supported by extra contacts with
a lactation consultan(Daniels et al, 20)50ne hundred and five mothers were randomised

to BLW and 101 to standard complementary feeding and followed up at 12 and 24 months
of age.

There was no significant difference in the primary outcome measuf@ KfA BMRf@raage
z-score atl2 or 24 monthsAt 24 months, 10.3% in the BLW group hadIB®B" percentile
compared with 6.4% in the control gro®R 1.6; 95%I 0.5to 5.3) (Taylor et al, 201
However, a follow up was only to 24 months of age effect on obesity later in childhood
cannot be entirely ruled out

The infantsrandomised to the BLWArm of the studywere exclusively breastfed for a
median of 4.4 weeks longgp=0.02)and 65% oftheir parents deferredcomplementary
feeding to 6 months, compared with only 18% in the control arLW infantshad
significantly lower food fussinesmdg SNBE  Saa f A1 St & (aRagedld
months BLW infants alsshowedhigher enjoyment of foodat both 12 and 24 monthand
were morelikely to feed themselves most or all of their food than contirdants at every
age (until 24 months)Taylor et al, 201)7 There were no significant differences choking
risk (Fangupo et al, 20)6r iron intake and statugDaniels et al, 200)@etween the two
groups.
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Previously, a retrospective observational study had reported that children aged Z8
months of parents who had agited BLW (n=92) were slightly less likely to be overwesght
obese(14% versus 16%) and more likely to be underweight (4.7% versus 0) comptred
children of parents who had followed the traditionaboonfeeding approach (n&3)
(Townsend & Pitchford, 20)2The retrospectiveand observationaktudy designmakes
these findings liable to confounding and reverse causatioat, is, parents had resorte to
spoonfeeding of already more demanding and heavier infants. Duration of breastfeeding
also differed substantially between the groups (BLW group 24 + 11hap8F group 10 £ 9
months, <0.0001).

Two large crossectional observational studieeported that BLWwas associated with
earlier exposure to family food¢Brown & Lee, 2001 but one of these also found an
association with low irortontaining foodgCameron et al, 203 The authors noted that

only around a third of mothers who described themselves as using BLW fully adhered to it,
with most also offering some spodeeding.

These results suggethat when comparedwith spoonfeeding,a BLW approacipromotes
seltfeeding and results i positive attitude to food (more enjoyment and less fussiness)
and earlier exposure to family foodln addition, both experimental and observational
studies haveeported a longer duration of exclusive breastfeeding and later introduction to
solid foods as a consequencefoliowinga BLW approach.

Conclusions

The existence of &ritical windovwQdfor the acceptance of solid foods betweehand 6
months is not suported byexperimentalevidence. Deferring thetart of complementary
feedingto around 6 months of ageis not associated with later difficulty in acceptance of
solid foods.

Observational evidence suggests that breastfed infants may more readily accepgoodsv
than infant formula fed infants.

Experimental evidence shows that fruit and sweet vegetables are well accepted at every age
compared with bitter tasting vegetables. Exposure to fruit does not increase acceptance of
vegetables. It is not clear whethepairing sweet with bitter foods increases initial
acceptance.

A range ofevidence indicates that repeated exposure to new foods enhanctir
acceptance, though the number of exposures required varies depending on the age of the
child and the flavour iguestion.

Some experimental evidence suggests that offering a variety of foods helps to increase
acceptance of nevlavours while observational evidence suggests that greater exposure in
termsof variety and frequency is associated with enhanced subseigacceptance.
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Skills such as munching and chewing can only be acquired with experience and exposure to
progressively firmer food texture3.here is insufficient evidence to give detailed guidance

on the speed of progression of solid food textures, bservational evidence suggests that
exposure to lumpy foods befoi@months may be beneficial.

Interventions to promote responsive feeding, a derivative of responsive parenting, have
reported beneficial effects on the quality of the infant diet in the amit of obesity
prevention.

There is limited evidence on thBLWapproach to complementary feedindgwever, a
single trialreported that a BLW approacfdid not have a significant effect on the primary
outcome of BMI, but didresult in earlierseltfeeding, less food fussiness and greater
enjoyment of food (secondary outcomes saiéported by parents) With appropriate
guidance, BLWIid not appear todecreaseenergy or micronutrient intakes.
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Oral health

Oral health of childrenn the UK and impact of por oral health

Oral health is part of general health and wellbeing and contributes to the development of a
healthy child. Dental caries (tooth decay) is the destruction of susceptible dental hard
tissues caused by acidic -pyoducts from the bacterial ferentation of dietary
carbohydrates by oral bacteriarsh & Martin, 1999 This acid causes a drop in pH levels
which makes the tooth susceptible to demineralisation. Demineralisation is reversible in the
early stages of the process and dental caries in enamel may remineralise. Fluoride aids this
remineralisation process by actjiras a catalyst for the diffusion of calcium and phosphate
(Selwitz et al, 2007

Tooth decay in early childhood is known esly childhood caries (ECC) and is defined as
one or more deayed, missing or fille@MF)tooth surface in any primary tooth of children
aged under 71 months. In children younger thagears of age, any sign decay on the
smooth surface of the teetis indicative of severe early childhood carie€(CjAmerican
Academy of Pediatric Dentistry, 2008

Dental caries is largely preventapleowever it is still the most common oral disease
affecting children and young petip Poor oral health impacts on children and familles
wellbeing and is costly to treat. Children may experience pain, discomfort, acute and chronic
infections, eating and sleep disruption as well as a higher risk of hospitalisation. Dental
decay may affdcnutrition, growth and weight gain as toothache and infection alter eating
and sleeping habits, dietary intake and metabolic processes.

In 20122013, dental caries was the most common reason for hospital admission for
children agedb to 9 yearsin Englad (Health and Social Care Information Centre, 2015a
Over 60,000 childremged 0 tol9 years were admitted to hospital to have teeth removed
under general anaesthesia in 202616 (PHE, 2016aThis pattern is similar or worse in
Scotland, Wales and Northern Ireland

Although the oral health 0% year olds across the UK is improving, in 2015 almost a quarter
(24.7%) ob year old children in England started school with dental caries, with on av8rage

or 4 teeth affected(PHE, 2016pIn the devolved nations, the prevalence obth decay ab

years of age is even higha v’> 2 F Wt NAYI NE mMQ OKAf RNGSY AY
National Services Scotland, 201610% in Northern IrelandHealth and Social Care

Information Centre, 20158 | YR F2NJ OKA2RNBWVY AV | &8 O DLdin

prevalence was 35%ardiff University, 2026

" Children in Reception andiRrary 1 ared to 5years old.
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Poor oral health is associated with materdgprivation with children living in deprived
communities having poorer oral and general health when compared with their more
affluent peers(Marmot & Bell, 201}, these inequalities have been demonstrated in the
devolved natbons where children from poorer backgrounds experienced the most decay
(Morgan & Monaghan, 2015cottish Dental Epidemiology Coordinating Committee, 2016
The Northern Ireland Statistics and Research Agency,)2Qigpaity can also be seen
across the English regiar3% of5 year old children in the North West experienced decay
compared with 20% in the South East of Engl@dtdE, 2016p

The first survey of the oral health & year old children in England found that 12% had
experience of dental caries and those that had dental caries hadavemage 3 teeth
affected.The early onset of this disease suggests that infant feeding practices, such as bottle
feeding andtype of complementary feeding, may be associated with the development of
dental caries as might éhdelayed commencement of toadbtihushingand/or lack of fluoride
toothpaste(PHE, 2014

UK guidance for oral healtimprovement

Evidence based guidance for oral health improvemanEnglandincluding theprevention

of dental aries, is covered ieliveringbetter oral health ¢ an evidence based toolkit for
preventionQPHE, 2014 The guidance relating to dental caries prevention in infants and
young childrenlunder 3 year olds) reiterates infant feeding advifsee paragraphi.23 and
also recommends that:

1 from around6 months of age infants should be introduced to drinking from a-fiees
cup, and from agé year feeding from adittle should be discouraged

sugas should not be added to foods or drinks
the frequency and amount of sugary faoand drinks should be reduced

parents/carers should brush or supervise toothbrushing

== =2 =4

start brushing as soon as the first tooth appears (uguailabouté months of age), at
least twice a day with fluoride toothpaste last thing at night and on at least one other
occasion

1 see a dentist as soon as the first tooth appears and no later than the first birthday
(British Society of Paediatric Dentistry, 2018

use fluoridated toothpaste containing no less than 1,000 pm fluoride

use only a smear of toothpaste
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Similar advice is provided the NICE Publielealth Guideline which states that parents and
carers should be encouragétb offer drinks in a nofvalved, freeflowing cup from age6

to 12 months, discourage feeding from a bottle frothyear onwards, provide milk and
water to drink between meals,ral discourage parents and carers from offering baby juices
or sugary drinks at bedtim@NICE, 2014b

Freeflow cups (or beakers) are recommended because these enable the child to learn the
skill of sipping which is important in the development of the muscles used in talking
(American Dental Association, 2004

Fluoride in water can reduce the likelihood of experiencing dental decay and minimise its
severity. Evidernereviews confirm that it is an effective, safe public health measure suitable

for consideration in localities where levei§dental decay are of conce(theozorEjiofor et

al, 2015 PHE, 2018 The 2015 Cochrane review looked at before and after studies that met

GKS NBOASHESNEQ ONRUGSNREF F2N) AyOfdzarazyrr O2y O
resulted in children having 35% fewer decayed, missing and filled baby teeth and 26% fewer
decayed, missing and filled permanent teeth. They also found that fluoridation led to a 15%
increase in children with no decay in their baby teeth and a 14% iser@achildren with no

decay in their permanent teet{iheozorEjiofor et al, 201p

Maternal diet and infant feedng practices that may impact on
tooth formation and decay experience in the first 12 months of life

Maternal dietand nutritional statusbefore and during pregnancy calirectly influencethe
formation and structural integrity of both the primary and pern@at dentitionduring fetal
growth. Cells in the oral cavity of the fetus start to differentiate to form the primary teeth at
around 6 weeks post conception, with tooth mineralisation beginning at arodndonths
gestation with the formation of dentine (t#h foundation for the deposition of enamel)
(Jontell & Linde, 1986.igh et al, 201)1 Exposure to teratogenguring pregnancy or severe
maternal nutrient deficiencies can impact on the development of the primary taath
thosepermanent teeth that start to form during pregnan@@ardine et al, 2008.

There is no evidence that consumption of fluoride supplements (such as tablets, drops,
lozenges or chewing gum) by women during pregnancy is effective in preventing dental
caries in the primary teeth of their childrgheverett et al, 1997Takahashi et al, 20).7t is
thought that fluoride can cross the placenf@HO, 2002US Public Health Service, 2003
However as the placenta may act as a partial barridtre pre-eruptive effects of water
fluoridationon the primary dentition is unclegShimonovitz et al, 1995

8 Cups and beakers should be fié@wing vessels. Cups that can be turned upside down and retain the liquid
using a nordrip (spill) valve should not be used.
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8.14 The oral mionbiome of infants is influenced by mode of delivery; infants delivered vaginally
are exposed to different microorganisms than those delivered fsed@ion and this may
affect colonisation patterns in the oral cavifHolgerson et al, 2031 This microbial
O2ft 2y Aal GA2Yy AYAGALFGSa& YI (exNand altergfion2 6 thel KS Ay
microbiota may result in illness or increased risk of infection particularly in infancy.

8.15 Mode of feeding (breastfeeding versus infant formula feeding) has also been found to
influence the infant oral microbiome and this may hawplications for child health and
long term human healtliHolgerson et al, 2013

8.16 The nutritional composition of the infant diet can also have a direct effect on tooth
development preeruption, and both thenutritional composition and the erosive
characteristicof the infant diet can affect tooth tissue pestuption. The literaturein this
area has not been reviewed as part of t#eCSSRAY 3 Ay (0 KeSiewFahdNwBIG & ST N
instead be considered in future risk assessments of the evidence covering young children
(aged 1260 months) and the health of women of reproductive age. The role of illnesses
during pregnancy (and maternal health in general), antibiotics and dummy use have not
beenexaminedn this report and are considered outside the scope.

8.17 Teeth begin to erupt into the oral environment at arouianonths of age and it would be
normal for infants to have both their upper central and lateral incisors erupted bef@re
months of age (American Dental Association, 2Q08s dental caries take a finite time to
develop once the teeth have erupted, any feeding practices that asgehe risk of dental
caries are likely only to show effects (in terms of dental caries) after the atg2robnths of
age(Selwitz et al, 2007

8.18 The evidence relating to infant feedingéhdental decay is inconsistent. Factors that have
been explored include: the carbohydrate content of breast milk or infant formula; factors
which determine the length of contact between breast milk or infant formula and the
erupted dentition (that is, frquency of feeding and feeding practices which result in pooling
of breast milk or infant formula around the teeth surfaces); and age of colonisation and
f SgSta 2F OFNA23ISYyAO ol OGSNALF o6F2N) SEI YLX S=
growth andadhesion of cariogenic bacteria, particularly oral Streptococci, are inhibited by
breastspecific Lactobacilli and substances including human casein and secretory IgA in
breast milk which are not found in infant formu{Banielsson et al, 200¥olgerson et al,
2013.

8.19 The risk of dental caries is also dependent on the presence of teethsegdwith increasing
number of teeth. The primary teeth most at risk of early childhood ca®espfer and
lower central and lateral incisors) start to erupt @tmonths and are fully erupted by 12
months of age. The most vulnerable primary teethupper and lower first molars) erupt
between 13 and 19 months, and the remainder are erupted by 33 mooitlage(Tham et
al, 2015. TheWCSSRA Y 3 Ay fArKE&ERTsKdddsed orifdntNdedIng practices
up to the age ofLl2 months however, the risks and effects of infant feeding ugd tgear on
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the dentition are often observed in children older than 12 months of age. With
diversification of the infant dieto include foods and drinks other than breast milk or infant
formula, so risk changes depending on the free ssigantent of the foods (and drinks) and
how frequently such food&nd drinksare consumed.

8.20 Potential confounding factors need to be takemo account when considering the impact of
infant and young child feeding practices on risk of dental caries. For example, formula fed
infants may be more likely to be given sugareetened beverages in a bottle than infants
who are being breastfed, whilsome parents/carers are more likely to follow advice on
toothbrushingthan others.

Breastfeeding practices and dental caries

8.21 In a systematic review, Thast al identified 63 papers reporting on associations between
breastfeeding and ECC and used thisdence to assess the potential impact of
breastfeeding when undertaken up to 12 months of age and for over 12 months of age, on
risk of dental carie§Tham et al, 203).

8.22 The quality of the studies within this systematic review was assessed using the Newcastle
Ottawa Scale (NOSssessmentwhich examined the following categories (which are
independently scored a maximum of two per category): representativeness,tiselexf
non-exposed cohort, ascertainment of exposure, outcome of interest not present at start,
comparability, assessment of outcome, adequate follgtime and adequate followp of
cohorts.

8.23 Tham et aidentified two crosssectional studies that comp&rR 06 NBI 4G FSSRAy 3 W
GKS FANRG MH Y2y(iKa @OSNERdza oOoNBIl a@has &RAY 3 Wy
2015.¢ KSaS aidzRASa sSHNBADIOEARMNNR AaBR | dz WRi & dza
for Cohort StudiesBoth studies demonstrated a protective effect of breastfeeding when
considering dental caries compared with other feed{By et al, 2000Qadri et al, 201p
however, they were undertaken in China and Syria respectively and the generalisability to
UK populations may therefore be limiteBurthermose, data were collected retrospectively;

OKAf RNByQa FSSRAYy3I LINIOGAOSa 6SNB |aaSaasSR
between2to 4 years and to 5 years of age, which might result in recall bias and weakened
confidence in the strength of the findys.

8.24 Thamet al also identified a prospective cohort study which was designed to assess the
association between infant breastfeeding and caries experience in US childlbeg et al,
2014). The study had a sample of 509 subjects recruited from birth for whom the following
data were collected?2 clinical dental exams (&8 and 9 years old), and demographic and
breastfeeding information collected via questionnair@kis study was rated as good using
the NOS assessment although Theihalreported that the study did not have an adequate
follow up of their cohor{Tham et al, 2016
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8.25 The study observed that &years of age, 16% of children who were breasfimdess than
6 months had caries (mean decayed filled surface=0.55) while only 9% of children who were
breastfed for at leasé months had caries. Frofto 9 years old, caes incidence was 32%
and 31%, respectively, for children breastfed less tGanonths and for at leasé months.
In multivariable regression analyses, shorter breastfeeding duration was positively
associated with caries experiencemyears old (p=0.005both before and after controlling
for other important factorsHong et al, 2014 Thamet al concluded that infants who were
breastfed in the first 12 months dife had fewercarious teethcompared with formula fed
babies(Tham et al, 2016

8.26 Thamet al also reviewed the evidence relating to dental caries and breastfgedin
demandin urban IndigPrakash et al, 20)2ndbreastfeedingad libitumduring the nightin
Brazil (Azevedo et al, 2005and in Sri Lank&Perera et al, 2014 Three further studies
examined the impact of sleeping with the breast in the moy8ayegh et al, 2005
Johansson et al, 201®Retnakumari & Cyriac, 2012These studies were undertaken in
deprivedcommunitesin Jordan, Boston (USA) and Kai@ndia)and the generalisability to
Ukbased populations may therefore be limitedsing the NOS, the studies were assessed
and scored for quality and were found to be of variable quality, with only one study
controlling for confounderg¢Sayegh et al, 2005

8.27 Although frequenty analysed as separate behaviours, nocturnal breastfeeding,
breastfeeding on demand, and an infant falling asleep with the breast in the mouth, are
often interrelated. The studies considered by Thatal found significant correlations
between these bredteeding practicesn early childhoodand an increased prevalence of
dental cariegTham et al, 201b6

8.28 Thamet al included studies where children were breastfegybnd 12 months. When
infants are no longer exclusively breast or formula fed, confounding factors, such as the
consumption of potentially cariogenic drinks and foods and toothbrushing practices, need to
be taken into account when investigating the impatinfant feeding practices on caries
development. Thanet al noted that the studiegSayegh et al, 2003ohansson et al, 2010
Retnakumari & Cyriac, 20Lalid not control for possible confounders such as the
introduction ofsolidfoods and toothbrushing with a fluoride toothpasféham et al, 2016

8.29 A single prospective cohort study of Brazilian children by Feleéera investigated the
relationship between feeding practices in the first year of life (aggbs$6 and 12 months
of age n=500 at baselineand the occurrence GGECC atl years of agen=340; any sign of
smoothsurface caries is indicative &ECC (Feldens et al, 2030 This study was rated
WI22RQO FT2NJ AGa ljdafAaAde dzaAy3a G§KS bh{ aol S ;:
to comparability of the cohorts within the studyham et al, 2016

8.30 A higher adjusted risk GECGt 4 yearsvas observed when dietary practicesl&months
included: breastfeeding over times daily (RR 1.97; 95% CI 1td3.68) compared with
once or twice daily or not bresdtfed; intake of foods with a high density of sugar (RR 1.43;
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95% CI 1.0& 1.89); bottle use for liquids other than milk (RR 1.41; 95% CIt¢.086);
and more than8 meals and snacks consumed daily (RR 1.42; 95% Ct011097). The
authors acknowleded that the increased risk &ECC might be related to other cariogenic
FLOG2NAR 6 A (KA VheylakdSnotéiktiafnatethal scRoblfBdifdr more thas
years was associated with decreased dental caries in the {hdttiens et al, 200

Tham et al concluded that with regard to associations between breastfeeding over 12
months and dental carieéfurther research with careful control of pertinent canfnding
factors is needed to elucidate this issue and better inform infant feeding guidel{fieam

et al, 2015.

Breastfeeding versus bottle feeding and dentalres

Avilaet al systematically reviewed the evidence relating to the association between feeding
practice (breastfeeding versus bottle feeding) aisk ofdental caries in childhoo(Avila et

al, 2015. Seven studies were identifiedd crosssectional studiesl casecontrol and 1
cohort study High risk of bias wa#dicated when the item did not fulfil the NOS
assessmentriteria. Four items wergudged as haviig a high risk of bias a number of
studies in this review adjustment for confounding factors, representativeness, feeding
habits assessment and dental examination calibratilhof the studiescollected data on
feeding practices by questionnajreowever, none of the studiesreported the content of

the bottle during bottle feedingThere was therefore a lack of clarity regarding the impact
of bottle versus breastfeeding because bottle fed children may have been consuming infant
formula alone and/or otkr drinks.In addition, all the studies were susceptible to residual
confounding as none of them were adjusted for all the confounding fagtavéa et al,
2015).

The ltalian cohort study y Of dzZRSR Ay | @A 2395addlexsGagell 345 30NS O NHzA
months(Majorana et al, 201 Data on feeding practices, dietary h&himaternal smoking,
sociceconomic status and fluoride supplementation were collected from mothers via
guestionnaire at birthg, 9 and 12 months This includedh prospectivedietary diaryto help
reducerecallbias A clinical exam was undertaken whdretchild was aged 24 30 months

using the International Caries Detection and Assessment System (ICDAS). The study found
significantly lower caries severity and prevalence in toddlers who were exclusively breastfed

in infancywhen compared with those whaere mixed fed (Majorana et al, 201% Avilaet

al judged this study as having a high risk of bfas 1 of the 4 criteriaz lack of
representativenesgAvila et al, 20156

Al-Dashti et al undertook a cross sectional study in Kumai27)to identify the prevalence
and extent of caries in early childhod@l-Dashti et al, 19956 The study found that
breastfed childrenwere significantlymore lkely to be caries free than those who were
bottle fed from birth (p<0.05) although'nursing caries' was positively associated with the
practice of breastfeeding at night 'at will' aftérmonths of age (p<0.01PBottle fed children
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were more likely to deslop caries including nursing caries, particularly when the practice
was continued to an older agéhose who were breastfed and mixéetl (bottle and breast)
were less affected bywursing caries than those children whbad never been breastfed
(p<0.@) (Al-Dashti et al, 1995Avila et al, 201p Avila et al judged this study has having a
high risk of bias for the 4driteria: lack of representativenesadjustmentfor confounders
dental examination calibratioand ascertaiment offeeding habitgAvila et al2015).

8.35 Du et al randomly selected a convenience sample of children aged 24 to 47 mondl2s (
mean age @ months) attending kindergartens in Hanchuan Cif¢hing and established
their decay status by oral examinatidDu et al, 200 Questionnaires were completed by
OKSAN) Y2UKSNB G2 SadloftArAakK GKS OKAftRQa AYyTIl
birth. The study found that children who were lfulbottle fed (8%) had a statistically
significant higher prevalence of rampant caries (p<0.01) and incisor caries (p<0.05)
compared with children who had been either fully or partly breastfed (92)et al, 200D
Avila et al assessed Du et al as having a high risk offdrigs of the 4 criteria: lack of
representativenesand ascertainment of feeding habitavila et al, 201p

8.36 Qadri et a] athird cross sectional study assessedAvilaQ &  NJh@ud&l#00 children
aged3to 5 years old randomly selected from 20 kindergartens in S@&dri et al, 201p
Children who had been breastfed were found to be less likely to have ECC (OR 0.27; 95% ClI
0.18 to 0.41; p<0.001) and had fewer decayed, missingled fiteth (OR 0.61; 95% CI 0.39
to 0.97; p=0.038). A higher number of teeth were affected by ECC in bottle fed children
(p=0.036)Qadri et al, 2012 HoweverAula et al could not include this study in the meta
analysis as the data could not be extracted. They also rated the study to be at a high risk of
bias for 2 of their criteria: lack otalibration of examinerand ascertainment of feeding
habits(Avila et al, 201p

8.37 Thefour studies described abové€Al-Dashi et al, 199% Du et al, 2000Qadri et al, 2012
Majorana et al, 2014found that breastfed chidlren were less frequently affected by dental
decay than bottle fed childreifp<0.05) while the 3 other studies includég Avila et al
found no such association (p>0.0B)metaanalysis ofwo of the crosssectional studiegAl-
Dashti et al, 1995Du et al, 200pshowed that breastfed childrewere less affected by
dental caries than bottle fed children (OR 0.43; 96P0.23 to 0.80)The authors concluded
that breastfeedingnay reduce the risk afental caries in early childhodqdvila et al, 201p

Drinking vessel used and caries development

8.38 There is a paucity of research in this area; only one systematic review was identified (but
this was not published in English). A single retrasipe study by Behrendét al identified
186 children between the ages @&fto 6 years with EC(Behrendt et al, 2001l The most
favoured drinks offered in bihaped vessels werfruit juices (68%), sweetened te&2¢0)
and unsweetened teas (26%) while lemonades and-doliks were given to the children
less often 8%). The authors suggested that the prevailing outcome was that the types of
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drinks consumedtffat is, those with alded sugar) coupled with the drinking vessel {bill
shaped) were the contributing factors for these children developing @B€frendt et al,
2001).

The authors stated that the Ibishaped cups were similar to baby bottles with teats and
were used between meals and during the night. They did not state whether the vessel was
free-flowing, however the fact children were using these cups whilst sleeping would suggest
that the cup had avalve and operated like a baby bot{Behrendt et al, 2001 It is difficult

to draw conclusions from this study as the use of sweetened beverages and the use of
fluoride toothpaste were not controlled for.

Alignment of teeth and facial growth

Malocclusion describes the alignment of teeth which are considered not to be in a normal
position in relation to adjacent teethiat is, the teeth are not correctly alignedNelson,
2014). The term covers a range of disorders relating to development which stem from a
variety of causes.

Malocclusion has been suggested to vary between breast and bottle fed children. The
biological plausibility is that children who are breastfed have more facial muscle activity
compared with bottlefed children and this promotes craniofacigtowth and jaw bone
RSOSt2LIYSyid® ¢KS INRBgUK 2F GKS FFrOS Aa I¥FFS
during feeding and suckling.

Pereset al undertook a systematic reviewith meta-analysis of 48 studies looking at the
association between bre#fgeding and facial growth and the development of malocclusion
(Peres et al, 2015 Of the 48 studies, 13 were considered of high quality, 20 of medium
guality and 15 of low qualityThe metaanalysis included data for 27,023 children.

Meta-l y I f @2aAa O2YLI NAy3dI GK2aS OKAfRNBY 6K2 g5
ONB I aid¥FSRQ idpandgewrer elipdedito dnly tiph of breastfeeding were less likely

G2 RSOSt2L) YIt200f dza A 2 y ép tollR yeyrs of &g@Parés etday S @S NJ
2015. Those who were breastfed were less likelydvelop anterior open bites and the

quality of the studies did not influence the effect size. The effect on posterior cross bites

was not significant.

When considering children who were exclusively breastfed, they had a lower risk of
nonspecific malocclushs compared with those who were not exclusively breastfElis
difference was not apparent for gaps between the upper and lower front teeth (anterior
open bite) or a reversal of the normal relationship between the upper and lower back teeth
(posterior cossbite). Children who were breastfed for longer were less likely to have
malocclusions than those breastfed for shorter period$ie authors concluded that
breastfeeding decreased the risk of malocclusi@ares et al, 2005 however, the lifetime
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effects of breastfeeding reducing malocclusions were not included in this reViesve are
no conclusions linking historic breastfeeding with orthodontic treatment need in the
permanent dentition.

Conclusions

8.45 Breastfeedingduring the first yearof life has oral healttbenefits The availablesvidence
indicatesthat breastfeeding up td2 months d age is associated with a decreased risk of
dental caries and may offer some protection when compared wifdnt formula.

8.46 The consideration of children breastfed beyoh2imonths was not within the remit of the
evidence review. Howevegbservational eMence suggess that once the primary teeth
erupt, there may be arincreased risk of dental cariemssociatedwith factors such as
breasfeeding ad libitum, nocturnal feeding and sleeping with the breast in the mouth.
However, the quality othe availableevidence is generalliow. With the exception of a
single study in Brazilconfounders such as complementary feeding with cariogenic
foods/drinks, or inadequate oral hygiene practices (for example, not brushing with a
fluoride toothpaste) were not contrad for. Further research is required with careful
control for confounding factors to inform infant feeding guidelines.

8.47 The data pesented in this review reflecthe evidence considered bthe one available
systematic reviewvith meta-analysisvhich foundi K G WS @S NJ 0 NBylbélesst SRQ O
likely to develop malocclusisO2 Y LI NBR 6AGK Wy S aSthNI2dal bfa § F SR
age
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9.1

9.2

9.3

9.4

Risks of allergicand autoimmune disease

Background

Atopic conditions, including asthma, eczema, rhinitis and fadttrgy, appear to have
increased in prevalence in recent decades in many countries, and are some of the
commonest causes of chronic illness in children and young adults living in tf@ugta et

al, 2004 Gupta et al, 200;/Venter et al, 2010de Silva et aR014 Nwaru et al, 2014 Food
allergy is estimated to affect & 6% of children in HIQRona et al, 2007NICE, 2011
Increases in the prevalence of food allergy are reflected by a documented increase in
hospital admission rates for very severe reactions (anaphyldaesyeen 1998 and 2012,
food anaphylaxis admission rates in the UK rose from 1.2 tq@r4.00,000 mpulation
(Turner et al, 201p Other immunologically mediated reactions to food ocdine mainone

in the UK beingcoeliac diseasewhich is induced by a reaction to glutd@OT, 2000
Between 1990 and 2011, thereaw a4-fold increase in the incidence of coeliac disease in
the UK(West et al, 2013

Themechanisms for the development of atopic or autoimmune conditiaresmultiple and

complex in nature, likely to vary between individuadsid may be conditioispecific. The

apparent increase in disease prevalence, combined with data from migration studies,
suggests that earliife environmental factors may be importanhodulators of allergic
sensitisation andatopic disease riskThe relationship between maternal and infant dietary
SELIR&adaNBa |yR | OKAftRQ&a NR&|l 2F RS@GSt2LAy3
diseases has been an area of considerable scientific uaingrtand debate in recent years.

Development of UK advice

UK advicen the introduction of allergenic foods into the infant dieaslargelybeenbased

on recommendations fronthe 1994 COMA report o2 S| y A y IweaniyidgeiA SIS

1994), which stated that:
G2 KSNBE GKSNB Aa | FlLYAfe KAaAG2NEB 27F | G2L®R
encouraged to breastfeed fo8 months or longer. Weaning beforé months should
particularly be discouraged dnthe introduction of foods traditionally regarded as
allergenic should be delayed uriimonths at the earlies¢

Advice to the public regarding the avoidance of peanuts has changed over time as new
evidence has become available. In 1998, COT recomndetitd pregnant women who
were atopic, @ for whom the father or siblingof the unborn child had an atopic disease,
might want to avoid eating peanuts and peanut products during pregnancy and lactation. It
was further advised that when tlse infants were introduced to solidfoods during
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9.5

9.6

9.7

9.8

9.9

complementary feedingall peanuts and peanut products should be avoided and that this
should continue until the child is at lea®ears of ag€éCOT, 1998

The COT report oMAdversereactions to foods andobd Ingredient®(2000 identified
knowledge gaps relating to the prevalenaad pathogenesi®f atopic reactions to foods
(COT, 2000 Theseincluded the effect of early exposure in utero and in infancy on the
development of oral tolerance or sensitisation to foodigans.

In 2007, COT commissioned a review to examine whether the dietary recommendations
made by COT iits 1998 report remained appropriate, taking into account developments in
the scientific evidence bas@&he subsequent COT reviewm peanut allergyalso highlighted
uncertainty about the determinants of peanut sensitisation and alleligstated the need to
gauge the importance of skin and respiratory, as well as oral, routes of exposure to peanut
and other food allergens when determining the importanaf timing and dose of exposure
when exploring the development of tolerance or allergy to food antig&@@T, 2008

COTalso consideredhat the evidence that hé become available since @y G R2Sa y 21
indicate whether maternal dietary consumption of peanut during pregnancy or lactation is

more likely to increase or decrease the risk of sensitisation and allergy to peanut in the

O K A (C®T 2008 COTtherefore concluded that thé& previous precautionary advicgo

avoid peanut consumption during pregnancy, breastfeeding and infancy, where there is

atopy or atopic disease in family membgrgas no longer appropriat¢COT, 2008 They

considered that the basis for more general recommendations remained justified and
GKSNEF2NBE NBO2YYSYRSR GKIFG aAray 0O02YY2y GAGK |
parent or silting with atopic disease should be breastfed exclusively for ard@umibnths;

and infants and children who are allergic to peanuts or peanut products, should not
O2yadzyS (KSY 2NJ F2€&QB2008KI G O2y il Ay GKSYE

In 201Q a joint SACNCOTworking group was convened to assess the evidence on the
timing of introduction of gluten into the infant diet and the subsequent risk of developing
coeliac disease or type 1 diabetes. The request was nradesponse to the publication of
an EFSA Panel on Dietetic Products, Nutrition and Allesgiestific opinion proposing that
gluten should be introduced into the infant diet no later th&rtompleted months of age
The aim of this advice was teduae the risk of subsequent development of coeliac disease
and type 1 diabetesThe joint SACNCOT working group concluded that there was
insufficient evidence to support recommendations about the appropriate timing of
introduction of gluten into the infant digbeyond3 completed months of age, for either the
general populatioror highrisk subpopulations(SACN/COT, 2011

Consumeifacing guidance recommendsat allergenic foods, such as peanuts, nuts, sged

S33> 0264Q YAf{|1Z &az2eéel s ¢gKSIFId o6FyR 2GKSNJ OSN
barley), fish and shellfisti K2 dzft R 6 S AYUNRRdzZOSR Ayd2 (GKS AyT
and one at a time, watching carefully for any symptom of an allenegctiore. Where
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parents offer solid foods before6 months of age, it is advised that these commonly
allergenic foods are avoided until the infan6isnonths old(PHE et al, 2018

Commissioned systematic reviews af@DTconsideration of infant
diet and developmentof allergicand autoimmune disease

910 ¢2 AYT2NXY {!/bQa NBOGASg 2F FTSSRAYy3I Ay (KS T
COTto examine the evidence relating to the influence of infant diet on the devakaqt of
atopic and norallergic immunologically mediated conditions including autoimmune
disease.

911 ¢ 2 adzlJI2 NI / heQa 02y aAiRS Neridsrokystanatic feki€sofC{ ! 02
the published scientific literaturéup to March 2016)The systematicreviews considered
various aspects of infant feeding amdlergic sensitisation, atopic disease, or autoimmune
diseaseEvidence included in the systematic reviews was evaluated usingR#&DE system
which provides a systematigpproach to assesthe certainty for each findingGuyatt et al,
2011). The interpretation of GRADE evidence assessmgatfallows: where the quality of
the evidence is rated a8 K A tHeeCds considerable confidence that the true effect lies close
to that of the estimate of the effect; when rated &Y 2 R S Nberé $Qmoderate
confidence in the effect estimate: the trudfect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different; when rated4s 2 ¢ Q
confidence in the effect estimate is limited: the true effect may be substantially different
from the estimate othe effect. Where the quality of evidence is rated¥&) S NEBthefe B 6 Q
very little confidence in the effect estimate: the true effect is likely to be substantially
different from the estimate of effect.

9.12 More information about the review methamogy is availablein Boyle et al (2016a)The
commissioned systematieviewswere evaluated by COTCOT, 2016aCOT, 2016bCOT,
2017 and published in the peeareviewed literature(Boyle et al, 2016derodiakonou et al,
2016 GarciaLarsen et al, 2018

9.13 Thescope of theseeviewsis described below.

1 Duration of total and exclusive breastfeeding and timing of solid fiot@duction and
GKS OKAfRQa&a FdzidzNE NARa|l 2F RS@GSt2LAy3 | ffS
disease.

1 Thisreviewincluded the timing of transition from exclusive/predominant breastfeeding
to partial or no breastfeeding in the first yeaf life, the total duration of breastfeeding
up to 2 years of life and the timings of transition from liquid infant milk feed to
complementaryfeeding(other than infant formula) in the first year of lif{&arciaLarsen
et al, 2018.
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1 The potential role of dietaryexposures during pregnancy/lactation and infancy to
AYyTFEdzSyYyO0S OKAf RNBY Q allergiocnii adgbidEmunehdidas¢Gaicia RS @St +
Larsen et al, 2018

 Infant formulaO2 y G AyAy 3 KERNRTf & 34SRs poeniali @le MA f | LI
reducing the risk ofnfants and young children developirglergic or autoimmune
diseasgBoyle et al, 2016derodiakonou et gl2016.

f ¢KS GAYAY3 2F AYOINRRdAzOGA2Y 2F &LISOAFAO | ff
tree nuts, fish, wheat, soya) into the infant diet during the first year of life and whether
this influences theOD K A £ RQ& ¥ dzli dzZNB  NJA énjitisadioh, alR@cdiSdase LIA y 3
or autoimmune diseaserlhis review also explored whether the observed effect varies
according to exclusive/predominant and continued breastfeediegodiakonou et al,

2016).

COTconclusionn breastfeeding and solid food introductioand risk of
allergicor autoimmunedisease

9.14 Based on the findingsf the systematic reviewWGarciaLarsen et al, 20)8COT concluded
that overall there wa very little evidence to suggeah association betweehreastfeeding
or the timing of introduction of nomilk foodsandthe development of atopic outcomes or
allergic diseas€COT, 201)/ The data were largely derived from observational studies in
normal risk popuwdtions and were heterogeneous.

COTconclusions omaternal and other infant dietary exposuresnd risk of
allergic or autoimmune dsease

9.15 COT concluded thdtom the availablestudiesincluded in the systematic revieyGarcia
Larsen et al, 200)8here was little evidence thathe maternal andother infant dietary
exposuresexamined(other thanthe timing of introduction of allergenic fooddescribed
belowin 9.18t0 9.20A Y ONB I a SR OKA f RNB y QallergicoizaudaN®Bundlh & 1 2
diseass (COT, 201

9.16 COT agreed with the conclusions reportedthe systematiaeview (GarciaLarsen et al,
2018 asdetailed below.

1 There was raderate quality evidence to suggest a relationship between the use of
probiotics in pregnancy and infap, and particularly during lactation, and a reduced risk
of eczema and eczema associated with allergic sensitisatidwgharisk children aged
under 4 years of age. There wdsw quality evidencethat the use of probiotics during
pregnancy, lactation anthfancy reduces the risk of allergic sensitisation.

1 There was raderate quality evidencéhat the use of polyunsaturated fatty acid (PUFA)
supplements reduces the risk of allergic sensitisatiofKt8 ye@gs in high risk infants
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9.17

9.18

and that prenatal adminisaition may be important. There was no evidence that PUFA
supplementation affects the risk of development of other immueéated outcomes.

1 There was a indication that avoidance or consumption of allergenic foods by mothers
during pregnancy or lactation wéireduce atopic outcomes or autoimmune disease in
their children. There was also no clear or consistent evidence that maternal or infant
consumption of mineral and vitamin supplements, fruit and vegetables, fish, fats, fatty
acids or particular diets wodlinfluence the outcomes studiedhowever, the evidence
available was limited for these exposures

1 There was dw quality evidenceto suggest a relationship between multifaceted

interventionsand areduce risk of wheeze or recurrent wheeze at ageo514 years,
YR Iff SNHAO NKAYAGAA G 13S Xn &SI NBROD

COTO2y Of dzaAz2ya 2y AYTFlLyla F2N¥dzZ | O2y Gl A
and risk of allergic and autoimmune diseases

COT agreed with the findings reported in the systematic reyigoyle et al, 2016kthat the
availableevidencedid not supportthe use of partially hydrolysed formula or extensively
hydrolysed formulato influencethe risk ofdeveloping allergic or aubmmune outcomes

There was also no association with tifieA £ { FNJ OGA 2y dzaASR (2 LINR Rdz
milk formula (caseirversuswhey). COT further noted that although the majority of data

were derived from high risk groups, the conclusions areylitebe applicable to a lower risk
population(COT, 2016a

FHndings from the systematic review an@dOTconclusions onhe timing of
introduction of allergenic foodsind risk of allergic and autoimmune diseases

Thefindings of thesystematic review mthe timing of introduction of a numbesf the major
F22R fft SNASya oYAf1X KSyQa S JaAdsoypndlater & KSft f
risk of allergic and autoimmune diseagierodiakonou et al, 20J)Gre described below.
1 There wasmoderatequality evidencethat eary introduction of peanut (betweed to 11
months)was associated with reducek of developing peanut allergy
f There was moderate quality evidence tredirlyA Y § NP RdzOG A2y 2 F4tKSy Qa !
6 months)was associated with reduceisk of developid KSy Qa .S33 | ff SNBH®@
1 There was lowquality evidence thatearlyintroduction of fish pefore 6 to 12 months of
age was associated with reduced allergic rhinitis and very donality evidence that fish
introduction before6 to 9 months was associated witleducedallergic sensitisation.
1 There was high quality evidence that thetiming of introduction of gluten wasot
associated witltoeliac diseasesk

1 There was no association between the timing of introduction of other allergenic foods
and risk of foodhllergy or allergic sensitization.
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9.19 Following considerationof the full systematic review and accompanying publication
(lerodiakonou et al, 2006 COTconduded that:
GThe metal y I f 2aSa LISNF2NX¥YSR AYRAOFGS GKIFG F2NJ
introduction (at4c Y2y i Ka ¥F 2 NI1Kndyie for pdand) oflajeenic food
reduces subsequent development of an allergy to that food, basegistadies forK Sy Q &
egg and? studies for peanut[X] To date, there is insufficient evidence for conclusions
to be drawn on the effect of timing of introduction of common alleng foods other
than peanut and K S yeQgiin relation to deveping an allergyd that fook (COT,
2016h.

9.20 COT further concludedfom the evidence availabléhat early introduction of allergenic
foods does not increase the risk of allergy or autoimmune disease. Indeed, the deliberate
excluson or delayed introduction of specific allergenic foods may increase the risk of allergy
to the same foodsHowever, he reviewindicated that further consideration should be
IAPSYy (2 FTROAOS 2y (KS GAYAyYy3 27F (ekBantA y i NBR

diet.
JOintSACN h¢ AdGFGSYSydy WwWrHaasSaaay3ad GK
2F 0KS AYUNRRdAzOGAZ2Y 27F LISIFydzi I yR

before6Y2y G Ka 2F 3S Ay (KS !'YQ

9.21 Followingconsideration byCOT, goint SACNCOTworking group was conve with an
independent chaito undertake a benefitisk assessmenin the timing of the introduction
2F LISFydzi |yR KSyQa an8 d risk of deReloping Sllerdyyiofthegeli R A ¢
foods. The working group agreed with h ¢ ¢@m@clusions but notedhat the previous
assessment had consider&l NI & O2 YL} NBR gAGK 1 0SNJ Ay {iNRR
egg, without stipulating the specific timingrherefore, the SACN/COWworking group
considered the available evidence for the introduction of petaand K S yeQgibefore 6
months of age versus after 6 monthsking account of the quality of evidence, change in
effect, population group and health impact

9.22 The joint SACN/COT working growmsed benefit:risk analysis for foods (BRAFO)
methodology(Hoekstra et al, 20020 explore issues related to the introduction of peanut
YR KSyQa e6Smmhs of Sage2 andb this process, together with the existing
evaluations of theelevant evidence by SACN and COT, allowed clear conclusions for both
LIS ydzi | yR KSy QaThS @i warkihg grabp ndtBd tfaKti$eRsystematic
reviews identified limited evidence on the timing of introductidhRCTs on peanwnd 7
RCSfor K Sy Q 8BBRAFB Brdvided a framework to systematically explore the full range of
benefits and risks, though the nature of the evidetioaited the detailed application of the
second stage of the methodolog@ACN/COT, 2017
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9.23 The jointSACNCOT workingroup conclusions are stated below

T

Therewas insufficiendatai 2 & dzLJLJ2 NIi (i KviBdow &f dppoiuBiydSthe2 T | W
introduction of peanut beforé Y2y 1 Ka 2F | 3S® 9@BARSYyOS GKI
egg before6 months might be beneficial was limited and derived from RCTs where
participants were not representative of the general population.

The benefit-risk assessment indicated that there were insufficient data to demonstrate
GKFG GKS AYUNRRAzOGA2Y 27F LIS y dionhNdfdgSy Q& S
reduced the risk of developing food allergy to any greater extent than introduétgm

around6 months.

There wasreasonableevidence to demonstrate that the deliberate exclusion or delayed
AYUNRRdAzOGA2Y 27F LIS bt ti2imonzhdldf &8 pidy incredse The risls @ 2 Y R
of allergy to the same foods. Importantly, once introducttgse foods should continue

G2 6S O2yadzyYSR Fa LINIG 2F GKS AyTFlryidiQa dzid
G2 LISIFydzi 2N KSyQa S33 RBadifics diLifayitd with & G S NI A
history of earlyonset eczema or suspected food ajg may wish to seek medical advice

before introducing these foods.

TherewereRAFFSNBY O0Sa Ay (GKS SPARSYyOSweemaeS T2 NJ
w/ ¢a Ay@SadAadalrdaAiay3a SENIASNI AYGNRBRdzOGAZY 2
diverse areas; eddr age at presentation of clinical allergy (which might be related to

KSy Qa S33 o6SAYy3I AYINRRdAdzOSR SI NI ASN RdzNR
KSGSNRr3ISySAGe Ay GKS F22 Rwa¥dortstided Despite 6 KA Of
differences in the available ewadce, there is a need to maintain simple and consistent

public health advicgt & G KS LINBaSyd GAYS LISEHydzi FyR KS
same way.

9.24 The jointSACN/COWorkinggrouprecommendations are stated below

T

The government shouldontinueto recommend exclusive breastfeeding for around the

first 6 months of life.

ARPGAOS 2y O2YLX SYSYy(dlFINE FSSRAYy3I akKz2dzZ R adl
egg need not be differentiated from othesolid foods. Complementaryfeeding should

be introduced in ageappropriate form from aroundé months of age, alongside

continued breastfeeding, at a time and in a manner to suit both the family and individual

child.

TKS RSt AO0SNIGS SEOf dza A 2y 620712 rhdSthsydtizige r@ap) K Sy Q
increase the sk of allergy to the same foods. Once introduced, and where tolerated,
1KSaS F22Ra a4K2dzZ R 6S LINI 2F GKS AyTFlyidQa
FILYAEt&@d LT AYAGALE SELR&dINBE A& y2i @2yiAydz
increase the risk of sensitisation and subsequent food allergy.

Families of infants with a history of earbnset eczema or suspected food allergy may

wish to seek medical advice before introducing these foods.
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1 These recommendations build on the comsions from the COT statement théfrom
the evidence available, early introduction of allergenic foods does not increase the risk
of allergy or autoimmune disease. Indeed, the deliberate exclusion or delayed
introduction of specific allergenic foods mayciease the risk of allergy to the same
foodse

Conclusions

9.25 Therewasinsufficientevidence toindicatethat breastfeedinginfluencesthe development
of allergicor autoimmunediseass.

9.26 The availableevidenceindicates that the deliberate exclusion or dgéd introduction of
LIS ydzi 2 NJ KS§teE mbrihd of agh tn@yynBrease the risk of allergy to the
same foods.

9.27 The available evidendedicatesthat £ f SNASYA O F22Ra adzOK | a LISt
fish can be introduced from around 6 mdst of age and need not be differentiated from
other solid foods:

 there is insufficient evidence tdemonstrate that the introduction of peanubr K Sy Q a
egginto the infant diet before 6 months of age reduces the risk of developing food
allergy to any gre@r extent than introduction fromaround6 months

1 there is highgquality evidence that the timing of introduction of gluten is not associated
with the risk of developing coeliac disease

1 there is low to very low quality evidence that early fish introductitefore 6to 12
months of ageyvas associated with reduced allergic rhinitis aeasitisation

1 there is insufficient evidenckr conclusions to be drawn on the effecttbie timing of
introduction of other allergenic foodé relation to developing aallergy to that food.

9.28 There was nandication that avoidance or consumption of allergenic foods by mothers
during pregnancy or lactation would redutiee risk ofallergicor autoimmune disease in
their children.

9.29 The available evidence does not supptne use of extensively hydrolysed or partially
hydrolysed protein formula to influence the risk of developing allergic or autoimmune
disease

9.30 There was little evidence that maternal and other infant dietary exposures increased
OKAf RNBYy Qa 7T dznglaNshic diauioimmane didessesS t 2 LJ
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10

10.1

10.2

10.3

10.4

Risks of chemical toxicity

To complement the SACN review of the scientific evidence underpinning current dietary
recommendations for infants and young children in i COTwasasked to examine the
risks of toxicityfrom chemicals in the diet of infants and to consider whether current
government advice should be revised.

COTreviewed the toxicity of a number of chemicals which were selected on the basis of
their known or suspected adverse effects and the potentialdietary exposure for infants
via breast milk, infant formula argblidfoods.

Consequently, COpublished an overarching statement on risks of chemical toxicity and
allergic disease in relation to the infant dié€COT, 201R This included evaluations for
caffeine, alcohol, methylmercury, dioxins and diekike compounds, vitamin A, soy
phytoestrogens, phthalates, bisphenol A, aluminium, lead, legacy pesticides, brominated
flame retardants, and persistent organic pollutants. These are summariSeablal0.1.

In addition, COT decided that a more detailed review was required for a number of
substances (vitamin A, aluminium, lead, soya phytoestrogersninated flame retardants,

and environmental pollutants) and that these would be individually assessed and published
as separate COT statements. These evaluations are summarisatl@i0.2 along with the

links to these staments.
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Tablel10.1 Summary of the substance evaluations included in the 2@@Toverarching
statement on potential chenrcal risks from the infant diet

Dioxins and dioxin
like compounds

Phthalates

Bisphenol A (BPA)

Legacy pesticides
(including aldrin,
dieldrin,endrin,
chlordane,
heptachlor,

mireXx, toxaphene,
DDT)

Chemical Summary of COT conclusions on sudrstes and contaminants

considered (COT, 201p

Caffeine Available information did not provide a basis for refining the
advice that breastfeeding women should have no more than
200mg caffene over the course of a day (which roughly equates
two mugs of instant coffee, or two mugs of tea, or one mug of
filter coffee).

Alcohol Evidence supported the recommendations that breastfeeding
mothers should consume no more than 1 or 2 units of latdo
once or twice a week

Methylmercury The exposure of infants to methylmercury from breast milk, infg

hexachlorobenzene, infants.

formula andsolidfoods did not exceed the safety guideline.

Dietary exposures of infants may exceed the safeiggjine, but
because this would only be for a short time, it would not be
expected to produce a buidp in the body to levels that would b
harmful. Furthermore, there was clear evidence from multiple
studies that exposures were decreasing over time.

Exposures of infants to phthalates from breast milk, infant form
andsolidfoods were found to be unlikely to exceed the safety
guidelines.

The exposures of infants to bisphenol A from breast milk, infan
formula andsolidfoods were well below the safety guideline.
Moreover, exposures were likely to be even lower in the future
a result of decreased use of the chemical in plastic bottles use
infant feeding. COT stated it would review its conclusions
following the compttion of the ongoing EFSA-esaluation of
BPA.

In 2015 EFSA published a new opinion on BPA, concluding thg
exposure estimates for infants and prenatally exposed children
not indicate a health concerfiEFSA, 2015b

These are a group of pesticides that were banned during the 1
and 1990s, but which, because of their pstance in the
environment, can still be detected in the food chain. The few
studies that were available indicated that levels in breast milk
were declining, and did not point to a concern for the health of
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Table10.2 Summary of COT evaluations requiring more detailed assessment and the
individual statement references

Cher_mcal COTconclusion Reference / web link

considered

Soya There was some uncertainty about the COTStatement on the

phytoestrogens safety of soyeasal formula. COT potential risks from high
concluded that there was no scientific levels of soya
basis for a change in the government phytoestrogens in the
advice: infant diet (2013)

ﬂ there is no substantive medical nee https://cot.food.gov.uk/sites/default/
' L files/cot/cotstaphytos.pdf
for, nor health benefit arising from
the use of, soydnased infant
formula
1 soyabased infant formula should
only be ugd in exceptional
circumstanes to ensure adequate
nutrition.

Aluminium Estimated expsures to aluminium from COTStatement on the
dietary sources were considered rtot  potential risks from
indicate a toxicological concernora  aluminium in the infant
need for modifiedgovernment advice. diet (2013)

http://cot.food.gov.uk/sites/default/fi
les/cot/statealuminium.pdf

Lead Total exposures to lead were unlikely tt COT Statement on the
pose a material risk to health in the lar¢ potential risks from lead
majority of UK infants. However, there in the infant diet (2013)
Was a Concern trtadverse effects Coulc httD://C OthOdqOVUk/SlteS/defaUWfl

. R les/cot/cotstatlead.pdf
occur where concentrations of lead in
water or soil were unusually high.
Vitamin A Overall COT concluded that there was COT Statement on the

potential for some infants to exceed the potential risks from high
TUL under the following circumstances levels of vitamin A in the
{1 if exclusively breastfed by mothers infant diet (2014)
taking dietary supplements  Hedeetioodon usteslictuns
containng high levels of vitamin A
M if fed with infant formula at the
upper limit of the retinol content
allowed by regulation
1 if given high dose vitamin A
supplements
1 if consumiry liver more than once
per week
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http://cot.food.gov.uk/sites/default/files/cot/statealuminium.pdf
http://cot.food.gov.uk/sites/default/files/cot/statealuminium.pdf
http://cot.food.gov.uk/sites/default/files/cot/cotstatlead.pdf
http://cot.food.gov.uk/sites/default/files/cot/cotstatlead.pdf
http://cot.food.gov.uk/sites/default/files/cot/cotstavita.pdf
http://cot.food.gov.uk/sites/default/files/cot/cotstavita.pdf

Chemical
considered

COTconclusion Reference / web link

Endosulfan
isomers,
pentachlorobenz
ene and
chlordecone

h-y -y R
hexachlore
cyclohexanes
(HCHs)

Polybrominated
biphenyls (PBBs

Polybrominated
diphenyl ethers
(PBDES)

The possibility of adverse effects from
such excedances could not be
excluded, but should they occur, it was
considered likely to be in only a very
small proportion of infants.

Available information did not indicate a COT Statement on
toxicological concern regarding dietary endosulfan isomers,
exposures tany of the3 chemicals, pentachlorobenzene and
since exposures were below the releva chlordecone in relation to
safety guideline, or if none had been s¢ infant diet(2014)

Were IOW and decreaSIng httDS://WWW.fOOd.QOV.Uk/SiteS/defaUl
t/files/cotstaonpops.pdf

Overall COT concluded that its [ he {GF GSY-Sy
evaluation did not provide a basis for I y Rhexachlore
recommendations oithe infant diet cyclohexanes in the infan

relating to HCHSs, patrticularly as levels diet (2014)

food appeared to be decreasing over http://cot.food.gov.uk/sites/default/fi
. K . . les/cot/cotstatmhchs.pdf

time. However continued monitoring of

HCHs in breast milk, infant formula anc

food, with appropriately sensitive

methods, was considered useful to

confirm thatthere are unlikely to be any

risks.

wStAFo6tS SaGAYL (A:COT Statement on
to PBBs was not possible, and thus no polybrominated biphenylg
meaningful risk assessment could be (PBBS) in the infant diet
performed. (2015)

http://cot.food.gov.uk/sites/default/fi
les/pbbstatementfinal.pdf

Analysis indicated possible concerns COT Statement on the
regarding the exposures of infants to  potential risks from

commercial mixtures of PBDES: polybrominated diphenyl
1 BDE99 and-209via ingestion of ethers (PBDES) in the
dust infant diet (2015)

1 BDE47,-99 and-153 via breast milk 2 bleafoondon. cositendeiaulh
1 BDE99 and-153 from fad.

Given that the main dietary sources of

exposure to residual environmental

PBDEs are breast milk and dairy

products, COT considered the options
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Chemical

: COTconclusion Reference / web link
considered
for risk management werkmited.
Hexabromocyclo Estimated exposures via breast milk ar COT Statement on the
dodecanes food were not a cause for concern, but potential risks from
(HBCDDs) high levels found in some samples of hexabromocycle
domestic dust were. Further dust dodecanes (HBCDDS) in
sampling should be carried out to obtai the infant diet (2015)
a more reliable asses®gnt of the http://cot.food.gov.uk/sites/default/fi
L. . ) les/HBCDDsstatementfinal.pdf
distribution of potential exposures
through ingestion of dust, and especial
to establish whether levels begin to fall
since production and new usage of
HBCDDs has largely ceased. New stuc
on the levels of HBCDDs in infant
formula and commezially produced
infant food were also considered to be
useful, but of lower priority.
Tetrabromo COT concluded it was not possible to No statement issued
bisphenol A perform a meaningful risk assessment
(TBBPA) due to the lack of an appropriate

Perfluorooctane
sulfonate (PFOS)

Acrylamide

Arsenic

reference point and limited gposure
data.

Exposure estimates were found to be COT statement on the
below the safety guideline, and even  potential risks from

when allowance was made for any perfluorooctane sulfonate
additional exposures to PFOS precursc (PFOS) in the infant diet
they did not indicate a need for (2014)

formulatlon Of dletary recommendatlon: http://cot.f ood.gov.uk/sites/default/fi
. les/cot/cotstatmpfos.pdf
to protect the health of infants.

COT concluded that the lomargins of COT Statement on
exposureg(MoEs) from infants and youn potential risks from
OKAf RNBy Qa SELJ & dzl acrylamide in the diet of
infant formula and food were a potentie infants and young
concern fo genotoxicity and children (2016)
carcinogenicity. For other health effects hips:/cot.food.gov.ukisites/default/
L. files/finalacrylamidestatement.pdf
such as neurotoxicity, exposures do nc
suggest any concern.

Overall, the inorganic arsenic exposure Statement on potential
for exclusively breastfed or formufad  risks from arsenic in the
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10.5

10.6

Chemical
considered

COTconclusion Reference / web link

UK infants aged 0 to 4 months generat diet of infants aged 0O to

MOEs that were generally greater than 12 months and children

10 and would therefore be considered ' aged 1 to 5 years (2016)

low concern. There could be a small ris https://cot.food.gov.uk/sites/default/
. . files/finalstatementonarsenic_0.pdf

to high level consumers of infant

formula that has been reconstituted

with water containing a high level of

inorganic arsenic as thisenario

generated MOEs that were marginally

less than 10. Total exposure to inorgar

arsenic, from dietary and nedietary

sources, in infants and young children

aged 4 to 12 months and 1 to 5 years

generally generated MOEs of less thar

10 and could therfore pose a risk to

health. When comparing the estimated

exposures from different sources, it

becomes apparent that in these age

groups, dietary sources generally

contribute more significantly to

exposure than nosietary sources such

as soil and dust. Is therefore reiterated

that efforts to reduce the levels of

inorganic arsenic in food and water

should continue.

Conclusions

COT assessed toxicity issues from the infant diet for a number of nutrients, substances and
contaminants in breast milk, infant formulae and solid foods. They concluded there were

unlikely to be concerns over toxiciip the diet of infants forsubstances consideredt
current levels of exposurdssues where there is potential concern are descriledhe

paragraphdelow.

In relation to vitamin A, COT concluded that there is potential for some infants to exceed

the TUL under the following circumstances:

1 exclusively breastfed bgnotherstaking dietary supplements coaihing high levels of

vitamin A

fed with infant formula at the upper limit of the retinol content allowed by regulation

1 givenhigh dose vitamin A supplements
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10.7

10.8

T

consumirg liver more than once per week

/ he Qa O2rédtiaiziosafieyhd, aldohol, soya and acrylamiae described below

T

Caffeine - Breastfed infants can be exposed to caffeine as a result of maternal
consumption of caffeineontaining foods and beverages, but the available scientific
evidence does not demonstrate a consequent health risk in infants. The available
information does not provide a basis for refining the current government advice that
breastfeeding mothers shouldave no more than 200mg caffeine over the course of a
day (which roughly equates to two mugs of instant coffee, or two mugs of tea, or one
mug of filier coffee).

Alcohol - Reported effects in breastfed babies from maternal consumption of alcohol
adzLILIR2 NI GKS 3F20SNYyYSyiQa OdaNNByYydG | ROAOS
no more than 1 or 2 units of alcohol once or twice a week.

Soya There is sora uncertainty about the safety of soymsed formula and there is no
scientific basis for a change in the current government advice: there is neither
substantive medical need for, nor health benefit arising from the use of-bagad
infant formula and itshould only be used in exceptional circumstances to ensure
adequate nutrition.

Acrylamide- There was a potential concembout exposure to acrylamide from infant
formula and solid foods. Efforts to reduce acrylamide exposure should be continued,
with respect to both commerciallproduced and home&ooked food.

/ h¢Qa 02y Ofcomtarhigaytdead2aysenic krfsl PBDEs are provided below.

T

Lead- Where soil and water concentrations of lead are unusually high there is concern
that adverse effects could ogc but that this is unlikely to pose a risk in the large
majority of the UK.

Arsenic- Exposure for &clusively breastfed or formulfed UK infants aged O to 4
months was considered of low concern. There could be a small risk to high level
consumers of irdnt formula that has been reconstituted with water containing a high
level of inorganic arsenic.

PBDEs No data were available on levels of PBDEs in infant formula and commercially
produced infant foods in the UK. There are possible concerns in relati®BDEs but
dietary sources are residual environmental PBDEs in breast milk and dairy products with
limited options for risk management.
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11 UK infant feeding practice

TheUKInfant Feeding Survey

11.1 The IFS, a national survey of infant feeding practices, ®@mnducted everyp years from
1975 to 2010.The survey provided national estimates of the incidence, prevalence and
duration of breastfeedindincluding exclusive breastfeeding) and other feeding practices
adopted by mothers in thédirst 8 to 10 months after their infant was bornln the more
recentsurveys these estimates were provided separately for England, Wales, Scotland and
Northern Ireland, as well as for the UK as a whole.

11.2 The design of the study, questions and sampling procedure changed little isiception.
This enabled the surveys to capture overall trends in infant feeding practices since 1975 and
to adjust these for demographic change, notably the trend towards increasing maternal age
at delivery.

11.3 The 2010 survey was based on an initial esentative sample of mothers who were
selected from all births registered between August and October 2010 in theThhée
stages of data collection were conducted, with Stage 1 being carried out when infants were
around4 to 10 weeksold, Stage 2 when thewere around4 to 6 months old, and Stage 3
when they were around to 10 months old. A total of 10,768 mothers completed and
returned all3 questionnaires.

11.4 Full details of the methodology employed and findings from the IFS 2010 can be found
elsewhere(McAndrew et al, 2012 a summary of the key findings pertinent to this review is
given below.

11.5 The findings of the 2005 IFS were reviewed by SACN in 2008. Fourteemreadations
for policy and practice were made ar@l recommendations for the conduct of future
surveys.

Key findings on incidence, prevalence and duration of breastfeeding

11.6 L C{ dza S Rincitldh&xoidéhdiadrtheProportion of infants put to the breastyen if
only once. This figure included s 3 A @Sy S E LINS Arévadrcaienafed theil Y A f ]
proportion of infants still receiving any breast milk at subsequent sampling stages, whether
or not they were receiving other milks and liquids as well.

11.7 Fram 2005 IFS distinguished between exclusive and any breastfeeltiegprevalence of
Wxclusive breastfeedirigvas defined as the proportion of infants who were receiving only
breast milk and had never been given other milks, liquidsotid foods

11.8 Acrossthe UK, the initial breastfeeding rate increased from 76% in 2005 to 81% in 2010
(83% in England, 74% in Scotland, 71% in Wales, and 64% in Northern 11®iacel)99Q,
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there was a 31% increase in the incidence of breastfeenirthe UK, with poportionate
increasesbeing greatest in Scotland (48% increase) and Northern Ireland (78% increase)
(TableD.1).¢ KS Y230 KSNRa F3S d O0ANIK 2F (HKiBe AYTFI Y
education remained strong predictors of brefestding in the 2010 survey.ableD.2 shows

a standardised incidence for eabkyearly sample adjusted for the secular change in these
demographic characteristics.

11.9 The highest incidence of breastfeeding was observed among madigeis 30 or over (87%),
those from Mk y 2 NA (& S Ky A ChirgdPodnthdp 96%rotBlack @ Mlack’
BritishQand 95% foMAsian or Asian Britiskethnic groups), those who left education aged
over 18 (91%), those in managerial and professiomalpations (90%) and those living in
the least deprived areas (89%).

11.10 Table D.3 shows changes between 1995 and 2010 in the prevalence of breastfeeding
between birth and 9months of ageln 2010, across the UK as a whole, the plavee of
breastfeeding fell from 81% at birth to 55%6@tveeks. At6 months, 34% of mibvers were
still breastfeedinglt is apparent that the most rapid decline in breastfeeding prevalence
occursinthefirseg SS1 a 27T U Kb$6wegkddf ifaiit @ge 3X%iofFnthers who
initiated breastfeeding had stopped.

11.11 The proportion of mothers initiating breastfeeding who stoppedébyeeks of age changed
very little between 199 (36%)and 2010(32%) with a maximum of 39% in 20QUableD.3).
The reasons mothers stop breastfeeding in the early weeks have been consistently
described in IFS since 198MbleD.4 shows data for 2005 and 2010; the principal reasons
were difficulties with attachment at the last, breast or nipple pain, and a perception that
breast milk was insufficient or the infant was hungrihe 5-yearly IFSalso showed
consistently that mothers who stopped in the early weeks would have preferred to continue
had they felt able to do sdableD.5 shows data for 2010.

11.12 TableD.6 shows the prevalence of exclusive breastfeeding in 2005 and 202010 fewer
than half of all mothers (46%) were exclusively breastfeethypngne week of infantage
while this had fallen to around a quarter (23%) @yveeks.By 6 months, prevalence of
exclusive breastfeeding had decreased to diy Thus, very few mothers followed the UK
recommendation that infants should be exclusively breastfed until aroured abe of6
months.

11.13 TableD.7 shows that formula or other liquids rather thawolid foodsprincipally accounted
for early (prior to 4months of age) loss of exclusive breastfeedidgly after 1 Aveeks did
introduction ofsolid foodsaccount for more than 2% of cases.

11.14 The proportion of UK women who continue to breastfeed aamonths of infant age is
very low compared with international statistics. In 2010, only 1 in 3 UK women were
breastfeeding at all af months of infant ageand only 1 in 4 & months of infant agesge
TableD.3). Even though rathersin the UKcontinued to breastfeed for longer in 2010 than
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in 2005(McAndrew et al, 201R this is substantially lower than the rates observed in other
HICwhere prevalence of ®6to 70%wasobserved a6 months(Victora et al, 2016

Use of milk other than breast milk

11.15 Almost threequarters of mothers (73%) hadvgn milk other than breast milk by the age of
6 weeks and 88% had done so Bymonths. Mothers from managerial and professional
occupations and older mothers were likely to introduce other milks latableD.8).

11.16 At Stage 2 othe 2010survey (when infants werd to 6 months of age), most mothers who
had given their infant milk other than breast milk in the I@stays were mainly giving infant
formula (88%)Use of followonformula2z NJ f AljdZAR 02634 Q YA%and gl & f :
1% respectively).By Stage 3 of the survey (when infants w&¢o 10 months of age),
mothers were more likely to be using folledvy’ F2 Nl dzf I 6pT120 & (GKSAN
of milk other than breast milk, rather than infant formula (35%).

11.17 Most mothers followed the recommendation not to give follemn formula before the age
of 6 months. Mothers from routine and manual occupations and those who had never
worked were more likely to say they had given their infant folmwformula at an earlier
age(18% and 27%espectivelyat 4 months).

11.18 By8to 10 months of age42%of mothershad giveni K SA NJ Ay F I y (i Twektl dzZA R Oz
nine percent had mixed it with food while 24% had used itaasoccasional drinlOnly4%
of mothers had introduced lighi 02 64 Q YAf{ | & T&BRINI Ay Tl yiQa

Liquids other than milk

11.19 In 2010, 27%f mothers were giving drinks in addition to breast milk or formulatbyeeks
of infant age.This had risen to 55%y 4 monthsand 8 6 by 6 months. Brink€xould have
included water, fruit juice, squash or herbal liquids but these were not differentiated in the
survey.

11.20 Themost common reasons for giving drinks at Stagel 10(10 weeks of age) were to help
with constipation (48%) or to helcolic wind or indigestion (42%)By Stages 2 and 3 (when
infants were4 to 6 months and8 to 10 months respectively) the main reason for giving
drinks was because the infant was thirsty (56% at Stage 2 and 86% at Stage 3).

11.21 At all ages up t®& months faver mothers gave drinks than in 200Ehis was most evident at
4 months, when the proportion fell from 64% in 2005 to 55% in 2010.

11.22 Mothers who breastfed initially were less likely to give additional drinks befomeonths
than those who formula fed fromitith (78% compared with 92%).

11.23 Mothers aged under 20 were more likely than those aged 35 or over to give their infant
drinks at an early age (64% and 24@éspectively at 6 weeks old).Those from routine and
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manual occupation groups or who had never watkgere more likely than mothers from
managerial and professional groups to give drinks at an early age (48%, 44% and 25%
respectivelyat 6 week old).

Use of cups and beakers

11.24 On averagemothers introduced cups and beakers a little earlier in 201 in 2005.By 6
months 54% of all mothers had introduced a cup or beaker compared with 48% in 2005.

Age at introduction of complementary feeding

11.25 SuccessivB-yearlylFShave documented a trend towards later introductionsaflid foodsin
keeping with changesn naional feeding recommendationsin 2003, the UK health
departments recommended that solid foods should be introduced when infants are around
6 months old (DH, 2003 SACN/SMCN, 20pP3While in 200085% of mothers were
introducingsolidfoodsbefore 4 months(McAndrew et al, 201 TableD.10 showsthat this
figure haddecreasedo 51%in 2005,and t030% in 2010. These data indicate that there has
been an increase of nearfsfold in the proportion of mothers introducingsolid foods after
4 months since the change in policy.

11.26 Younger mothers and tle® from lower soci@conomic groups tended to introde solid
foods at earlier agedn 2010, 57%f mothers aged under 20 years and 38% of mothers in
the routine and manual category or those who had never worked introdsodid foodsby
the time their irfant was4 months old.

11.27 TableD.11A Yy RA Ol 1Sa Y2 i KS NA @sold¥obda &t yagioustagdiide mosii N2 R dzO
commonly cited reason for introducingolid foodsbefore 4 months was an unsatisfied
infant (64% of mothers)Mothers who introducedsolid foodsafter 5 months were more
fA1Ste (2 OAGS 6NRGGSY AYyF2NXYIGA2YE | ROAOS
acquisition of motor skills as their reason.

Types ofsolidfoods introduced

11.28 Baby rice was the most common typésmlid food first given to infants (57%)he majority
of mothers said the food they first gave to their infant was mashed or pureed (94%), while
only a small proportion gave finger food (4%).

11.29 When infants weret to 6 months old, mothers were most liketp have given them fruit or
vegetables on the previous day (46%), reatgde baby foods (38%), baby rice (31%) or
homemade foods (28%).

11.30 TableD.12 shows the foods most frequently given when infants w8r® 10 months old.
Fruitand vegetables, fresh food, breakfast cereals, cheese, yoghurt and fromage frais were
the most popular itemsChicken was the most frequently offered meRed meats (beef,
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pork or lamb) were given less frequentlyith 46% or more of mothers offering thefass
than weekly or never.

Types okolidfoods avoided

11.31 Nearly half of mothers reported that they had consumed peanuts or peanut products during
pregnancy (49%) ar2lin 5 mothers who breastfed at least initially (40%) said that they had
done so while keastfeeding.At Stage 3, only a small minority of infants had been given
peanuts or peanut products (8%).

11.32 Ninety percent of mothers completely avoided the use of salt in the diets of tBeo 10
month old infants, but mothers from ethnic minority bapkunds were less likely to do so.
Thirty-seven percent of mothers ofhinese or othdeethnic origin, 37% dfAsian or British
AsiarOmothers, 26% ofBlack and Black Briti€imothers and 16% of mothers &kixedQ
ethnic origin added salt to theirinfaha Q RASG &YX 02 Y LWHit&Rothérd 1 K 2y { &

11.33 Nearly half of mothers mentioned that they avoided giving their infant particular ingredients
at Stage 3 (45%0Pther than salt, the principal ingredients omitted were nuts (41%), sugar
(38%), honey (1%), eggs (12%) and dairy produce (11%).

Supplementary vitamins

11.34 The UK health departments have recommended for some time that children@noronths
to 5 years old should be given a supplement containing vitamins A, C and D, indgsge
receiving morghan 500nl of infant formula per dayDHSS, 198®H, 1994 The advice at
the time ofthe 2010&4 dzZN¥S& 4l & GKI 0 AF GKSNB gl a |yeé R;:
status (for example, if she did ntatke a vitamin D supplement during her pregnancy or falls
into other atrisk groups), breastfed infants were to be administered vitamin supplements
from 1 month (DH, 1998

11.35 Seven per cent of infants at Stage 1 were being given vitamin drops, rising to 14% at Stage 3
(TableD.13). As expected, breastfeeding mothers were more likely to be giving vitamin
drops than those feeding with fornta, particularly at Stage 3 (22% and 1iéspectively).

The UK Diet and Nutrition Survey of Infants and Young Children

11.36 The UK DNSIYG=nnox et al, 200)3vas commissioned by the Department of Health and the
FSA to provide detailed information on the foambnsumption nutrient intakes and
nutritional statusof infants and young children ageimonths up t018 months living in
private households in the UKieldwork was carried out between January and August 2011.

11.37 DNSIYC provides the only source of high quality nationally representative data on the types
and quantities of foods consumed by the & 18 month age groupThe survey was
conducted in all countries of the UK and was designed to be representative of the UK
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population. Additional recruitment was undertaken in Scotland and among those in receipt
of Healthy Start vouchers in order to provide more detailed analysis of these populations.
¢tKSaS FRRAGAZ2YIFE &l YL Sa 6SNBE NBFSNNBR (2
11.38 The survey involved a fade-face interview to obtain background information, such as
sociceconomic status, ad-day food diary, and child and maternal anthropometric
measurements.Information was obtained from 2,683 individua(&,283 excluding the
Bcottish boog® Nine hundred and seventy three infants attended a clinic at which 98%
provided a measure of skinfiblthickness, 87% completed a stable isotope assessment of
fluid intake, breast milk intake and body compositiand 55% provide a blood sample for
the analyss of iron and vitamin D status.

Feeding patterns

11.39 Overall, feeding patterns observed in DNSIY@ewery similar to those recorded by IFS
2010.

11.40 Seventyeight per cent of the infants recruited had been breastfed at some point since birth,
of which 57% were not breastfed beyor8imonths. Only 2 children poth aged4 to 6
months) were exclusively breastf at the time of the survey.

11.41 Ten per cent of the infants in DNSIYC were introduced to compleméefetaadyngbefore the
age of3 months. Seventyfive per cent of infants consumesblid foods before the age dd
months and 22% were introduced at the age6omonths. Baby rice and pureed fruit or
vegetables were the most common first foods consumed by infants (65% and 21%,
respectively).

11.42 Children aged less thahyear generally consumed no more than 146g of whol2 gnailiQ
per day.

11.43 Mean total fruit and vegtable consumption (which includethe fruit and vegetable
component of compositelishes) ranged from 100g per day for children aged 6 months
to 170g per day for children aged 12 to 18 monthkis equates t&@ adult (80g) portions
per day.Mean fruit consumption of 7 tol8 month olds was 7#96g per day which was
higher thanthat observed in theNDNS 110 18 year old age group (60per day)PHE &
FSA, 2014

11.44 There is only limited data on liver consumption by infants in DNSIYC howevavdilable
data indicatel that some infants may beconsuming large amountsf liver and liver
containing products (for exampldiver sausageonce a week or ma and these infants
could exceedthe TULfor vitamin A In these data the vitamin A intake, primarily from a
single eating occasiomvasbased on a small number of consumers avas averaged over
the 4 reporting days of DNSIY@& is uncertainwhether the TUL would be exceeded if the
intakes were averaged over a longer period of time.
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11.45 The proportion of children given micronutrient supplement during thet-day food diary
period ranged from 5% (agetito 6 months) to 10% (aged 12 to 18 month¥hose most
likely to receive at least one supplement were children aged 4 to 18 months of South Asian
YR W2UKSND SGKYAOAGASaA®

Nutrient intakes

11.46 Seventyfive percent of boys and 76% of girls exceeded E#&Rfor energy.Infant formula
was the largest contributor to exrgy intake for children undek2 months of age.

11.47 TableD.14 shows the percentage contribution of each food group to average daily energy
intake by infant age Between4 and 6 months of age infant formula and breast milk
accountedfor 69% of average daily energy intake, declining to 12%24b 18 months of
age. Cerealstereal products and milk/milk products were the greatest contributors to
energy intake afted2 months, together accounting for about half of daily energy intake.

11.48 Nonmilk extrinsic sugars (NMES) intakecreased with age, providing3% of total energy

for children aged 4 to 6 months ar@2% for children ageds to 11 months (TableD.15a).

The largestontributor to NMES for children agedto 6 months and 7 to 9 months was the

F22R ANRdzZL) WO2YYSNOALF {E,NBYEBQPUAPERERAD bln NI A O

foodsk YR RA&AKSaQ FyR WOSN®bd.1®H)) aSR F22Ra | yR R
11.49 Table D.16 shows average daily intakes of sodiamd saltbetween 4 and 18 months of

age. These exceeded the SACN recommendafienmaximum of 1g of salt a day for infants

between 7 and 12 month€SACN, 2003 particularly after 10 months of agéhe average

daily salt intake was 1.5¢ for childraged 10 to 11 months and 2.3g for those aged 12 to 18

months Table D.16 shows the percentage contribution of food groups to daily sodium

intake in children aged betweentd 18 months. The largest contributor to salt intakedter

Mn Y2y GKa 2F 13S gla GKS F22R INRdzL) WOSNEBI f &

11.50 Average daily intake of minerals from all sources generally excettdeRNI TableD.17)
though intake of iron fell below théower reference nutrient intke (LRNJ in 10to 14%of
childrenat all agesTableD.18). Infant formulawas the major contributor to iron intake for
children agedt to 6 months (56%)7 to 9 months (48%) and0to 11 months (42%).

11.51 The proportion of childrenn all age groups with daily intakes of vitamins below the LRNI
wasless than 1% for most vitaminBor vitamin A, 2% of children aged @18 months
were below the LRNNo children were below the LRNI for vitaminTak{leD.19). Average
daily intakes of all vitamins other than vitamin D exceededsRbleD.20).

LY HAamMpZI {!/b NBO2YYS$eRBRS (KK dzfl R REFAYRAWRYR 2FY WiKS
nutrition purposes to replace the concept of namlk extrinsic sugars (NMBeon which sugar intake

recommendations had been based since 1€8ACN, 2015 DNSIYC (2013) measured sugar intakes using the

NMES dénition and in this context it is therefore appropriate to report sugar intakes as intakes of NMES

NF §KSNJ GKIy WFNBS &adzar NEQO®
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11.52 The mean vitamin D intake of breastfed children from food and supplementanged
between 37 and 54% of RNI at various ages, excluding@mtyibution from breast milk.
The mean dailyitamin Dintake of nonbreastfed children exceeded RNI at all ages uri@er
months [TableD.20).

11.53 Average daily intakes of vitamin A were at least double the RNI for theuBgest age
groups(4 to 6 months, 7to 9 months, 10to 11 months), with nfant formula being the
largest contributor to vitamin A intake faach groug39%, 33% and 3Q%espectively).

Body size

11.54 More than 75% of the sampl@ged 4 td8 months)exceeded the WHO gwah standard
50" percentile for weighand more than 70% for lengthir@bleD.21).

Blood analytes

11.55 Iron status measures are shownTiableD.22. Five children (3%gged 5 toll monthshad
haemoglobin andserum ferritin concentrations below the leval which iron deficiency
anaemia is indicated

11.56 Ninetyfour per cent of children (aged 5 to 11 months) had serurhg&oxyvitamin D (25
OHD) concentrations compatible with the SACN recommendation for good hhealt

0 X HpY GACNK X016

Conclusons

11.57 The5-yearly IFShave provided a unique perspective on infant feeding practices in the UK
over the period 19750 2010. By using consistent methodology to survey a natifynal
representativesample they have documented the geographical, demographigalsand
educational inequalities that underlie variations in infant nutrition and health.

11.58 In the period up to 2010,he surveys have shown increases in the proportion of women
initiating breastfeeding, particularly since 2Q00ut the proportion of women o
discontinuel breastfeedingefore thar infant was6 weeks old remained between?86 and
39% sincd 9%.

11.59 The proportion of womenn the UKwho breastfeed exclusively ® months of age or who
continue to breastfeed beyond the fir6tmonths is very loveompared with otheHIC

11.60 There has been a reduction in the proportion of infants receiving solid foods béfore
months of agebetween 2000 and 201 hisfollowed a change in advice from the Wikalth
departments during 2003.

11.61 Both IFS and DNSIYC have shawat the proportion of infants receiving vitamin
supplementsvaslow (less than 14%).
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11.62 Despite this, there was a low prevalence of suboptimal serum vitamin D levels (6%) and only
2% of children aged2 to 18 months had intakes of vitamin A below the LRiile no
children were below the LRNI at agéo4l1 months

11.63 The main source of iron was infant formula and foHow formula in the seconé months
of life. Low prevalence of iron deficiency anaemia (B?%&hildren aged 5 to 11 monthsvas
found in DNSIY.C

1164 Thef 26 NBfAlFIYyOS 2y 026aQ YAt | Ireportdd byyONSIYC RNA Yy
(2013)2 FFSNBE NBIF dadz2NF yOS GKIFIG GKS Nmrajla FaazOAl
milk are well recognised

11.65 Contrary to popular perception fruit and vegdle consumption in this age group is
substantial and relatively higher than intake later in childhood.

11.66 Intakes oNMES in DNSIYC (20i®yeased with age, from an average contribution of 4% to
total energy intakes in infants agédo 6 months, to 8%n children aged 12 t&8 months.

11.67 Salt intakes in DNSIYC exceeded Ste€Cdinmendationdy 50to 100% after 10nonths of
age.

11.68 In DNSIY@013) around 75% of the children surveyed had paresported intakes that
exceeded the UK EAR for energy. The sameqgptiom exceeded the WHO growth standard
median for weight These findings suggest that UK infants are exceeding their energy
requirements. This is of concern in relation to wider evidence on the prevalence and risk of
overweight and obesity in childhood.
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12

12.1

12.2

12.3

12.4

12.5

12.6

Conclusions and recommendations

Conclusions

Infant and complementary feedingracticein the UK

The conclusions in this section are based on the findings of CHap(elK infant feeding
practice.

Successive UkSup to 2010 have shown increases in the proportion of women initiating
breastfeeding, particularly since 200Blowever, successive survdyave also show that

the proportion of women who discontinuk breastfeeling before thar infant was6 weeks

old hadremained between 3% and39% since 19

The proportion of women in the UK who breastfed exclusivelg toonths of age or who
were still breastfeeding at year remained very low in 2010 compared with othdC

Surveillance data from thé~Sindicate that here was a reduction in the proportion of
infants receiving solid foods beforemonths of agebetween2000 and 2010. Thisollowed

a change inadvice from the Ukhealth departmentsin 2003 to recommend excisive
breastfeeding for around the firdd months of life The previous policy recommendation
was to exclusively breastfeed for the first 4 to 6 months of life.

In the UK breastfeeding and age of introduction of solid focal® patternedby parental
socid and educational statysvhich may lead to confounding in their associationiis is

also the case for the quality of the complementary diet. Parents of breastfed infants are
more likely to follow complementary feeding guidance and other health andtylées
guidance.

Breastfeeding

The conclusions in this section are based on the firafi@hapters3 (Infant feeding, growth
and health.

Breastfeedingnakes an importat contribution to infant and lifelong health an@presents
the physiological norm for early infant feeding.

Breastfeeding has an important role in the developme@iftthe infant immune system
through the provision of passive specific and fspecific inmune factors. There is evidence
that not breastfeeding is associated with a higher risk of infant hospital admission as a
consequence ofastrointestinabr respiratoryinfectionseven inHICsuch as théJK
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12.7 There is evidence that not breastfeeding magoabe associated with disadvantages for
certain neurodevelopmental outcomes during childhoadshown inone RCT and range
of observational studiesut residual confounding cannot be ruled out

12.8 The available evidence indicates thatebstfeeding is ats associated with improved
maternal health. Women who breastfeddr longerare at lower risk of breast cancand
endometriosis Breastfeeding isalso associated with greater postpartum weight loss and
lower BMI in the longer termFurthermore, beastfeedng is not associated with an
increased risk of low bone mineral density or osteoporosis in later life.

12.9 Once solid foods have been introduced at aroudidnonths, continued breastfeeding
alongside solid foods for at leatste first yearof life is associaté with improved infant and
maternal health.

Acceptance of solid foods

The conclusions in this section are based on the findings of Ch&ptergant feeding,
growth and health, 4 (Energy requiremenj)s7 (Eating and feeding of solid fogdand 11
(UK infant feeding practige

12.10 By around6 months of age, infants arasuallydevelopmentally ready to actively accept
foods other than breasmilk (or infant formula)

12.11 The available evidence indicates thtite introduction of solid foods or infant formulato
breastfed infants before 6 months of agereduces the amount obreast milkconsumed
without increasing total energy intake or altering growth or weight gain. Thediutrtion of
solid foods or infant formuldefore 6months of age is also associated witteater risk of
gastrointestinal infectionand lower and upper respiratory infections in infants.

12.12 The existence of &ritical windowQfor the acceptance of solid fmls between4 and 6
months is not supported by experimental evidence. Deferring dtaat of complementary
feedingto around 6 months of ageis not associated with later difficulty iacceptingsolid
foods.

12.13 A range of evidence indicates that repeated exp@ to new foods enhancetheir
acceptance. Offering a variety of foods also helps to increase acceptance of new flavours by
infants.

12.14 There is limited evidence on thBLWapproach to complementary feedind? single trial
reported that a BLW approacresulted in earlier sekfeeding, less food fussiness and
greater enjoyment of foodsecondary outcomeseltreported by parents

12155+ GF FNRBY 5b{L,/ O6HnAnmMo0 AYRAOFIGS GKI&E AYyTFl
substantial and relatively higher thantakes later in childhood Intakes ofNMESncreased
with age, from an average contribution of 4% to total energy intakes in infants ate®
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months, to 8% in children aged 1@ 18 months.Salt (sodium chloride) intakes aft&é0
months of age exaxedSACN guidance by §9100%.

Growth and energy requirements

The conclusions in this section are based on the findingshapters3 (Infant feeding,
growth and health, 4 (Energy requiremenjs5 (Infant feeding, body composition and
health) and11 (UK infant feeding practige

12.16 The WHO growth standasdiescribe the linear and ponderal growth pattern of infants who
were exclusivelyor predominantly breastfed for atehst the first4 months of life(with a
mean ageof 5.4 months at introduction of complementafgeding and breastfed for at
least the first 12 months of lifeThey describe a pattern of growth to be attained by all
infants whether or not breastfed. The EAR for dietary energyfor UK infantswvere derived
usingthe WHO growth standards.

12.17 The best estimates to date indicate that breast milk production increases bet@eeil 6
months of age and that this megthe increasing energy demands of the growingairif
The available evidence indicates that breastfeeding exclusively for the first 6 months of life
does not constrain infant energy intakes or weight gain.

12.18 There is a body of observational evidence indicating that rapid weight gain in infancy
predicts laer obesitybut also predicts tall stature.

12.19 There is evidence from observational studies regarding an association between the age of
first solid foods and later adiposity. However, most prospective studies that have examined
infant weight or weight gain Here commencement of complementary feeding have
identified rapid early weight gain as a predictor rather than a consequence of the early
introduction of solid foods. This indicates a likelihood of reverse causality in any relationship
between early compleentary feeding and subsequent overweighteae are too few data
to draw conclusions about relationships between age at introduction of complementary
feeding and cardignetabolic outcomes in later life.

12.20 In DNSIYC (201,3round 75%of the children (aged 4to 18 months)surveyed had parent
reported intakes that exceedeitie UKEAR for energyThe same proportiomxceeded the
WHO growth standard median for weighthese findings suggest that UK infants are
exceeding their energy requirements. This is ofcawn in relation to wider evidence on the
prevalence and risk of overweight and obesity in childhood.
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Micronutrients
Iron

The conclusions in this section are based on the findings of ChégMrsronutrienty and
11 (UK infant feeding practi¢e

12.21 Iron status at birth is the most important determinant of iron status throughout infancy.
Factors associated with lower iron status at birth include low infant birthweight
maternal iron deficiency anaemiabesity, smokingstatus and gestational hypertension.
Delaying clamping of the umbilical cord until it has stopped pulsating is actie#
intervention to increase iron status at birth.

12.22 Healthy term infants are bormvith sufficient bodyiron stores which along withiron in
breast milk,are sufficient to meet their needs for growth and development for the figst
months of life.

12.23 From around 6 months of age a diverse complementary diet is needed to meet the
increasngiron requirements of older infants.

12.24 Breastmilk (or infant formula) should be the main drink throughout the first year of life.
¢KS O2yadzYLliAzy 27T asiz vManRifintby Bfentsydanged fan YA ]
monthsh & | a420AFGSR gAOK f28SNJ ANRY &adl ddzae® ¢K
in the first year of life reported by DNSIYC (2013) offers reassurance thaskhis now well
recognised.

12.25 Experimenal evidence on the effect of iron supplements on infant growth is mjxeh
only somestudiesreporting a positive effect There is evidence in infants who are iron
replete that iron supplements in infancy are not protective against future deficiency and
may have a detrimantal effect on linear growth.

12.26 DNSIYC (2013) reported that 3% of UK children &gedlL1 months had haemoglobin and
serum ferritin concentrations below the level which iron deficiency anaemia is indicated.

Vitamins D and A

The conclusius in this section are based on the findings of Cha€kicronutrientg, 10
(Risks of chemical toxic)tynd11 (UK infant feeding practige

12.27 Other than the prevention of nutritional rickets, data are not available to clearly relate
serum 25(OH)@oncentration in infants to currerdr long term health outcome®ata from
DNSIYC (2013hdicate that 6% of infants were at risk of vitamin D deficienBACN
NEO2YYSyYyRa | Wal ¥FS -10pgid) for &lnfadtd frod birdi(exeeptyfor 5 6y @
those consuming more than 500ml of infant formula a ddwgweverdata from both IFS
(2010) and DNSIYC (2013) indicate that the proportion of infants receiving vitamin
supplements was low (less than 14%)
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12.28 Regarding vitamin A, data from DNSIYC (2013) indi¢hte no child was below theRNkt
age4 to 11 months. However,COT concluded that there is potential for some infants to
SEOSSR GKS ¢! F2N) GAGFYAY ' AT GSEOf dzaA (¢
adzLILX SYSyida O2ydl AyAy R FKAMIKF HyJdES {1aNB2 Fo FTEBARI FAYYA
upper limit of the retinol content allowed by regulation, given high dose vitamin A
adzLJLX SYSyGazx 2NJ 02y adzyS £ AGSNJ Y2NB GKIFy 2y O0S

Oral health

The conclusions in this section are based on the findinGbayter8 (Oral healtt).

12.29 Breastfeeding during the first year of life has oral health benefits. The available evidence
indicates that breastfeeding up tb2 months of ag is associated with aedreased risk of
dental cariesand may offer protection when compared with infant formddgeding

12.30 Observational evidence suggests that once the primary teeth erupt, there may be an
increased risk of dentatariesassociatedwith factors such as breastfeediragd libitum,
nocturnal feeding and sleeping with the breast in the mouth. However, the quality of the
available evidence is generally l@and, in most of the studiesmportant confounders (such
as complementary feeding with dgagenic foods/drinks, or inadequate oral hygiene
practices) were not controlled for.

12.31 The one available systematic reviewith metal y I f @ aA & F2dzy R GKI G WwWS@S
maybef Sda tA]1Ste G2 RS@St2L) YIf2OO0fidemhapAo/a 0O2Y
12 years of age

Risks ofallergicand autoimmune disease

The conclusions in this section are based on the findings of CleafRResis of allergicand
autoimmune diseas}.

12.32 There wadnsufficientevidence toindicatethat breastfeedinginfluencesthe development
of allergic or autoimmune disease

12.33 The available evidence indicates that the deliberate exclusion or delayed introduction of
LIS | y dzii 2 Ndeykrsl ¥ @2 nfoBths of age may increase the risk of allergy to the
same foods.

12.34 The available evidence indicates traltergenic foods such as pean#t,S ye@gi gluten or
fish can be introduced from around 6 months of age and need not be differentiabea
other solid foods

 there is insufficient evidence tdemonstrate that the introduction of peanubr K Sy Q a
egginto the infant diet before 6 months of age reduces the risk of developing food
allergy to any greater extent than introduction frommound6 months
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1 there is hgh quality evidence that the timing of introduction of gluten is not associated
with the risk of developing coeliac disease

1 there is low to very low quality evidence that early fish introduction (befor® @2
months of ageyvas assoeited with reduced allergic rhinitis arsknsitisation

1 there is insufficient evidenci®r conclusions to be drawn on the effecttbl timing of
introduction of other allergenic food# relation to developing an allergy to that food.

12.35 There was nondicaion that the avoidance or consumption of allergenic foods by mothers
during pregnancy or lactation would reduce allergic or autoimmune diseases in their
children

12.36 The available evidence does not support the use of extensively hydrolysed or partially
hydraysed protein formulato influence the risk of developing allergic or autoimmune
disease.

12.37 There was little evidence that maternal and other infant dietary exposures increased
OKAf RNBY QA FdzidzNBE NR&A]l 2F RS@OSt2LIAyYy3I | ffSNAA

Risks of camical toxicity

The conclusions in this section are based on the findings of CHdp(Risks of chemical
toxicity).

12.38 COT assessed toxicity issues from the infant dieafnumber of nutrients, substances and
contaminants in breast milk, infant formukand solid foodsThey concluded there were
unlikely to be concerns over toxicity in the diet of infants for substances considdred
current levels of exposurdéssues whee COT has flagged that there is potential concern are
described irchapter10.

Recommendations

Breastfeeding

12.39 The totality of the evidence reviewed for this report supmorturrent guidance to
breastfeed exclusively for arountthe first 6 months ofan A Y ¥ y i1 Qa f AFS | yR
breastfeedingfor at leastthe first year of life. Each makes an important contribution to
infant and maternal health.

12.40 Given the rapid decline in the proportion of women breastfeeding over the fnstweeks
of an infant's life in the UK, greater focus should be given to:
1 reducing attrition rates

1 supporting women who make the informed choice to breastfeed
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12.41 Increasing the proportion of women who continue to breastfeed or express breast milk
beyond 6 nonths of agavould yield additional health benefits.

12.42 Infant formulad 6 I &SR 2y SA (i K S NJisQre @dyQuitadldldlitethativeitd Q Y A f
breast milk for babies who are under 12 months.dlthe use of soyhased formula should
only be on medical ads® and the possible health effects of sdyasedformula should be
kept under review.

Introduction of complementaryeeding

12.43 Current advice on the age of introduction of complementary feeding should remain
unchanged. That is, most infants should not stastics foods until around the age of 6
months, having achieved developmental readiness

12.44 Breast milk, infant formula and water should be the only drinks offered after 6 months of
age.Unmodified@ 6 8 Q YAf |1 aK2dZ R y203 0SS 3IA@&egnths &a | Y
ofaggb ¢ KA & AAa 0 Sdhsdzpton i® hfankyQis a¥sbdialed witdwer iron
status as a result of gastrointestinal blood loss abecause theiron content and
bioavailabilityof O 2 ¢ Q dis IOWA £ |

12.45 A wide range of solid foogdécludng ironcontaining foodsshould be introduced in an age
appropriate form® from around 6 months of age, alongside continued breastfeeding, at a
time and in a manner to suit both the family and individual child.

12.46 Dietary, flavour and texture diversificatiorshould proceed incrementally throughout the
complementary feeding period, taking into account the variability between infants in
developmental attainment and the need to satisfy nutritional requirements. When
introducing new foods it should be recognisdtht they may need to be presented to
infants on many occasions before they are accepted, particularly as infants get older.

12.47 In view ofthe high intakef salt (sodium chloride) and free sugars in this age group, there
is a need to reemphasise the riskassociated with added salt and free sugars in foods given
to infants during the complementary feeding period and to keep reported intakes under
review.

1% nfants and young children should never be left alone while they are eating. ChildrenGipeers old must

not be given wholeuts, as they can choke on them.

Infants, children, pregnant women and elderly people can safely eat raw or lightly cooked eggs that are
produced under the British Lion Code of Practitée revised advice (updated in October 2017), based on the
latestscientific evidence, means that people vulnerable to infection or who are likely to suffer serious
symptoms from food poisoning (such as infants, children, pregnant womerektetly people) can now safely
eat raw or lightly cooked hen eggs or foods camitag them.

The existing advice on UK nbion eggs has not changaetn-hen eggs and eggs from outside the UK, should
always be cooked thoroughly for vulnerable groups.

Eggs from other birds, such as duck, goose and quail eggs, should always betlcoakeghly.
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12.48 Healthy infants do not require iron supplements. To optimise iron status throughout the
first year of lie, SACNand NICEecommendations on delayed cord clamping should be
implemented and monitored.

12.49 All infants from birth to 1 year of age who are being exclusively or partially breastfed should
be given a daily supplement containing 8.5 to 10ug of vitam{B84D-4001U/d). Infants who
are fed infant formula should not be given a vitamin D supplement unless they are
consuming less than 500ml (aboane pint) of infant formula a day, as infant formula is
fortified with vitamin D.

12.50 The low prevalence of vitamin deficiency in the healthy infant population, despite the
current low uptake of supplements, suggests the need to review recommendations on
routine vitamin A supplementation, particularly in light of the COT conclusion that there is
the potential for someinfants to exceed the TUL for vitamin A. It is recommended that
government consider opportunities to review advice on supplements and foods containing
vitamin A during infancy.

12.51 Advice on complementary feeding should state that foods containing peanuténd@a S 33
can be introduced from around 6 months of age amakd not be differentiated from other
&2t AR T22Ra® ¢KS RSt AOSNI (S 6 iodXnumtts dfyage2 T LIS |
may increase the risk of allergy to the same foods. Once introdwaati where tolerated,
these foods should be part @Ay FI yi Qa dzadzrf RASGXT G2 &dzad
family. If initial exposure is not continued as partasfA Y F I y 1 Q& dzadzr £ RASGX
increase the risk of sensitisation and subsequfdd allergy. Families of infants with a
history of earlyonset eczema or suspected food allergy may wish to seek medical advice
before introducing these foods.

12.52 Government should keep the risk from lead, acrylamide and arsenic under review. Efforts to
reduce the levels of inorganic arsenic in food and water, and levels of acrylamide in
commerciallyproduced and home&ooked foods should continue.

12.53 Governmentshould considepublic health messages to help ensure that infants areded
appropriate and diverseomplementary feeding diet

12.54 Government should consider ways to monitor the prevalence of overweight and
overfeeding in infants, and ways to address high energy intakes in this age group.

12.55 Government should consider how to address gaps in the evidence fant ifeeding
practices,in the absence of national monitoring of current practidéis includes evidence
gaps onthe prevalence and duration of breastfeeding, use of nutritional supplements, and
use of foods other than breast milk in infancy. The questiand definitions previously
adopted in the Syearly IFS would allow tracking of secular trends and changes in practice
consequent to new recommendations and guidance.
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13 Research Recommendations

Approach

13.1 Throughout the development of this report, a numbefr limitations in study design have
been identified for some of the available researBacommendtions forall future research
are givenbelow.

T

Measure the exclusivity, intensity and duration of breastfeeding as precisely as possible,
preferably by apptiation of standard WHO definitions of breast milk exposure and a
prospective study design. Definitions adopted should be fully explained in publications.

Include a reference group with breastfeeding infants in studies considering altersative
to breast mik or other infant dietary intervention®H, 199%

Minimise the risk of reverse causation by employing prospective data collection for
observational research. Data shoud& collected with sufficient frequency to capture
accurately and precisely the timing of events of interest, given the rapid pace of change
in the infant diet.

Control for potential confounding factors to accurately identify the impact of the diet
and fealing practices at this crucial stage of development. Prospective cohort study
designs reduce the likelihood of recall bias.

Collect detailed information on study populations and exercise considerable care when
making statistical adjustment, to ensure th#te strength and complexity of socio
demographic confounding of infant feeding practices are fully accounted for.

Relate growth outcomes in infant feeding studies to the WHO multicentre growth study
standards (2006) and those set BACN/RCPCH (2007)

Distinguishbetween exposure to fruit ovegetables, charactegsthe dominant sensory
attributes of the foods (taste, texture) and how they were processed

Describe the mode of delivery of feeds and drinks, dgeample, breastfed compared
with expressed breast milk taken from a bottle, and the use of free flow cups.

Topics

13.2 A number of gaps in the evidence were identified during the development of this report.
Furtherresearchshould be considered in the areas boéd below.

Breastfeedingn the UK

l

Establish valid measures of the successful establishment of breastfeeding that go
beyond simple initiation at birth.
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1 Explore the factors influencing caregiver choices on infant feeding and investigate
effective behawur change interventions to promote and suppobreastfeeding
initiation and longer breastfeeding durations.

1 Examine the effect of timing of introduction of solid foods on the duration of
breastfeeding.

Feeding in the first year of life and health outcomes

1 Examine the quality of growth during infancy to distinguish between weight and length
gain and accruals of lean versus fat mass in relation to risk factors and intermediate
markers for chronic nowommunicable diseases.

1 Explore the relationships betweenfant nutrient intake and (i) infant body composition
and (ii) health outcomes in later life.

1 Examine the effect of timing of introduction of solid foods, as opposed to introduction of
infant formula, on health outcomes in exclusively breastfed, exclysinéhnt formula
fed, and mixed fed infants.

Examine the use of expressed breast milk on health outcomes, including oral health.

1 Determine whether the constituents of breast milk inhibit the growth and adhesion of
cariogenic bacteria to the teeth.

1 Identify any association between breast and infant formula feeding and dental caries
when the consumption of other drinks, mixed feeding and toothbrushing habits are
established.

1 Determine the later potential effects of infant food exposures during the start of
complementary feeding (for example vegetables or food variety) on food preferences
and food intakes.

1 Examine the potential impadif different dietary patterns (such as vegetarian or vegan
diets)on infantimmediate and long term health outcomes.

1 Describethe extent of variations in infant feeding practices and examine the potential
AYLI OG 2y GUKS AyFlyidiQa AYYSRAFGS yR f2y3

Micronutrients

1 Explore the benefitisk of universal multivitamin supplementation, including vitamin A,
in infarcy in addition to the many foods and drinks that are already voluntarily fortified
and widely consumed in infancy.

1 Examine the potential role of micronutrients not considered in this report due to the
lack of evidence relevant to the UK. Review status lefsé micronutrients and
implications for health in infants in the UK to support the development of DRVs in
infancy.
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Annexes

Annex APolicy Background

TableA.1 UKrecommendationsfor breastfeeding and the introduiton of complementary feeding

Category of
Recommendations

Presentday practice ininfant feeding.
Report of a working party of the panel on
child nutrition, Committee on Medical
Aspects of Food PolicyDHSS, 19794

Presentday practice ininfant feeding
Report of a workingoarty of the panel on
child nutrition, Committee on Medical
Aspects of Food PolicyDHSS, 1980

Present day practice in infant feeding:
third report. Report on Health and Sodia
Subjects 32(DHSS, 1988

Weaning andhe weaningdiet. Report on
Health and Social Subjects 4®H, 1994

Breastfeeding

Breastfeedhg for a minimum of 2 weeks
and preferably for the first four to six
months of life.

The Working Party endorses the
recommendation published in the 1974
report, that breastfeeding should be
encouraged for the first months of life.

Reaffirms what the 198feport stated,

that the Government Health Departments
should encourage all healthy mothers to
breastfeed their babies.

Mothers should be encouraged and
supported in breastfeeding for at least fou
months and may choose to continue to
breastfeed as the weang diet becomes
increasingly varied.

Introduction of
complementary
feeding

Early introduction of cereals or other solid
foods to the diet before about four monthg
of age should be strongly discouraged.
Cereal foods in any form should not be
added to themilk in bottle feeds.

The age at which the infant should be
offered solid foods varies. The majority off
infants should be offered a mixed diet no
later than six months, while very few will
require solid foods before the age of threg
months.

The majority ofnfants should be offered a
mixed diet not later than the age of six
months. Breastfeeding or feeding with
infant formula can, with advantage, be
continued to at least the end of the first
year as part of a mixed diet.

The majority of infants should ndse given

solid foods before the age of four months
and a mixed diet should be offered by the
age of six months.

Recommended/
common first
complementary
foods to be
introduced to the
infant's diet

Cereal powders and rusks made from
wheat flour are the mostommon first
solid foods introduced to the infant's diet.
These are often sweetened and may be
fortified with vitamins and minerals.

The most common first solid foods
introduced to the infant's diet are wheat
based cereal foods.

The Office of PopulationeBsuses and
Surveys reported that the first foods used
during weaning were rusks, cereals and
commercial baby foods.

An adequate intake of protein with a
proper balance of essential amino acids
should be ensured during weaning. Infant
being weaned on distrestricted in animal
protein (e.g. a vegetarian diet) should
particularly be offered a variety of foods
each meal. Thevorkinggroup
recommends nofwheat cereals, fruit,
vegetables and potatoes as suitable first
weaning foods.

Mode of feeding

Semisolid foods should be given from a

spoon and should not be mixed with milk
or other drink in a bottle. From six monthg
of ages, infants should be introduced to
drinking from a cup and from age one yeg
onwards, drinking from a bottle should be|
discournged.
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Category of
Recommendations

Presentday practice ininfant feeding
Report of a working party of the panel on
child nutrition, Committee on Medical
Aspects of Food PolicyDHSS, 1974

Presentday practice ininfant feeding
Report of a workingoarty of the panel on
child nutrition, Committee on Medical
Aspects of Food PolicyDHSS, 1980

Present day practice in infant feeding:
third report. Report on Health and Sodia
Subjects 32(DHSS, 1988

Weaning andhe weaningdiet. Report on
Health and Social Subjects 4®H, 1994

Progression of
complementary
feeding

¢

¢

¢

Food consistency should progress from
pureed through minced/mashed to finely
chopped. By the age of one year the diet
should be mixed and varied.

Allergens The use of wheat cereal at an early age | Inrelation to developing gluten For the majority of infants whedtased Where there is a family history of atrophy
(before four to six months) is to be enteropathy, for the majority of infants cereal foods present no hazard of inducin or gluten enteropathy, mothers should be
discouraged. there is no evidence that wheditased coeliac disease. Those at risk of eleping | encouraged to breast feed for six months

cereals are a food hazard. coeliac disease cannot be identified in or longer. Weaning before six months
advance. should be discouraged. The introdumti of
foods traditionally regarded as allergenic
should be delayed until six months at the
earliest.
Vitamin Vitamin supplementation should be made| Vitamin supplements should be advised f{ Vitamin supplementation should be given| Breastfed infants underixmonths do not

supplementation

available to children during at least the fir
year of life. A single dose of the vitamin
supplement, made available by the UK
government, contains the recommended
daily intake of three vitamins (vitamin A, ¢
& D). Breastfed babies should receive thr
drops daily from the first month, increasin
slowly to serval drops daily at four monthg
Bottle fed babies should receive two drop
daily from the first month and increase to
four drops daily at four months. When
breast or bottle feeding stops, all infants
should receive seven drops daily.

all expectan@and lactating mothers and to
infants and young children up to the age
five years. Thavorkingparty recommends
altering the dosage of the vitamins for
infants to a standard dose of five drops
from the age of one month until at least
two years and prefably five years.

to infants and young children aged from s
months up to at least two years and
preferably five years. The Working Party
endorses the dosage recommended in th
1980 report.

need vitamin supplementation provided
the mother had an adequate vitamin staty
during pregnancy.

From age six months, infants receiving
breast milk as their main drink should be
given supplements of vitamins A and D.
Infants fed on manufctured milks do not
need vitamin supplements provided their
consumption of infant formula/follow on
milk is more than 500ml per day. If they
are consuming these milks in smaller
F'Y2dzyGa 2NJ I NB 0SAy
vitamins A & D should be given.

Addition of
sugar/salt to
complementary
foods

Sugar or salt should not be added to the
solid foods in an infant's diet.

Sugar or salt should not be added to the
solid foods in an infant's diet.

Salt should not be added and additional
sugars should be limited to that needed fq
palatability of sour fruits.

Aninfantis a child who has not attained the age of one year and a young child is a child aged from one yedhsee

I Aad2NROI £ 8
breastfeedingZ NJ YA f |
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TableA.2 World Health Organization (WHO) recommendations for breastfeeding and theotfuction of complementary feeding

Category of
Recommendations

WHO/UNICEReeting oninfant
andyoungchild feeding
(WHO/UNICEF, 1980

Feeding andhutrition of infants
andyoungchildren. Quidelines
for the WHO Eumpean Region,
with emphasis on the former
Soviet countries
(WHO Europe, 2003

Guiding principles for
complementaryfeeding of the
breastfed child.
(PAHQ 2003

Guiding principles for feeding
non-breastfed children 624
months of age 2086.
(WHO, 200%

Essentiahutrition actions:
improving maternal, newbon,
infant and young child health

and nutrition.
(WHO, 2013

Breastfeeding

For optimal breastfeeding the usé ¢
supplementary bottle feeding
(water and formula) should be
avoided. Fully breastfed babies
should not need to be introduced tc
complementary foods before four
to six months of age.

All infants should be exclusively
breastfed from birth to about six
months (26 weeks) of age and at]
least for the first four months of
life. Breastfeeding should
preferably continue beyond the
first year of life.

Exclusive breastfeeding from
birth to six months of age.

Exclusive breastfeeding for the
first six months of life. bwever it
is recognised that this may not b
possible for all infants.

Exclusive breastfeeding for the
first six months of life.

Introduction of
complementary
feeding

Complementary foods will need to
be introduced between four and six
months of age.

Compementary foods should be
introduced at about six months o
age. Some infants may need
complementary foods before this|
time, but they should not be
before four months of age.

Introduction of complementary
foods at six months of age, with
small amounts ofdod, while
maintaining frequent
breastfeeding.

Introduction of complementary
foods at six months of age with
continued breastfeeding up to
two yearsor beyond.

After six months of age infants
should receive nutritionally
adequate and safe
complementary éods while
breastfeeding for up to two years
of age or beyond.

Recommended/
common first
complementary
foods to be
introduced to the
infant's diet

Foods that are locally available in
the home can be made suitable for
weaning.

Infants should be fed a wide
variety of foods of high nutritiona
value. First foods offered should
be singleingredient, pureed
foods with a smooth consistency
Examples include pureed home
cooked rice, mashed potato and
pureed fruit or vegetables.

Feed a variety of foods to ensurg
nutrient needs are met. Meat,
poultry, fish or eggs should be
eaten daily or as often as
possible.

Infants can eat pureed, mashed
and semisolid foods beginning at
six months of age.

Small amounts of a variety of
foods to ensure nutrients needs
are met andncrease quantity as
the child gets older.

Mode of feeding During weaning, infants should be | Infant should become (0] (0] (0]

fed by cup and spoon or other accustomed to eating from a

suitable utensils. spoon.
Progression of [0} As infantscontinue to develop, Infants can eat pureed, mashed | By age eight months most infts | ¢
complementary foods of a thicker consistency an| and semisolid foods beginning at| can also eat finger foods. By 12
feeding lumpier texture may be six months. By eight months, months of age, most children cal

introduced. most infants can also edtnger eat the same types of foods as
foodxQ consumed by the rest of the
family.

Allergens (0} (0} No restrictions advised. (0] ®
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WHO/UNICEReeting oninfant

Feeding andhutrition of infants
and youngchildren. Cuidelines

Guiding principles for

Guiding principles for feeding

Essentiahutrition actions:
improving maternal, newbon,

Category of andyoung child feeding for.the WHO Eunpean Region, complementaryfeeqlng of the non-breastfed children 624 infant and young child health
Recommendations (WHO/UNICEF, 1930 with emphasis on the former breastfed child. months of age 208. and nutrition
’ Soviet countries (PAHQ 2003 (WHO, 2005 (WHO 2013'
(WHO Europe, 2003 '
Vitamin Vitamin supplementation can Use fortified complementary Vitamin supplements that contair| Use fortified complementary

supplementation

differ between countries.

foods or vitamirmineral
supplements for the infant, as
needed.

iron and the use of fortified foods
should be taken as needed. If
adequate amounts of animal
source foods are not consumed,
fortified foods or supplements
should contain other nutrients,
such as zinc, calcium and vitamir
B12.

foodsor vitaminrmineral
supplements as required.

Addition of
sugar/salt to
complementary
foods

Complementary foods should
have no added sugar, salt or
strong seasoning such as curry
powder or chilli pepper.

Avoid giving sugary drinks such
soda.

¢
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Annex BEnergy requirements

TableB.1 Energy content ofissue deposition of infant

Age interval (months)| Protein gain (g/d) | Fat mass gain (g/d) Energy deposited in growing tissues (kJ/
Boys
0-3 2.6 19.6 25.1
3-6 2.3 3.9 11.6
6-9 2.3 0.5 6.2
9-12 1.6 1.7 114
Girls
0-3 2.2 19.7 26.2
3-6 1.9 58 15.6
6-9 2.0 0.8 7.4
9-12 1.8 1.1 9.8

Gross energy equivalents: 1g protei23:6kJ (5.65 kcal); 1g fat = 38.7kJ (9.25kcal)
Source (Butte, 2005
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TableB.2 Estimatedaverage equirement (EAR) for infantsq12 months of age

Age (months)

Total energy expendituré TEE}kJ/day)

EAR

Breastfed Breast mik substitutefed | Feeding mixed or unknown Breastfed Breast milk substitutefed | Feeding mixed or unknowr
TEE = 388 Weight (kg$35 TEE = 346 Weight (kg)L22 TEE =371 Weight (@#16 | 3/day | ki/kg per day| kiiday | kitkg perday | kiiday | kdfkg per day
Boys
1 1099 1425 1242 2030 454 2356 527 2173 486
2 1522 1802 1647 2421 435 2701 486 2546 458
3 1837 2082 1947 2505 393 2750 432 2615 411
4 2081 2300 2181 2321 332 2540 363 2421 346
5 2279 2476 2370 2474 329 2671 356 2565 342
6 2442 2622 2526 2602 328 2782 351 2686 339
7 2585 2750 2663 2661 321 2826 340 2739 330
8 2706 2857 2778 2769 322 2920 339 2841 330
9 2818 2957 2886 2877 323 3016 339 2945 331
10 2919 3047 2982 3016 329 3144 343 3079 336
11 3016 3134 3075 3109 330 3227 343 3168 337
12 3109 3217 3164 3199 332 3307 343 3254 337
Girls
1 991 1328 1138 1819 434 2156 514 1966 469
2 1355 1653 1487 2165 422 2463 480 2297 448
3 1631 1899 1751 2241 384 2509 430 2361 404
4 1856 2099 1966 2154 336 2397 373 2264 353
5 2042 2265 2144 2288 332 2511 364 2390 346
6 2197 2404 2292 2401 329 2608 357 2496 342
7 2329 2521 2418 2412 316 2604 341 2501 327
8 2450 2629 2533 2525 318 2704 340 2608 328
9 2554 2722 2634 2620 319 2788 339 2700 328
10 2655 2812 2730 2738 323 2895 341 2813 332
11 2748 2895 2819 2825 324 2972 341 2896 332
12 2838 2975 2904 2912 325 3049 341 2978 333

& Calculated as TEE + energy deposition (kJ/day)TabieB.3

Source (SACN, 2013a
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TableB.3 Weights, growth and energy deposition rates for infantsgl2 months of age

Age (months) Weight (kg§ Weight velocity (g/day? Energy deposition (kJ/g Ener?k)‘/]/(iljisc;snlon
Boys
1 4.47 37.1 25.1 931
2 5.56 35.8 25.1 899
3 6.37 26.6 25.1 668
4 7 20.7 11.6 240
5 7.51 16.8 11.6 195
6 7.93 13.8 11.6 160
7 8.3 12.2 6.2 76
8 8.61 10.2 6.2 63
9 8.9 9.5 6.2 59
10 9.16 8.5 11.4 97
11 9.41 8.2 11.4 93
12 9.65 7.9 11.4 90
Girls
1 4.19 31.6 26.2 828
2 5.13 30.9 26.2 810
3 5.84 23.3 26.2 610
4 6.42 19.1 15.6 298
5 6.9 15.8 15.6 246
6 7.3 13.1 15.6 204
7 7.64 11.2 7.4 83
8 7.95 10.2 7.4 75
9 8.22 8.9 7.4 66
10 8.48 8.5 9.8 83
11 8.72 7.9 9.8 77
12 8.95 7.6 9.8 74

aggh percentile weight for age of the WHO Child Growth StandanidO MGRS, 2006b
b 50" percentile weight increment of the WHO Childo@&th Standard¢WWHO MGRS, 200Bb

Source (SACN, 201)3a
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TableC1 Infant feeding, growth ancdhealth: systematic reviews and metanalyses

Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Bachrach et al
(2003)

Funding
Not specified

Declaration of

interest DO)
Not specified.

Meta-analysis to examine
breastfeeding and the risk
of hospitalgation for LRTD
in healthy term infants with
access to modern medical
care.

9 studies included:

- 7 cohort studies, allowing
summary relative RR to be
reported

- 1 crosssectional analysis

(OR)

- 1 ecological design (OR)

Studies included
characterised
breastfeeding as
exclusive (little or
no formula offered)
and provide a
duration of
exclusive
breastfeeding EBJy
for2,4o0or6
months, or total
(any) breastfeeding
for longer
durations.

The breastfeeding
inclusion criterion
was an EBF of 2
months minimum
or 9 months of total
(any) breastfeeding
compared with its
absene.

Healthyterm

infants in HIGthat
is, high living
standards in terms
of access to moderr]
medication and
sanitation).

The metaanalysis
evaluated the risk
of hospitalisationin
3,201 breastfed
subjects and 1,324
non-breastfed
subjects.

Countries
US,Canada, New
Zealand, Australia,
Scotland, Norway

LRTD
hospitalisatiorrates

LRTDncluded:
bronchiolitis,
asthma, bronchitis,
pneumonia,
empyema,
infections due to
specific agents
(such as respiratory|
syncytial virus)

Comments by the authors
The effectof smoking and
SES as possible confoundg
of the relationship between
breastfeeding and
hospitalisation folLRTD
were investigated.

The summary RR of respiratory disease
hospitalisation for 4 months of EBF compared to
no breastfeeding was 0.28 (95% CHQOd. 0.54),
using a randonreffects model. This effect
remained stable and statistically significant after
adjusting for the effects of smoking 8ES

EBF for 4 months or more appears to decrease t
risk of respiratoryhospitalisationin infancy to one
third or less the risk observed for formula fed
infants, even irHICwith high standards of living
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Bowatte et al
(2015)

Funding

The Bill and
Melinda Gates
Foundation; the
WHQ

DOl
None to declare

Systematic reviewvith
meta-analysis to synthesis
the evidence on the
association between
duration and exclusivity of
breastfeeding and risk of
AOM.

24 studies included:
- 18 colort studies
- 6 crosssectional studies

Definitions,
durations and
methods of feeding
practices (exclusive
partial, formula,
solid or
combinations
coupled with
duration of feeding)
were highly variable
between studies.

4 categories
identified for the
meta-analyse:

1) EBF vs not EBF ¢
not breastfed
during first 6
months

2) ever vs never
breastfed

3) any
breastfeeding>3-4
months vs<3-4
months

4) more or less
breastfeeding

Numbers of
participants in the
studies included
ranged from 281 to
11,349.

Thecohort studies
followed subjects
from birth to a
mean of 6 to 24
months (2 reported
outcomes at 5 and
6 years).

The crosssectional
studies reported
outcomes from 12
months up to 8
years.

Countries
Europe and North
America

Development of
AOM defined a:

- doctor diagnosed
AOM

- parent or self
reported AOM

- AOM recorded on
health-related
databases

Studies reported
either current or
past disease or
recorded
healthcare
utilisation for AOM.

Comments by the authors
Potential confounders on
AOM and brestfeeding:

- parental history of allergy
- number of siblings

- day care attendance

- maternal smoking/
secondhand smoke
exposure

- gender

- ethnicity

-SES

The authors noted that
while some studies
adjusted for these
covariates, some were not
adjustedfor any
confounders and some
were adjusted for only a
few. This may have causeqd
some bias in the meta
analysis results but there
were too few studies in
each stratum to perform
analysis stratified by good
vs poor adjustment for

confounders.

In the pooled aalysis, any form of breastfeeding
was found to be protective for AOM in the first 2
years of life.

EBF for the first 6 months was associated with th
greatest protection (OR 0.57; 95% CI 0.44 to 0.7|
p addzRASauvxr F2tt268R ¢
ohw nocTtT Pz /L nodpd
P& YySOSND oNBlFalGdFSSRAY
0.80; 5 studies).

The authors concluded that this systematic revie
found good evidence that breastfeeding is
associated with a reduced risk of AOM itgr the
first two years of life, with an average reduced rig
of 30%to 40% in all categories of breastfeeding.
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Study reference Study design Definitions Participants Outcome measures Confounders Findings
Horta & Victora Systematic reviewvith The definitions and | Studies in infants - Overweight and Comments by the authors | Overweightobesity
(2013) meta-analysido address classifications were excluded as | obesity The authors highlighted In the pooled analyses of all studies, breastfeedi

Funding
Not specified

DOl
Not specified

the longterm effects of
breastfeeding.

This review being an
update of the 2007 review
by the same authors on the
long-term effects of
breastfeeding, only articles
published from 2006 (to
allow late inclusion in
databases) to September
2011 wee searched.

Number of studies
included, by outcome

- Overweight and obesity
33 new studies identified;
71 studies (75 estiates)
included in metaanalysis.

- Blood pressure

8 new studies identified; 36
studies (37 estirates)
included in metaanalyss.

- Serum cholesterol

8 new studies identified; 35
studies (42 estimates)
included in metaanalysis

- Type2 diabetes

3 new studies identified; 10
studies included in meta
analysis

- Intellectual performance
8 new studies identified; 13
studies (14 estimates)
included in metaanalysis

varied across
studies.

The authors did not
apply any
restrictions on the
type of
categorsation of
breastfeeding
(nevervsbreastfed,
breastfed for more
or less than a given
number of months,
exclusively
breastfed for more
or less than a given
number of months).

Studies that did not
use an internal
comparison group
were excluded.

the aim of this
review as to assess
the longterm
effects of
breastfeeding.

Countries
Most studies were
derived from HIC.

- Blood pressure

- Serum cholesterol
- Type-2 diabetes

- Intellectual
performance

that confounding is one of
the challenges in
interpreting the evidence of
observational studies and
that even large studies that
measures the possible
confounders may still be
affected by residual
confoundings.

In HIC, breastfeeding
mothers are more likely to
be healthconscious and,
therefore, to promote
healthy habits to their
infants, including
prevention of obesity,
promotion of physical
activity and intellectual
stimulation. This self
selection bias should
therefore be treated as a
confounding factor.

The authors noted that as
their meta-analyses are
almost exclusively based o
observational studies, the
possibility of seselection
and residual confounding
must be considered.

was associated with a 24% reductioroirerweight
and/or obesity, but the reduction was only 12% i
the high-quality studies. The authors concluded
that breastfeeding may provide some protection
against overweight or obesity, but residual
confounding cannot be ruled out.

Blood pressure
The pwled estimate from the higlguality studies

indicates a small reduction of less than 1 mmHg
systolic pressure among breastfed subjects, and
significant protection in terms of diastolic
pressure. The authors concluded that the
protective effect of brastfeeding, if any, is too
small to be of public health significance.

Total cholesterol
Breastfeeding does not seem to protect against
total cholesterol levels.

Type 2 diabetes
There was substantial protection in the pooled

analyses, with a 34% reductioput few studies are
available and their results were considerably
heterogeneous. The authors concluded that
further studies were needed on this outcome.

Intelligence tests
Breastfeeding was associated with an increase i

3.5 points in normaded test sores in the pooled
analyses of all studies, and 2.2 points when only
the high-quality studies are included. The authors
concluded that there is strong evidence of a cau
effect of breastfeeding on 1Q, although the
magnitude of this effect seems to be mext.

The metaanalyses of overweight/ obesity, blood

pressure, diabetes and intelligence suggest that
benefits are larger for children and adolescents,

and smallest among adults, suggesting a gradua
dilution of the effect with time.
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Horta et al (2015)

Funding
Bill and Melinda

Gates Foundatian

Dol
None to declare

Systematic reviewvith
meta-analyses to study the
association between
breastfeeding and
performance in intelligence
tests. Update ofHorta &
Victora, 2013 focusing
only onthe intellectual
performance as an
outcome.

Only articles published
from September 2011 to
Decembe 2014 were
searched and new studies
were identified

In total, 17 studies with 18
estimates of the
relationship between
breastfeeding and
performance in intelligence
tests were included in the
meta-analyses.

The type of
comparison group
(never breastd,
breastfed for less
than x months, etc)
and exposed group
(ever breastfed,
breastfed for more
than x months,
exclusively
breastfed for x
months) was not
considered as
eligibility criteria.

However, studies
that did not use an
internal comparison
groupwere
excluded.

Only studies carried
out among subjects
older than 1 year of
age were included.

Cognition,
measured using
standard tests

Comments by the authors
Selection criteria of the
studies: estimates had to
be adjusted for stimulation
or interaction with the
child.

The authors highlighted
that maternal IQ is an
important confounder that
account for part of the
association between
breastfeeding and
performance in intelligence
tests. Therefore, estimates
were adjusted for maternal

Q.

In a randomeffects model, breastfed subjects
achieved a higher 1Q (mean difference 3.44 poin
95% CI 2.30 to 4.5®ints). No evidence of
publication bias was found.

Studies that controlled for maternal 1Q showed a
smaller benefit from breastfeeding (mean
difference2.62 points; 95% CI 1.25 to 3.88ints).

Studies that evaluated subjects aged between 1
and 19 years also reported a smaller benefit fron
breastfeeding (mean difference 1.92 points; 95%
0.43 to 3.4(points) than studies involving younge
subjects (nean difference 4.12 points; 95% CI 2.5
to 5.73points).

In the metaregression, none of the study
characteristics explained the heterogeneity amor
the studies.

A positive effect of breastfeeding on cognition wé
observed in a randomised trial, suggestia causal
association.

The authors concluded that breastfeeding is
related to improved performance in intelligence
tests.
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Ip et al (2007)

Funding
The Agency for

Healthcare
Research and
Quality (AHRQ) and
its EvidenceBased
Practice Centres
(EPCs); the Office
2y 22YS8SyQ
of the Department
of Health and
Human Services
(DHHS).

bol
None to declare

To note

This report was
requested by tle
DHHS Office on
22yYS8Sy0a |
and was conducted
through EPC
program at the
AHRQ

Systematic review and
evidence report to
summarse the literature
concerning the relationship
of breastfeeding and
various infant and maternal
health outcomes.

Studies inalded:

- 29 systematic reviews or
meta-analyses (covering
about 400 individual
studies)

- 43 primary studies on
infant health outcomes

- 43 primary studies on
maternal health outcomes

The majority of the
studies did not
distinguish between
exclusive and
partially breastfed
infants.

For this review, all
definitions of EBF
were accepted as
provided by the
different study
authors.

Participants

- healthy term
infants

- preterm infants
- healthy mothers

Countries
HIC

Full term infant

Comments by the auther

outcomes

-AOM

- atopic dermatitis
- gastrointestinal
infections

- hospitalisation for
LRTI

-asthma

- cognitive
development

- obesity

- risk of
cardiovascular
disease

-type land 2
diabetes

- childhood cancer
(including leukemia)
- infant mortality

- sudden infant
death syndrome

Preterm infant
outcomes

- necrotizing
enterocolitis

- cognitive
development

Maternal
outcomes

- maternal weight
change

- maternal type 2
diabetes

- osteoporosis

- postpartum
depression

- breast cancer

- ovarian cancer

One of the wetknown
confounders in
breastfeeding research is
the demographic difference
between mothers who
breastfeed and those who
chose not to: mothers who
breastfeed tend to be
white, older, more
educated and in a higher
SES. While it is possibke t
control for some of these
factors, it is not possible to
control for behavioural or
attitudinal factors intrinsic
in the desire to breastfeed.
The confounding factors
identified by the authors
are listed below for the
outcomes of interest in this
report.

Full term infant outcomes
AOM parental history of
allergy, number of siblings,
use of day care, maternal
smoking, gender, ethnicity,
SES.

Atopic dermatitis gender,
SES, family history of atopy
parental smoking, presence
of furry animals in the
home.

Gastrointestinal infection

Key findings for this repart

Full term infant outcomes

AOM

23% (95% CI 9 to 36%) reduction when compari
ever breastfeedingvith exclusive formula feeding
50% (95% CI 30 to 64%) reduction when parmg
EBF with exclusive formula feeding either for >3
>6 months.

Atopic dermatitis

429%(95% Cl& 2 pd: 0 NBRdAzO( A 2
months compared with <3 months in children wit
a family history of atopy.

Gastrointestinal infection

Areduction in the isk of nonspecific
gastrointestinal infections during the first year of
life was identified in breastfed infants from HIC.

LRTI

72% (95% CI 46 to 86%) reduction in the risk of
hospitalisationdue to LRTI in infants <1 year of a
K2 gSNB 9.C xn Y2yiK3j

Asthma

27% (95% CIt® 41%) risk reduction in those
without a family history of asthma for

ONBI aiFSSRAghparewithYi@ y (i K
breastfeeding.

40% (95% CI 18 to 57%) risk reduction in childre
<10 years of age with a family history of asthma
whoweredo NBF a0 FSR %o Y2yl
breastfeeding.

Cognitive development

SESchild care variables
(home vs day care, degree
of crowding at home, etc)
LRTIsmoking SES

Asthma age, SES, family
history of atopy, parental
smoking

Little or no evidencavasfound for an association
between breastfeeding and cognitive performand
in childhood.

Obesity/overweight
There is an association between breastfeedimg a
a reduction in the risk of being overweight or
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Cognitive development
SES, maternal education,
birthweight, gestaibnal
age, birth order, gender
Obesity/overweight birth
weight, parental
overweight, parental
smoking, dietary factors,
physical activity, SES, age,
sex, birth order, number of
siblings

Cholesteral BMI, height,
SES

Blood pressureage,
gender, raceheight, BMI
Risk of CVD mortalityge,
birth weight, infant health,
SES, birth order

Maternal outcomes
Maternal weight change
pre-pregnancy weight or
BMI, age, educational level
physical activity, parity,
smoking status, dieting
practice, ethnicity
Osteoporosis age,
hormone replacement
therapy, parity, BMI
Breast cancermparity,
number of children
breastfed, lifetime duration
of breastfeeding,
menopausal status, ethnic
origin, education, family
history of breast cancer,
age at menarche, height,
weight, BMI, use of
hormonal contraceptives,
alcohol, tobacco

obese in adolescence and adult life: 24% (95% (
14 to 33%) reduction inne metaanalyse; 7%
(95% CI 10 12%) in another one and &one
found a 4% risk reduction for each additional
month of breastfeethg.

Risk of CVD

The relationship between breastfeeding in infanc
and the risk of CVD could not be confidently
charactersed and need further investigation.

Maternal outcomes

Maternal weight change
Theeffects of breastfeeding on postpartum weigli
losswere unclear.

Osteoporosis
There is little or no evidence for an association

between lifetime breastfeeding duration and the
risk of fractures due to osteoporosis.

Breast cancer

Gonsistent evidence suggests that there is an
association between breastfdang and a reduced
risk of breast cancer: 4.3% reduction was found
each year of breastfeeding in one metaalysis
FYyR Hy: NBRdzOGAZ2Y F2NJ
breastfeeding in another.
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Kramer & Kakuma
(2002)

Funding
McGill University

(CGanada); Canadian
Institutes of Health
Research; Canadiar
Cochrane Network;
Department of
Nutrition for Health
and Development
(WHO, Switzerland)

DOl

MSKis the principal
investigator of
someof the studies
included in this
review.

Systematic review to asss
the effects on child health,
growth and development,
and on maternal health, of
EBF for 6 months vs EBF fi
3 to 4 months with mixed
breastfeeding thereafter
through 6 months.

16 independent studies (32

articles) included
-2 RCTs

- 14 observationastudies

Only the studies with an
internal comparison gnap
were included in the
review. Thereforestudies
based on external
comparisons (with
reference data) were
excluded.

Definition of EBF
varied considerably
across studies and
few studies strictly
adhered to the
WHO definition. In
some studies, EBF
included water,
teas or juices or
even small amount
of infant formula.

Mixed
breastfeeding
introduction of
complementary
liquid (juices,
formula, other
milks, other liquids)
or solid foods with
continued
breastfeeding

The selection
criteria was an EBF
¥c Y2YUiKa&
compared with an
EBF of at least 3 to
4 months with
continuedmixed
breastfeedingor at
least 6 months.

Healthyterm
infants and their
mothers from both
LMIC and HIC.
Studies of or
including lowbirth
weight 2,5009)
infants were not
excluded provided
that they were born
G GSN¥a
completed weeks).

Countries

Of the 16 studies, 7
were carried out in
LMIC (2 of which
were the RC§ and
9in HIC (all
observational
studies).

Infant outcomes

Comments by the authors

- growth (weight
length, head
circumference, z
scores for weight
for-age, lengtHor-
age, weightfor-
length)

- infections,
morbidity, mortality
- micronutrient
status

- neuromotor and
cognitive
development

- asthma, atopic
eczema, other
allergic diseases
-type 1 diabets

- blood pressure
and subsequent
adult chronic
diseases such as
hypertension,
coronary heart
disease, type 2
diabetes,
inflammatory and
autoimmune
diseases.

Maternal
outcomes

- postpartum
weight loss

- duration of
lactational
amenorrhea

- chronic diseass
such as breast and
ovarian cancer

- osteoporosis

For growth and morbidity
outcomes, the pertinent
confounding factors were
defined by the authors as
being:

-SES

- water supply

- sanitation facilities

- parental height and
weight

- birth weight

- weight and length at 3
months (or age at which
complementary feeding
was introduced in the
mixed breastfeeding

group)

Neither the trials nor the observational studies
suggest that infants EBF for 6 months show defi
in weight or lemgth gain, although larger sample
sizes would be required to rule out small increas
in the risk of undernutrition.

The data are scarce with respect to iron status, k
at least in LMIC where nefborn iron stores may
be suboptimal, they suggest that EBREhout iron
supplementation through 6 months may
compromise hematologic status.

Based primarily on one observational study of a
large randonsed trial in HIC, infants EBF for 6
months or more appear to have a significantly
reduced risk of one or morepesodes of
gastrointestinal infection.

No significant reduction in risk of atopic eczema,
asthma, or other atopic outcomes was
demonstrated.

Data from the 2 RCT suggest that EBF through €
months is associated with delayed resumption of
menses and moreapid postpartum weight loss in
the mother.

The authors concluded that the available eviden
demonstrates no apparent risks in recommendin
EBF for the first 6 months of life in both LMIC an
HIC.
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Kramer & Kakuma
(2012)

Funding
McGill University

(Canada); Canadiar|
Institutes of Health
Research; Canadiar
Cochrane Network;
Department of
Nutrition for Health
and Development
(WHO, Switzerland)

DOl

MSKis the pricipal
investigator of
someof the studies
included in this
review.

Update to the systematic
review (Kramer & Kakuma,
2002 to assess the effects
on child health, growth and
development, and on
maternal health, of EBF for
6 months vs EBF for8
months with mixed
breastfeeding thereafter
through 6 months.

This updated review
included7 new
independent studiesnd
data from 2 studies
included in the original
review were updated (both
from HIC).

In total, 23 independent
studies were included:

-2 RC%

- 21 observational studies

Only those studies with an
internal comparison group
were included in the
review. Therefore studies
based on external
comparisons (with
reference data) were
excluded.

See (Kramer &
Kakuma, 200R

See (Kramer &
Kakuma, 200R

Qountries

Of the 23 studies,
11 were carried out
in LMIC (2 of which
were the RCT) and
12 in HIC (all
observational
studies).

See (Kramer &
Kakuma, 200R

See (Kramer & Kakuma,

2002.

Neither the trials nor the observational studies
suggest that infants ho continue EBF for 6
months show deficits in weight or length gain,
although larger sample sizes would be required
rule out modest differences in risk of
undernutrition.

In LMIC settings where nelaorn iron stores may
be suboptimal, the evidence suegfs that EBF
without iron supplementation through 6 months
may compromise hematologic status.

Based on 1 study in HIC, 6 months of EBF confe
no benefit {s3 months of EBF followed by
continued partial breastfeeding through 6 month
on height, weightBMl|, dental caries, cognitive
ability, or behaviour at 6.5 years of age.

However, infants who continue EBF for 6 monthg
or more appear to have a significantly reduced ri
of gastrointestinal and respiratory infection.

No significant reduction in tksof atopic eczema,
asthma, or other atopic outcomes was
demonstrated.

Data from the 2 RGEnd from 2 observational
studies in LMIC suggest that EBF through 6 mor
is associated with delayed resumption of mense
and more rapid postpartum weight logsthe
mother.

¢KS | dziK2NRa O2yOf dzai 2
that is, that the available evidence demonstrates
no apparent risks in recommending EBF for the

first 6 months of life in both LMIC and HIC.
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Sankar et al (2015)

Funding
None to declare

Dol
None to declare

Systematic reviewvith
meta-analysis to compare
the effect of predominant,
partial or non
breastfeedinggsEBF on all
cause and infeabin-related
mortality rates from 0 to 6
months of life, and effect of
no BF on mortality rates
between 6 to 23 months of
age.

13 studies included:

- 9 prospective cohort
studies

- 2 casecontrol studies

- 2 secondary analyses fror
RCTs

WHO definitions
used for classifying
breastfeeding
exposure categories
(exclusive,
predominant,
partial, or non
breastfeeding).

n=46,499 infants
aged <2 years

Countries

6 studies from
Africg 2 studies
from Latin America
5 studies from
SouthEast Asial
study from Easter
Mediterranean 1
study from Western
Pacific

To note

One study reported
data from 3
different regions

All-cause mortality
and infection
related mortality at:
0 to 5 months; 6 to
11 months; 12 to 23
months of age.

Infectionrelated
mortality included
deaths due to any
infection including
sepsis, meningitis,
pneumonia,
diarrhoea, measles,
malaria, etc.

Comments by SACN

No discussion on
confounding factors was
included in the review. The
authors opted for a more
inclusive approacto
enablemore studiego be
included. As a result, most
of the data used in the
meta-analysis were
unadjusted.

Risk of alcause mortality was higher in
predominantly (RR 1.48; 95% CI 1.14 to 1.92; 3
studies), partially (RR 2.84; 95% CI 1.63 to 4.97;
studies) and notbreasted (RR 14.4; 95% CI 6.13
to 33.9; 2 studies) infants compared with infants
EBF from 0 to 5 months of age.

Children aged 6 to 11 months and 12 to 23 mont
of age who were not breastfed had 1.8 (RR 1.76
95% Cl 1.28 to 2.41; 4 studies) and 2.0 (RR 1.97
95% CI 1.45 to 2.67; 6 studies) fold higher risk of
mortality, respectively, compared with EBF infan

Risk of infectiorrelated mortality from 0 to 5
months was higher in predominantly (RR 1.7; 95
Cl 1.18 to 2.45; 3 studies), partially (RR 4.56; 95
Cl2.93 to 7.11; 3 studies) and ndmeastfed (RR
8.66; 95% CI 3.19 to 23.5; 2 studies) infants
compared with EBF infants. The risk wefsld
higher in norbreastfed children aged 6 to 23
months.
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TableC2 Infant feeding, growth and healthexperimental evidence

Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Cohen et al (1994)

Funding
The Thrasher

Research Fund; ¢h
WHO; UNICEF
Honduras; the
Institute for
Reproductive
Health

Dol
Not specified

To note
Complementary
foods were
provided at reduced
costs by Gerber
Products Company.

RCT to investigate the
effects of age of
introduction of
complementary foods on
infant breast milk intake,
total energy intake, and
growth.

Participants randomly
assigned to 1 of 3 groups:
- groupEBF continued EBF
to 6 months (control)

- group SF introduction of
complementary foods at 4
monthswith ad libitum
nursing

- group SFEM: introduction
of complementary foods at
4 months, with
maintenance of baseline
nursing frequency

Followup
- Weekly between 16 and

26 weeks to assess growth
and morbidity (home visit)
- 3 threeday stays at the Lg
Leche League unit at 16
weeks (4 months)21
weeks (5 months), and 26
weeks (6 months) for
measurement of breast
milk intake, breast milk
sampling, and mi&rnal and

infant anthropometry

EBF breastfeeding
with no other
liquids or solids
until 6 months

Complementary
feeding CH:

introduction of
complementary
solid food at 4
months with either
ad libitum nursing
(SF) or maintenance
of baseline nursing
frequency (SiM).

n=141 infants born
to low income
primiparous
mothers and EBF
for 4 months (152
randomsed but 11
dropped out)

EBFn=50
SEn=47
SFM: n=44

Country
Honduras

-yFlryidaaQ
and length gain,
weightfor-age and
length-for-age

- Infant morbidity
(maternal recall of
illness symptoms
such as fever,
cough, nasal
discharge,
diarrhoea, upper
respiratory illness)
- Timing and
duration of each
breastfed

- Breast milk intake
(measured by test
weighting)

- Slid food intake
(measured by
weighting baby
food jars before
and after)

- Total energy
intake

- Maternal
postpartum weight
loss

Comments by the authors
Commercially baby foods
were used to avoid
potential confounding
factors linked to home
prepared foods.

At 4 months, there was no significant difference
breast milk intake between the groups (average
797g/d).

Between 4 to 6 months, breast milk intake was
unchanged in the EBFagip (+6 g/d) but
decreased significantly in the SEQ3 g/d) and SF
M (-62 g/d) groups (p<0.001).

Change in total energy intake (including solid
foods) and infant weight and length did not differ
significantly between groups. Weight and length
gain fran 4 to 6 months were comparable to thos
of breastfed infants in an affluent USpulation.

The results indicate that breastfed infants self
regulate their total energy intake when other
foods are introduced. As a result, the authors
concluded that therés no advantage in
introducing CF before 6 months of age in this
population, whereas there may be disadvantage
there is increased exposure to contaminated
foods.
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Kramer et al (2001)

Funding
The Thrasher

Research Fund, the
National Health
Research and
Development
Program (Health
Canada); UNICEF;
the European
Regional Office of
WHQ

DOl
Not specified

Cluster RCT to assess the
effects of breasteding
promotion intervention
(PROBIT) on breastfeeding
duration and exclusivity as
well as on gastrointestinal
and respiratory infection
and atopic eczema among
infants.

The PROBIT intervention
was modelled on the
WHO/UNICEBaby-friendly
hospitalinitiative (BFHI).
31 hospitals (and affiliated
polyclinics) randomised to !
of the 2 groups:

- intervention group:BFHI
training of medical,
midwifery and nursing staff
to emphasse breastfeeding
support {ntervention

group

- control group:o continue
their routine practices

Followupat 1, 2, 3, 6, 9,
and 12 maiths of age.

EBFEno solidsor
liquids other than
breast milk.

Predominantly
breastfed no solids

and no milk other
than breast milk;

juices, water, ¢as
and other liquids

permitted.

n=16,491 mother
infant pairs
consisting of
singleton infants,
born at >37 weeks
gestation, weighing
>2500g at birth and
their healthy
mothers who
intended to
breastfeal (17,046
initially recruited).

Country
Republic of Belarus

- Duration of any
breastfeeding

- Prevalerce of
predominant and
EBF at 3 and 6
months

- Occurrence during
the first 12 months
of life of:1 or more
episodes of
gastrointestinal
tract infectiony 2 or
more episodes of
respiratory tract;
atopic eczema and
recurrent wheezing

Comments by the authors
At the group level, a
dichotomous stratification
for region was used:

- west vs east

- urban vs rural

At individual level, for
breastfeeding outcomes:

- birth weight

- maternal age

- history of having
breastfed a previous infant
for 3monthsor longer

At individual level, for
gastrointestinal and
respiratory tract infection:
- birth weight

- number of other children
living in the household

- maternal smoking during
pregnancy (only for
respiratory tract infection)

At individual level, for
atopic eczema

- family atopic history
(asthma, allergic rhinitis,
atopic eczema)

When compared to control infant, infants from th
intervention sites were :

- significantly more likely to be breastfed to any
degree at 12nonths(19.7% vs 11.4%gjusted

odd ratio [ACR] 0.47; 95% CI1 0.32 to 0.69)

-were more likely to be EBF at 3 months (43.3%
6.4%; p<0.001) and at 6 months (7.9% vs 0.6%;
p=0.01)

- had a significant reduction in the risk of one or
more gastrointestinal infection (9.1% vs 13.2%;
AOR 0.60; 95% CI 0.400.91) and of atopic
eczema (3.3% vs 6.3%; AOR 0.54; 95% CI 0.31
0.95)

- no significant reduction in respiratory infection
was observed (intervention group, 39.2%; contrg
group, 39.4%; AOR 0.87; 95% CI 0.5D28)

The authors concluded that thexperimental
intervention increased the duration and degree
(exclusivity) of breastfeeding and decreased the
risk of gastrointestinal tract infection and atopic
eczema in the first year of life.
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TableC3 Infant feeding, growth and healthobservational evidence

Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Collaborative
Group on
Hormonal Factors
in Breast Cancer
(2002)

Funding
Cancer Research

UK, and the
UNDP/UNFPA/WH(
/World Bank special
programme of
research,
development and
research trahing in
human
reproduction

DOl
Noneto declare

Meta-analysis to examine
the relation between
breastfeeding and breast
cancer, taking careful
account of the effects of
other related aspects of
childbearing.

47 epidemiological studies
included

-5 cohort studies

- 27 casecontrol studies
(population controls)

- 15 casecontrol studies
(hospital controls)

Breastfeeding
Definitions varied
across studies.
Most did not
differentiate
between EBF and
the use of
supplementary
feeds. There was
also some variation
between studies in
the definition d
whether or not a
woman had ever
breastfed.

Breastfeeding
durationwas
categorised into:

1) 0 months

HO Xc Y2V
3) 7-18 months

4) 1930 months

5) 3154 months

6) >54 months

Parity

Defined as the total
number of births,
be they livebirths or
stillbirths. If no
information on
stillbirths, parity
was the total
number of
livebirths.

n=50,302 women
with invasive breast
cancern=96,973
control.

Case control and
cohort studies were
eligible if they had
data for at least 100
women with
incident invasive
breast cancer and
had recorded
information on
each woman with
respectto
reproductive
factors and use of
hormonal
preparations.

Countries

studies from 30
countries from HIC
and LMIC

Breast cancer
incidence

Comments by the authors
Relative risks for breast
cancer associated with
breastfeeding were
stratified by age, paritand
g2YSyQa | 384
first child was born, as well
as by study and
menopausal status.

When studying thesffect of
each birth potential
confounding by
breastfeeding can be
eliminated by looking at the
relation between parity and
the relative riskof breast
cancer in women who
never breastfed.

When studying thesffect of
breastfeedingthere is
potentially extensive
confounding by parity and,
to a lesser extent, by age a
first birth. Therefore, all
analyses that examine the
risk of breast canceni
relation to lifetime duration
of breastfeeding were
stratified according to the
number of births and to the|
age at first birth. The trendg
according to duration of
breastfeeding do not vary
significantly by parity or
age at first birth, indicating
no strong interaction with

these factors.

Women with breast cancer had, on average, few
births than did controls (2.2 vs 2.8hd a greater
proportion were nulliparous (16% vs 14%gwer
parous women with cancer than parous controls
had ever breastfed (71% V9%), and their
average lifetime duration of breastfeeding was
shorter (9.8 vs 15.6 months).

The relative risk of breast cancer decreased by
4.3% (95% CI 2.9 to 568p<0.0001) for every 12
months of breastfeeding in addition to a decreas
of 7.0% (95%1 5.0 to 9.9 p<0.0001) for each
birth. The size of the decline in the relative risk o
breast cancer associated with breastfeeding did
not differ significantly for women in HIC and LMI
and did not vary significantly by age, menopausg
status, ethnic dgin, the number of births a
woman had, her age when her first child was bofr
or any of nine other personal characteristics
examined.

It is estimated that the cumulative incidence of
breast cancer in HIC would be reduced by more
than half, from 6.3 t®.7 per 100 women by age
70, if women had the average number of births
and lifetime duration of breastfeeding that had
been prevalent in LMIC until recently.
Breastfeeding could account for almost tsiurds
of this estimated reduction in breast cancer
incidence.

The authors concluded that the lack of or short
lifetime duration of breastfeeding typical of
women inHICmakes a major contribution to the
high incidence of breast cancer in these countrie
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Farland et al (2017)

Funding
National Institutes

of Health; Naibnal
Cancer Institute;
National Institute of
Child Health and
Human
Development; the
Dana Farber and
Hanard Cancer
Center Mazzone
Award

DOl

Support from the
Harvard T H Chan
School of Public
Health, the Eunice
Kennedy Shriver
National Institute of
Chid Health and
Human
Development and
the National Cancer|
Institute was
declared for the
submitted work. No
others financial
relationships,
relationships or

activities to declare

Prospective cohort study

VVVVV Ay
Health study I, 1982011)
to investigate the
association between
lifetime breastfeeding,
postpartum amenorrhea
and incidence of
endometriosis among
parous women.

Lifetime history of
breasting data was
collected in 1993 and
detailed information on
history of breastfeeding
and durdion for each of
their first 4 children in
1997.

Followup questionnaires
every 2 years (health and
lifestyle)

Total duration of
breastfeedingvas
assessed by the
jdzSadazy
breastfed, at what
month did you stop
breastfeeding
altogether.

Duration of EBRvas
assessed by the
jdzSadazy
month did you start
giving formula or
purchased milk at
tSrad RIA
altd eKI G
you start giving
solid food at least
once daily (baby
food, cereal, table
F22R3 SG0O

EBRwas defined as
the ealier of the
two time points.

n=72,394 women
aged 25 to 42 years
in 1989, who had a
at least one
pregnancy lasting ai
least 6 months;
3,296 of whom had
laparoscopically
confirmed
endometriosis

Country
us

Selfreported
laparoscopically
confirmed
endometrbsis (via
questionnaires)

Comments by the authors

Results were stratified by
calendar time with age
(months) and adjusted for
(time varying covariates
updated at every
guestionnaire cycle):

- current BMI

- BMI at age 1§ears

- history of smoking

- useof oral contraceptives
- pregnancies lasting at
least 6months

- age at menarche

- history of infertility

- time since last birth

Duration of total and EBF was significantly
associated with decreased risk of endometriosis.
Among women who reported a difime total

length of breastfeeding <1 month, ¢he were 453
SYR2YSGNR2aAa Ol aSakmiy
O2YLI NBR 6AGK myn OF af§
62YSYy K2 NBLRZ2NIGSR | f
months of breastfeeding.

Every additional 3 months of total breastfeeding
per pregnancy was associated with 8% lower
risk of endometriosis (HR 0.92; 95% C1 0.90to O
p<0.001 trend). Every additional 3 months of EB
per pregnancy was associated with a 14% lower
risk (HR 0.86; 95% CI 0.81to 0.90; p< 0.001 tren
22YSy K2 ONBlIaGFSR T2
across their reproductive lifetime had a 40%
reduced risk of endometriosis compared with
women who never breastfed (HR 0.60; 95% CI Q
t0 0.72).

The protective association with breastfeeding wg
strongest among women who gave birth within th
past 5 yess (p=0.04 for interaction). The
association with total breastfeeding and EBF on
endometriosis was partially influenced by
postpartum amenorrhed% mediated was 34%
[95% CI 15% to 59%6r total breast feeding and
57%[95% CI 27% to 83%6r EBI:
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Study reference

Study design

Definitions

Participants

Outcome measures

Confounders

Findings

Fisk et al (2011)

Funding
Medical Research

Council; University
of Southampton;
British Heart
Foundation; Food
Standards Agency;
University of
Southampton
Research Policy
Committee

DOl
None to declare

Prospective birth cohort
study (embedded in the
SWS) to assess the
relationship between the
duration of breastfeeding
(including mixed feeding)
and the prevalence diRT|
ear infections and
gastrointestinal morbidity

during the first year of life.

Followup at 6 and 12
monthsof age

Breastfeeding
durationwas
defined according
to the date of last
breastfeed and
included all types of
breastfeeding,
including mixed
feeding (breast milk
alongside infant
formula and other
foods and drinks).

A detailed history of]
milk feeding
(human milk,
formulas and other
milks) was obtained
at 6 and 12 months.

Information on age
at which solids
were first regularly
introduced was
collected at 6
months.

n=1,764 singleton
infants bornat >37
weeks gestatioro
SWS participants
(1,981 initially
recruited)

Country
UK

Questions were
asked at 6 and 12
monthsregarding
whether the infant
had suffered from
any of the following
over the previous 6
months:

- diarrhoea lasting 2
or more days

-1 or more bouts of
vomiting lasting 2
or more days

-1 or more
episodes of chest
wheezing/whistling
or woken at night
coughing 3 or more
nights in a row
(prolonged cough)
- diagnosis by a
doctor of chest
infection,
bronchitis,
bronchiolitis,
pneumonia or an
ear infection

Comments by the authors
Statistical analysis to
determinate associations
between breastfeeding
duration, outcomes
measures and 13 maternal
and infant factors.

Maternal factors:

- maternal age

- BMI

- smoking in pregnancy
- months that motter had
been back at work

- whether the mother lived
with a partner

- index of multiple
deprivation

- educational attainment
- social class

Infant factors:
- birth order

- age when solids were first
regularly introduced

- gestational age

- birthweight (adusted for
gestational age and sex)
- sex

81% infants were breastfed initially, and 25% we
breastfed up to 6 months.

There were graded decreases in the prevalence
respiratory and gastrointestinal symptoms
between 0 to 6 months as breastfeeding dtion
increased; these were robust to adjustment for
confounding factors.

The adjusted RR for infants breastfed for 6 or m
months compared with infants who were never
breastfed were 0.72 (95% CI 0.58 to 0.89), 0.43
(95% CI1 0.30 to 0.61) and 0.60 (96¢8.39 to 0.92
for general respiratory morbidity, diarrhoea and
vomiting, respectively.

Duration of breastfeeding in the"half of infancy
was less strongly related to diagnose respiratory
tract infections and gastrointestinal morbidity,
although inportant benefits of breastfeeding werg
still seen.

The adjusted RR for diagnosed ear infections in
first 6 months of infancy was 0.40 (95% CI1 0.21 {
0.76), but the trend in the decreased risk of ear
infections with increasing breastfeeding duration
was not robust to adjustment for confounders.
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