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THE INFLUENCE OF MATERNAL, FETAL AND CHILD
NUTRITION ON THE DEVELOPMENT OF CHRONIC DISEASE
IN LATER LIFE

EXECUTIVE SUMMARY

Introduction

1. Cardiovascular disease, type 2 diabetes and caaeteading causes of death in
the UK and present a major contemporary publictheztiallenge. The causes are
complex. Many environmental exposures modify riskssagiated with genetic
predisposition but diet and lifestyle play a sigraht part. The nutritional status of
the population therefore has implications for tlealth of both current and future
generations.

2. Fetal life and early childhood are periods of ragidwth and development during
which imbalanced nutrient supply may alter bodyatire and functionin a way
that increases later risk of chronic disease. its,gsuch changes may additionally
modify ability to meet the nutritional stressesaasated with reproduction.

3. Understanding the effects of imbalanced nutrienppsu at critical periods of
development requires consideration of experimesatal observational evidence. A
wealth of observational evidence has reported &fsmas between nutritional
status in early life and adult chronic disease. dfixpental evidence suggests
causality and offers insight into mechanisms.

Terms of Reference

4. The Department of Health asked the ‘Scientific AdmisCommittee on Nutrition
(SACN) to:

Review the influence of maternal, fetal and chilatrition, including
growth and development in utero and up to the dgeé years, on the
development of chronic disease later in the liféhef offspring.

Identify opportunities for nutritional interventidhat could influence the
risk of chronic disease in later life in the offisyy

Methodology

5. The review has been undertaken by SACN’s SubgraupgMaternal and Child
Nutrition (SMCN). The epidemiological evidence Heeen reviewed in accordance
with the principles described in the SACN workingcdmentA Framework for the
Evaluation of EvidencEScientific Advisory Committee on Nutrition, 2002].

6. An initial systematic review of the evidence priorMarch 2004 was commissioned
to the Division of Community and Health SciencesSatGeorge’s, University of
London. Where available, systematic reviews andcaraetlyses of relevant studies
were considered, with subsequently published iddiai studies or trials considered
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separately. In the absence of reviews, relevanbgpéctive or prospective studies
and trials were identified. The Committee finalynsidered experimental studies in
humans and animals in order to explore mechani@nservational and mechanistic
studies (as covered in Chapters 4 and 5) publisifted ' January 2010 have not
been considered.

7. The Committee has not considered the impact obcrmtion on the mother's own
later health, nor has it considered the impact mblsng, alcohol and other
environmental exposures on the offspring. It ndwadess stresses their importance.

8. The Committee has focussed attention on cardiol@scisk and cancer as the
leading causes of mortality, but recognises thevomg evidence that early life
nutritional exposures affect many other outcomd®se include allergic diseases,
respiratory and dental health, neural and cognftimetion, mental health behaviour
and muscle function in later life.

Background - Growth in fetal life and infancy

9. Normal growth and development is characterised kegulated increase in the
dimensions, mass arfidnctional complexity of tissues and organs. The®eesses
require a sufficient supply .of energy and nutrieatsd can be disturbed by
imbalanced nutrient supply. It.is hypothesised thesultant inter-individual
differences in the pace and timing of early grovahd development become
expressed as differences in body compasition, métahnd physiological function,
thereby influencing later chronic disease risk.

10. Experimental studies in. animals have demonstrated dxistence of “critical
periods” in early development during which altevatiof nutrient supply may alter
structure and function irreversibly. This phenonrehas been labelled “nutritional
programming”. Understanding this_concept requiredeselopmental perspective
that links nutrient requirements and supply to ¢oenposition and distribution of
tissues deposited during growth, and to the attamnof functional or metabolic
capacity at the whole body and cellular level.

11.Many determinants of fetal growth are establishetbi® conception. A woman
beginning . pregnancy with low nutritional reservesreasingly depends on her
current dietary intake to meet the needs of hegraecy and subsequent lactation..
A mother’s nutritional status at the start of pragey therefore influences her ability
to support the needs of her fetus and her baby.oi@ggsupply of a range of
nutrients is still required where storage mechasisire not so efficient. There is
also interdependency between nutrients, where alewecronutrients are crucial for
the handling of macronutrients (i.e. are the soofaanergy).

12. Although widely considered an indicator of pregnarautcome, birthweight is
influenced by many variables other than fetal wmuiri supply. These include
maternal height, weight, parity, ethnicity and exqp@ to toxins such as alcohol and
tobacco smoke. Moreover, fetuses may achieve cabfgabirthweight through
different gestational growth trajectories and copsstly vary in their body
composition and metabolic capacity.
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13. Maternal physiological adaptations normally bufiegal nutrient supply as maternal
nutrient intake fluctuates. However, these adagptatimay be insufficient under
extreme conditions such as famine; fetal nutriampsy is then restricted. The
timing of gestational nutrient imbalance influenties nature of chronic disease risk
in a way that can be related to the known sequeifcketal organs and tissue
development.

14.When intrauterine growth restriction occurs, théspfing frequently displays an
acceleration of early postnatal growth. This is Wwno as *“catch-up” (or
“compensatory”) growth. In these circumstances, nblative amounts of tissue
deposited may vary from normal. Such disproportiergrowth may give rise to
long-term alteration of body composition and met@b@ompetence, thereby
amplifying disease risk.

15.The pattern of feeding in infancy also influences tate of growth and the type of
tissue deposited. Infants who are breastfed exaibliaracteristic pattern of growth
associated with better short-term anddong-ternitihh@aitcomes than that observed
in infants artificially fed. This has therefore Ibe@dopted as a standard, or desirable
pattern. Early postnatal nutrient exposure alt@snional axes and thus has the
potential to modify body composition in a way thaicks from fetal life or infancy
onwards. The extent to which genetic and ethni@tian influences these processes
is currently not clear.

Observational evidence about the impact of early fié nutrition on later chronic
disease

16.The largest.body of observational evidence considardiovascular disease (CVD)
outcomes such as coronary heart disease, andyps@ diabetes and cancer.

17.Birthweight is.commonly regarded as a proxy forafenutritional exposure in
observational studies. However, it reflects théugrfice of numerous factors on fetal
development and does not describe body compositianetabolic competence of
the offspring. Its weakness as a measure of offgpnutritional status deserves
wider acknowledgment.

18.The few studies of body composition that have batde to resolve separately the
fat and lean mass components, suggest that higttewbight may be associated
with relatively greater lean mass in later life, esbas lower birthweight is
associated with relatively greater fat mass.

19.The majority of studies looking at the relationshyetween birthweight and
coronary heart disease (CHD) risk show modest severssociations: studies of
CVD risk factors (blood pressure, serum cholesfeand birthweight also suggest
small inverse associations. Taken together, lovirthvieeight, lower weight at one
year, and increased body mass index (BMI) in cloitithare associated with an
increased risk of CHD.
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20.The totality of evidence suggests that lower biglght is associated with increased
risk of subsequent type 2 diabetes, though theng Imeaan increased risk at the
upper end of the birthweight distribution. A rapmtrease in adiposity after the age
of 2 years also increases the risk of type 2 dexbigt adult life.

21.Overall, the exact relationship between birthweigihdl later chronic disease risk is
complex and the shape of the association is nar.cle is difficult to define
thresholds for healthy birthweight and extreme®ighweight may carry their own
risk.

22.The evidence relating infant feeding practices tibsequent cardiovascular
mortality is inconsistent, though infants who are hreastfed tend to have higher
blood pressure and serum total cholesterol coragmis in adulthood. They are
also at greater risk of type 2 diabetes and areenh&ely to be obese (show
increased BMI) in later life.

23.Sodium intake at 4-months of age has been positagdociated with systolic blood
pressure at the age of 7 years. Similar'changes mated at adolescent follow-up of
term infants randomly assigned to low sedium inffortmula. These findings
suggest that early sodium intake modifies latde oishypertension.

24.Greater birthweight and faster childhood growth @ssociated with an increase in
risk of certain cancers in later life, notably sea@ancer (particularly in pre-
menopausal women) and child leukaemia. There isisamt evidence that more
rapid height gain during adolescence is-associaigdlater breast cancer risk.

25.Increased maternal UVB exposure and 25(OH)D conagoms are associated with
increased _offspring bone size in later childhoodjt bmaternal calcium
supplementation does not appear to affect bone Aiimv rate of childhood growth
may also be a risk factor for later hip fracture.

26.The review of the epidemiology illustrated how eartchronic disease outcomes
are influenced by markers of nutrient exposureariyelife. Although restricted to
cancer and cardiovascular disease consideratiothef outcomes seems unlikely to
alter the overall conclusions.

Underlying biology, putative mechanisms and theirmplications

27.There is little human experimental evidence linkioigg-term outcome to restriction
in the intake of specific nutrients during fetal early postnatal life. However
observational evidence collected in populationsaéd by famine during gestation
or early life implies that the timing of nutritionembalance predicts the structural
and functional effects observed. Such famine sduoat have imposed severe
generalised restriction in the supply of both maatdents and micronutrients.

28.Similarly, experimental dietary restriction in pregit animals suggests that the
timing, degree and duration of nutrient restrictiofluence the pattern of fetal
development to a greater degree than the nutr@etted for restriction.
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29.Limitation of micronutrient or macronutrient intaleifficient to achieve dietary
imbalance in pregnant animal models may alter ptypeothrough disruption of the
normal sequence of tissue development. The conesequef this process is
alteration of the offspring phenotype, which may déedent as change in body
weight, size, body composition or function. Eachyniee altered independently,
though there are well-described correlations betvadteration of function, of organ
architecture and of tissue composition.

30.New understanding of the processes by which nu#ieray alter gene expression in
animal models suggests mechanisms by which nutsapply to the fetus may
induce change in phenotype at the cellular andeissvel. Of particular interest is
the observation that imbalance in the supply ofs¢hautrients involved in the
methylation cycle may induce change in observablracteristics. For example,
epigenetic regulation alters the expression of rséveepatic enzymes concerned
with intermediary metabolism. It may also alter #grmocrinological balance of the
mother and feto-placental unit by determining. thgpression of placental 11
hydroxysteroid dehydrogenase and of fetal gluccowttreceptors.

31.These mechanisms have relevance to the obsenattnship between impairment
of fetal development and physical or emotionalsstes imposed on the pregnant
mother.

32.Dietary restriction in pregnant animals. therefanduces permanent structural and
functional changes in the offspring through epigenemaodification of the genome.
The role of epigenetics in human disease is beapmiore widely appreciated.
Altered methylation of DNA has ‘been associated wibme cancers and
atherosclerosis. Epigenetic effects can also ad¢dounnter-generational effects of
nutrient restriction observed in pregnant animatiais.

33.Despite the accumulating animal evidence, no ctattostudies in human
pregnancy have yet identified maternal dietaryrir@gtions that reduce risk of adult
chronic disease in the offspring.

Implications for maternal and child nutrition in th e UK

34.National studies of diet and nutritional statusicate that excessive consumption of
energy, particularly refined carbohydrate anddagxists with insufficient intake of
vegetable, fruit, and oily fish. In consequencerdhs a rising prevalence of obesity,
coupled with evidence of low micronutrient statuEhese observations raise
concerns specific to the health of childbearing warand young children.

35.Women aged 19-24 years show poor dietary variety reave low mean intake of
certain micronutrients. Consumption of folic acidpplements remains too low
amongst women of childbearing age. Uptake of vitami supplements during
pregnancy and lactation is also low, which is afcgrn considering the evidence of
low vitamin D status.

36.There is a lack of national data about the dietatgke and nutritional status of

pregnant and breastfeeding women, and of childged dess than 18 months.
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However, there is strong evidence that a mothedscational attainment and
income predict her dietary choices and infant fegdiehaviour.

37.The rising prevalence of obesity in girls and youwmmnen represents an important
and modifiable risk factor for adverse pregnancycome, and for later health
outcomes of both the mother and offspring.

[DN: ADD PARAGRAPHS TO REFLECT HARRY MCARDLE'S ADDI TIONS ON
MECHANISMS AND ANGUS WALL'S CONTRIBUTION ON FLUORID E EXPOSURE]

Recommendations
Recommendations for public health intervention

R1 There is a need to increase appreciation amongsptblic, policy makers and
health professionals of the well established libkéween imbalanced nutrition in
early life and later chronic disease risk. Imprgvthe nutritional status of women,
infants and young children has potential to reddoeonic disease risk.in future
generations. It is particularly important that ataent and young adult women
achieve a body composition and metabolic capa@pable of meeting the stresses
of pregnancy as well as their own requirements.

R2 Optimisation of fetal development requires the acément of adequate nutritional
status of the mother prior to conception. Interimrd that address dietary and
lifestyle change between infancy and adolesceneecantral to the promotion of
women'’s reproductive health.

R3 National surveys show that many young women constiets which compromise
their ability'to meet the nutrient requirementsoassted with pregnancy. Efforts to
improve diet quality should focus on the diet aghmle and not on single nutrients.
Existing advice tancrease fruit and vegetable consumption can ingptbe overall
micronutrient status of women when coupled withrappate folic acid and vitamin
D supplementation.

R4 Schemes such as Healthy Start offer important dppibties to address health
inequalities by combining educational interventiow#h economic incentives.
Health professionals must ensure that women edigtt Healthy Start are offered
practical and. tailored information, support and ieelvon healthy eating,
breastfeeding and the appropriate use of micr@mttsupplements.

R5 The public and health professionals need to be rawrare of recommendations
about the appropriate use of folic acid supplentemtaamongst all women who
may become pregnant, and about the importance tamin D supplements for
pregnant and breastfeeding women, and children Headthy Start scheme offers a
means to achieve this amongst low-income familié® \&re at greatest risk, but
guidance should be addressed to all women.

R6 Strategies that promote, protect and support tkemmenendation for mothers to
breastfeed exclusively for around the first six mhgnof an infant’s life, should be
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extended and should acknowledge the impact madengaterm health outcomes.
There is particular need to deliver proactive skilsupport around the time of birth
and during the early weeks, when rates of discaation are highest.

R7 The rising prevalence of maternal obesity has p@temealth and economic
implications for future generations, through itvexdge impact on fetal development
and the health of the child in later life. Womermusld be informed about the risks
associated with excess weight during pregnancybensupported in maintaining a
healthy weight before, during and after pregnatdiE public health guidance on
dietary and physical activity interventions for glei management in pregnancy and
after childbirth should be implemented [Nationastitute for Health and Clinical
Excellence, 2010].

R8 There is also a need to address the increasedonativulnerability of underweight
women and to recognise the increased nutrient désnahthose adolescent and
young women who become pregnant before compleiieig bwn growth.

R9 Health professionals must be able to provide apfatgpadvice and information on
diet and lifestyle, particularly in the peri-contiepal period, during pregnancy and
the early childhood years.

Research recommendations

R10 Further controlled studies in animal models are uireg to expand
understanding of the mechanisms that underlie @bdegsissociations between adult
disease outcome-and nutrition in early life. Foaraple, epigenetic processes by
which nutrients can alter gene expression and piipemeed to better understood.
There is an' associated need to understand how amixad supply of vitamins
involved in the methylation cycle may affect hun@regnancy and expression of
the offspring’s genome.

R11 < Funders of research should support a large, logigi&l cohort study capable of
characterising relationships between early lifeiiahal exposure and adult chronic
disease risk. This should incorporate measuresestenceptional nutritional status,
fetal and placental growth, offspring body compositand metabolic competence.
Measurements should be repeated at intervals asgpals growth proceeds and
should describe the maturation of body composital metabolic competence.
Such data will assist further in characterisingwgto patterns associated with
greatest risk of adult chronic adult disease.

R12 Improved research resources such as bio bankingrewblood samples are
collected, stored and available for future prospeci@analyses should also be
encouraged. Identification of robust, specific cticodisease indicators would also
help to establish clearer links between exposurdsésease outcomes.

R13 The influence of early infant feeding on later bamymposition and metabolic
function needs to be better understood. Contrdliads that investigate changes to
the infant diet composition of infant formula shduhcorporate follow-up in their
design so that long-term outcomes are captured.
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R14 Standardisation of measures of exposure and outcmwmieators used in
observational research would assist accumulatiodatd and comparison between
populations, as would having a more uniformed appndor statistical analyses and
reporting. The identification of reliable early markers for later disease risk would
facilitate the design of future intervention stugdig=or example, more robust
biomarkers of phenotype of the newborn, particuléor the three different stages
of development in fetal life are needed, as welinase accurate measures of body

composition.

R15 Consideration should be given to building a longjibal element into future
national surveys of diet and nutrition in the Ukepgeated measures of body weight
and size and dietary intake could be incorporated possibly linked to health
outcome data. The new rolling National Diet and ritioh Survey programme
should also consider recruitment of pregnant aeddifeeding women.

R16 Further exploration of the variation.in birthweighetween ethnic groups is
required. The causes and consequences need tatdeurelerstood, particularly the
relationships between birthweight, body compositeaxd metabolic. competence.
There is an associated need to measure any treridese outcomes as succeeding
generations are born in the UK.

R17 Further research, particularly from interventiondss, is required to understand
the how weight gain during pregnancy is relateantternal and offspring health

outcome.

R18 Consideration should be given to understandingebdtie intergenerational
effects, which may arise as a consequence of fdtorthe pre and postnatal
environment altering gene expression.

This document has been prepared for consideragidghebScientific Advisory Committee on Nutrition.dbes not necessarilyls
represent the final views of the Group or the potitHealth Departments and the Food Standards é&gen



08/09/10 SACN/SMCN/10/07

1 INTRODUCTION

1. Chronic diseases (such as cardiovascular disegme 2tdiabetes and cancer)
are leading causes of death in the UK and thuseptes major contemporary
public health challenge. Many chronic diseases dist-related. Dietary
surveys indicate positive changes in the diet ef thK population but we
know that further improvements to the quality aratiety of the diet are
needed, especially in those groups who are vulferaiciuding adolescents
and low-income groups. Current nutritional statuss potential implications
for the health of future generations [Scientific viebry Committee on
Nutrition, 2008c]. Improving maternal and child nibn to promote long-
term health could also be a driver for future eeomogrowth [The World
Bank, 2006].

2. Observational studies have reported associatiomgelea both over and under
nutrition in early life and adult chronic diseadexperimental evidence,
principally from animal studies, has offered ingighto mechanisms, which
may explain and provide plausibility for some cédle observations:

3. Support for the concept that maternal, fetal anitt afutrition exerts long-
term effects and may influence chronic disease insladulthood, initially
came from ecological studies in Norway where ther@s considerable
variation in cardiovascular mortality rates betweabfierent regions. These
could not be explained by differences in contemioliaing conditions, but
were positively associated with earlier infant rabty rates in the same
cohorts. Poverty in childhood and adolescencepvad by prosperity, thus
appeared to be a risk factor for cardiovasculaeatie [Forsdahl, 1977;
Forsdahl, 1978].

4. Other observations suggest that poverty-relatell factors for chronic
disease are modulated through nutrition in feté lor childhood, and
specifically that imbalanced nutrition at a critistage of development can
programmethe offspring’s metabolism in later life [Bark&r998]. Thus pre-
and postnatal factors (including genetic and emwirental interactions) could
contribute to ‘a phenotype, or phenotypes, that fmaymore sensitive to
lifestyle factors associated with the developmehtobesity and chronic
disease. This has been labelled the “susceptildaqgiiipe”.

5. It is hypothesised that risk disease in later life increases when there is a
difference in relative nutrient supply between theenatal and postnatal

' The term “nutritional status” is used to describe anviddal's position with respect to the maintenance
of nutrient homeostasis [Department of Health, 2002%. ¢feinerally assessed by reference to a) energy
and nutrient balance, used to estimate the adequacy of diepgly;sb) body composition (e.g. body

mass index (BMI), waist-hip ratio and more specifiéreates of tissue composition and distribution);

and c) metabolic and physiological function (e.g. biochemicaldgndmic measures of organ and tissue
function used to assess the metabolic capacity ofganasr system).

" In adults, a body mass index (BMI) of >30kg/rim children, obesity is defined on an age-related basis
using a BMI centile that will track to a BMI of 30kg?rim adulthood. For population monitoring a BMI
>95th centile is generally used:; for clinical purposes d B88" centile is more commonly cited.
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environment. In particular it is argued that riskricreased when the postnatal
environment moves towards high energy intake andeloergy expenditure in
a population [Hanson & Gluckman, 2005; Glucknedrmal, 2010].

6. Fetal life and early childhood (i.e. up to the af§i® years) are critical periods
for growth and development of an individual, partaly between birth and 2
years of age when nutritional requirements are seddy rapid growth and
development. As children get older, they become knsitive to external
stimuli that may alter their individual phenotyg®tigh adolescence remains
important as a time when physical and lifestyle ngjes affect nutritional
needs and eating habits.

7. Addressing questions about the influence of ‘nowdl exposures at critical
time periods, requires an integrated approachkihags together work from
both experimental and observational studies (padity those which
examine the relationship of disease risk and beigint; see section 3.2). This
approach, using the totality of the evidence, cshield light on the timing and
nature of interventions to improve maternal andidchutrition with long-term
benefit.

1.1 Terms of reference

8. The Department of Health asked the Scientific Adkjs Committee on
Nutrition (SACN) to:

Review the evidence on the influence of maternatalfand child
nutrition, including growth and development in wateland early
childhood (i.e. up to the age of 5 years), on teeetbpment of chronic
disease later in life in the offspring

Identify opportunities for nutritional interventidhat could influence the
risk of chronic disease later in life in the offswr

9. The review has been‘undertaken by SACN’s Subgrouaternal and Child
Nutrition (SMCN). The epidemiological evidence eviewed in accordance
with the principles described in the SACN workingcdment,A Framework
for the Evaluation of Evidend&cientific Advisory Committee on Nutrition,
2002].

10.This report first considers underlying biologicancepts related to growth
and development of the offspring, particularly timfluence of fetal and
postnatal nutrient supply. Epidemiological evidensethen examined and
possible confounding factors considered. Underlymgchanisms are then
explored in order to evaluate biological plausthili The report finally
considers the broader implications of this evidefamematernal and child
health, focusing on national surveys of the dietl anutritional status of
women and children in the UK.
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11.The Committee originally set out to review chrodisease outcomes, namely
cardiovascular disease and cancer, where the laxggence base was at the
time. However, the Committee recognises that tea af early nutrition and
later adult health is a rapidly expanding field. leloecently, there has been
interest in other areas including allergic diseagespiratory and dental
health, neuro-cognitive function, mental health debur, and muscle
strength and function in later life. These may needsideration in the future
as the evidence develops.

12.The Committee has also not considered the impacemioduction on the
mother's own later health. Moreover, whilst it rgosses that smoking,
alcohol and other environmental factors affect dgwaent of the offspring,
such factors are not considered as primary expssar¢his report, only as
potential confounders or intermediary factors tigioaut.
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2 METHODOLOGICAL CONSIDERATIONS

13.The Committee initially undertook a systematic es¥i of the relevant
epidemiology published before March 2004 (relevamidence published
since that time has also been considered). Thalisgstematic review was
commissioned to the Division of Community and HeaBiciences at St
George’s, University of London, and helped to states the Committee’s
discussion. Details of the search strategy usedHisr original review are
given in Appendix 1. Chapter 4nfpact of early nutrition on later chronic
disease outcomes: epidemiological studiesncludes the original
epidemiological review complemented by further. rretalytical’ and
systematic reviews published since that time (dftdanuary 2010).

14.In the absence of reviews, the Committee identifietevant individual
retrospective or prospective studies and trialthdh considered experimental
studies in humans and animals when exploring mesti@®xplanations for
the epidemiological observations.

15.The following section briefly considers methodokajiissues associated with
reviewing the epidemiological evidence, and thergiths and weaknesses of
different study designs.(see also section in. Chapite Contribution of the
epidemiological evidenge

2.1 Human data

16.The evidence base in this area is growing, butigely limited to cohort
studies.Most of the available evidence relatesaaliovascular disease in
later ife  but other outcome measures were consitlevhere sufficient
evidence was available. Where systematic reviewsain-analyses were not
available, further literature searches were peréatmusing PubMed, to
identify relevant retrospective or prospective stad and trials. The
Committee did not assess the quality of meta-analgs systematic reviews
and the heterogeneous nature of this evidence tellvike use of standard
grading methods (often employed to judge the qualitevidence) applicable
to systematic reviews of the human literature.

17.Experimental studies in humans and animals (setose2.2 Reviewing the
evidence from animal studjewere considered when exploring mechanistic
explanations for the epidemiological observations.

2.1.1 Observational studies

18.Cohort or cross-sectional observational studiesnf@a major part of the
evidence base because the human lifespan imposgsiritervals between

" Systematic review an extensive search for published literature spexific topic using a defined strategy, with
a priori inclusion and exclusion criteria

v Meta-analysis a quantitative pooling of estimates of effect ofexposure on a given outcome, from different
studies identified from a systematic review of literature
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exposure and outcome. Moreover, the ethical cansiraon conducting
maternal, fetal and child dietary interventions eo@siderable. Prospective
studies involve follow-up of subjects identifiedearly life about whom data
on a variety of exposures are collected. Becaussetpuences may take years
to manifest, such studies often incorporate proxyintermediate outcome
measures that are believed to be indicative of lik.

19. Historical (retrospective) cohort studies cgeld results more rapidly, and
often allow investigation of early life factors amtisease end-points (for
example, occurrence of or death from heart dise&fmyever, the quality of
data from pregnancy, infancy and childhood, paldidy with nutritional
exposures, may be sub-optimal since initial datéecion-was not intended
for this purpose. Additionally these studies oftegard size or weight at birth
as proxy measures of nutritional exposure duriregpancy and this may not
be valid (see section 3Erthweigh). Finally, the relevance of historical data
to contemporary circumstances may also be questione

20.Data collected retrospectively by interview or dimwaire are prone to recall
bias. Other exposures during the life course masll wonfound the
relationship between early nutritional influencexl dater disease outcome,;
these include social and economic influences, alcobnsumption, smoking
uptake, exposure to passive smoking, and physic@lityg. It is hard to
obtain accurate and precise measures for all soiefoending factors so that
their effects cannot be accurately quantified ojustéd for in analysis,
leading to residual confounding. <Factors suchwaseat age, body weight,
size, gender and ethnicity can be more readily @ueal for in both types of
observational study. Genetic factors could alsoratpeand may predispose
both to'disease and low birthweight (LBW\)

21.Historical cohort and prospective cohort data magnegate apparent
contradictions in the scientific evidence, but tbé frequently be attributed
to inconsistencies between study design, study lptipn, outcomes and
statistical approach. Each design investigateemifit aspects of the process
by which nutritional experience contributes to adiisease risk. This can
result in varying emphasis on conclusions reach®dlls, 2009]. Historical
cohort studies often demonstrate stronger assocgatietween early life and
disease outcomes, whereas modern prospective altiseal studieshave
better measures of exposure and confounders. Rtogpeohort studies in
defined ' large populations measure them preciseld &ollow them
longitudinally. They are also better able to measamd control or adjust for
known confounding factors.

22.Meta-analyses and systematic reviews can also ttijectito publication bias
which should be considered when identifying andedé@lg studies for
inclusion (see section 4.1Methodological issues in observational studlies

Y Low birthweight (LBW) is defined as a birthweight lekan 2.5kg due to being born too early and/or
being small for length of gestation (see section 3.Bichweigh).
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2.1.2 Experimental studies

23.Generally, randomised controlled trials (RCT& humans are regarded as
methodologically the best approach for studyingicél interventions but
until recently have rarely been applied to invediing the effect of early
nutritional exposures on outcomes in later lifee TEuropean Union funded
Early Nutritional Programming Project (EARNEST) @e collaborative
investigation (across 16 countries) into the logigrt consequences of early
nutrition by metabolic programming. It uses an apph incorporating
knowledge from RCTs, epidemiological investigatioand animal
experimentation_(www.metabolic-programming.org

24.The advantage of randomised controlled trials & #nown and unknown
confounding factors are equally balanced betweeatriient groups when
studies are adequately powered. Hence, the onfgréifce will be in the
exposure or treatment of interest and causationbeadirectly established.
They also allow quantification of the size of etfemd might be used to
estimate economic benefits or identify adversectffeOn the other hand,
disease outcomes may not become apparent.for dgcatieh necessitates
dependence on presumed markers of later diseaseassin prospective
cohort studies.

25.Randomised controlled trials have been conductedaifew specific
circumstances, for example following. preterm bif8inghal et al, 2004].
Although the Committee recognise the important dgalal differences
between preterm.and term babies, it has considemed data collected from
such studies in an attempt to understand some eofcdlusal relationships,
which.cannot be extracted from the epidemiology.

26.Follow-up of participants in. population-scale, ¢&rsrandomised controlled
trials of early breastfeeding promotion and suppoay also provide some
evidence of the effects of early feeding on latgicomes [Simelet al, 2000;
Krameret al, 2001]. However, the history of such large-saalerventions is
relatively recent.

2.2 Reviewing the evidence from animal studies

27.A great deal of between-study variation exists ome of the human
epidemiological literature. Few studies have ideld direct measures of
maternal nutritional status before or during premyaon later disease
outcomes among offspring. Animal studies allow r@ater variety of
nutritional interventions than is possible in husisand enable the controlled
investigation of putative mechanisms of nutritiorogramming. They also
allow identification of the precise developmentahdows in which early

¥ Randomised controlled trial (RCT) - a study in whichibligjparticipants are assigned to two or more
treatment groups on a random allocation basis. Randomisetsomes the play of chance so that all
sources of bias, known and unknown, are equally balanced betsgaément groups.
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nutritional imbalances can contribute to later dgge Thus, the contributions
of human and animal research can be complememtaspite the problems of
inter-species extrapolation, which are particuladlevant to the reproductive
period [Symonds, 2007].

28.Animal studies provide a body of evidence to supploe hypothesis that
prenatal nutrient supply, encountered within theyspilogical range of
variation, programmes disease risk in later lifeid&s in animals looking at
possible molecular and cellular mechanisms thad léa changes in
physiology are considered later in Chapter 5. Exygpthe developing rat or
sheep fetus to only moderate maternal food remmictor restricting the
supply of specific nutrients, results in alteredgblogy and the initiation of
disease processes [Bertram & Hanson, 2001; Larigyeyrs, 2001]. Dietary
manipulationsin animal models are, however, sometimes extrenmg, a
extrapolating to consequences for humans is nayawasy or appropriate.
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3 BACKGROUND

29.Growth and development involve a series of chargesvhich the fetus
becomes a mature organism. This amounts to mucle than simply the
addition of cells and tissues to achieve an ine@aasbody mass. Changes
include a specialisation of various parts of thalybdo perform different
functions, and alterations in the form of the badya whole as well as in the
form of its individual organs and systems [Sin¢laR89].

30.Normal growth and development is therefore charsed by a regulated
increase in the size, maaad complexity of function of tissues and organs;
thus, differential growth and development duringafelife and early
childhood, could lead to differences in body. conipms and metabolic and
physiological function, and influence chronic diseaisk in adulthood.

31.A distinction has been made in this report betwden terms “size” and
“weight”. “Size” denotes linear dimensions (suchlasgth, height and head
circumference) whereas “weight” is used to desciioely mass. Explicit
reference has been made to measures such.as badyimagx (BMI) or
ponderal inde¥X (measures of body weight which adjust for heightiere

relevant.

32.Growth and development is absolutely dependant sapply of energy and
nutrients sufficient to match the variable needj@svth progresses [Jackson,
1996]. Any limitation of supply is likely to consiin the pace and pattern of
development [Wootton & Jackson, 1995]. The pattefngrowth has a
characteristic tempo, which can be disturbed ifiant intake is inadequate or
excessive, or if disease impairs _ nutrient uptakel anilisation. The
measurement of growth, therefore, is a key toolnmfmmitoring fetal, infant
and child health (see section &Bowth assessment

33.In functional terms, growth represents a progressicrease in metabolic
capacity, and maturity ‘marks the acquisition of tl adult capacity
[Jackson, 1996]. The ability of individuals to atland cope with a wide
range of environments and stressors reflects avesapacity. A constraint
on growth and development, imposed by nutritiomalithtion at a critical
stage of development, can have a substantial effecthe acquisition of
capacity [Langley-Evans, 2004].

34.Some basic underlying concepts relating to pre postnatal growth and
development are outlined in the following sectiansl the role nutrition plays
during these processes is also described. Thearhasb describes how early
life experiences can determine causes and timimgoofality.

Vi Ponderal IndexPl) is an index of fatness, often used as a measureesity — the body weight in
kilograms divided by the length in meters cubed (y/m
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3.1 Fetal growth

35. Fetal growth and development is a highly organm®dess in which complex
changes are coordinated sequentially in time, drahges at the molecular
and cellular level are integrated to enable devakg of the whole organism
(World Health Organization, 2006b). Immediatelyeaftertilisation takes
place, cell division begins and progresses at ial raype.

36.Embryogenesis is the process confined to the fiistester by which the
embryo is formed and develops. It starts with teailisation of the ovum
(egg); rapid mitotic divisions and cellular diffet@ation then lead to
development of an embryo. During this time, the eleping embryo is
sensitive to environmental factors. As the femitlzegg begins to divide,
organ structure and function begin to develop. Tétal period begins 10
weeks after the first day of the last menstrualiguer(8th week after
fertilisation), and by this time the precursorsatif the major organs of the
body have been created.

37.0nce the placenta is fully established, fetal dgwelent is dependent on the
integrity of the maternal-placental unit. Severdigrupted placental function
can impair the delivery of nutrients and oxygeih® fetus and constrain fetal
growth. Fetal growth is also. heavily influenced .bmaternal stress and
workload, the mother’'s metabalic capacity, and f9eneral health (World
Health Organization, 2006b).

3.1.1 Determinants of fetal growth

38.Genetic, epigenetic and environmental factors exfe fetal (and postnatal)
growth, and the ‘progress of any infant’'s developmenthe result of a
complex interaction of many factors. Maternal weighfirst antenatal-clinic
visit, maternal height, length of gestation, searity and ethnicity are all
determinants. of birthweight [Gardoset al, 1992] (see Chapter 3.2
Birthweigh); as are pathological factors such as smoking [eynet al,
2000], alcohol abuse [Little and Wendt, 1991] ancegestational or
gestational diabetes [Weintradt al, 1996]. Paternal height has also been
shown to be positively associated with offsprireesat birth [Morrisoret al.,
1991; Wilcoxet al, 1995; Godfreet al, 1997; Veenat al, 2004 Harveyet
al 2008], suggesting potential genetic influenceskeletal growth.

39. Maternal constraintby which maternal and uteroplacental factorst@dimit
the growth of the fetus, is an important physiotadjicause of the variation in
birth size [Gluckman & Hanson, 2004]. Maternal domist acts in all
pregnancies, but the influence is greater in satoatgons, for example with
small maternal size as classically shown by crgssggiprocally a large Shire
horse and a small Shetland pony. The pair in wthehmother was the Shire
had a large newborn foal, and the pair in whichniim¢her was Shetland had a
small foal. After a few months, both foals were d@me size (see section
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3.4.1 Canalisation, catch-up and catch down growtAnd attained an adult
size half-way between their parents [Walton and kiamd, 1938].

40. Similarly in human pregnancies, after ovum donat&mall women tend to
have babies with lower birthweight, even when tleenan donating the egg is
large [Brookset al 1995]. The growth of the fetus is thought to be
constrained towards the end of pregnancy in oftlrthe mother can achieve
successful delivery; twins slow down earlier whaeit combined weight is
approximately the weight of a 36-week singletonddiranner, 1990].

41.Infant birthweight is also correlated with the matk own birthweight and
with that of other female relatives [Shah & Sha@0%. Women who were
born of low birthweight are more likely than th@on-LBW counterparts to
deliver offspring with LBW [Coutinh@t al, 1997; Shah & Shah, 2009]. It is
unclear whether this constraining mechanism idedlfo maternal diet.

42.Maternal supply of nutrients needs to accord wétalf demand in order to
achieve healthy growth and development of the fatuss avoiding potential
consequences for long-term health [Constamtial, 2005]. Although the
mother has some ability to adapt to ensure a sugphutrients to the fetus,
her dietary supply remains important. Interdepengebetween nutrients
emphasises the importance of dietary balance: f@mele, supply of
micronutrients may alter the way in which macroiauts are utilised for
energy [Herrera, 2000].

3.1.2 Metabolic anticipation in pregnancy

43.Pregnancy. involves major anatomical, physiologiaall metabolic changes
in the mother to support and provide for the nesdsoth the growindetus
and herself [Catalanet al, 1998; Jackson, 2000; Duggleby & Jackson,
2002a; von Versen-Hoeynck & Powers, 2007].

44. Successfupregnancy requires the net deposition of tissubiwithe mother,
the placenta and the fetus, and complex metabdianges take place at
different times during pregnancy to support the ngireg needs of the
developing fetus. Metabolic anticipation occursgewhthese changes occur in
advance of fetal demand. Thus changes in materitrmigean metabolism
anticipate -the later needs of the fetus [DugglebyJ&kson, 2002a]. In
addition, maternal fat deposition during pregnaf@phistrom & Forsum,
1995] anticipates the requirements for fetal growththe last quarter of
gestation. Pregnancy liberates nutrients from Ixidyes as the blood supply
to the fetoplacental unit increases; these chabggm to occur at the earliest
stages of the pregnancy, well before fetal demaraais form a significant
proportion of the mother’s nutritional balance. Hower, an ongoing supply of
nutrients to the mother is required, particularty some nutrients where
storage mechanisms are not efficient.

45.In some circumstances, maternal dietary supply naymeet fetal demand.

For example, the dietary supply of docosohexaenoid (22:6 n-3; DHA)
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may not balance the high rate of utilisation assed with growth of the fetal

brain in late pregnancy. In these circumstances, placenta plays an

important role in mobilising fatty acids from matal adipose tissue stores
deposited earlier and actively selecting the n-8 ar6 for uptake and

retention [Haggarty, 2004].

46.Adaptive processes thus operate to maintain a degir&onstancy in fetal
nutrient supply, buffering the fetal cellular mierovironment from the usual
unevenness of the dietary intake. This capabildyla itself be in part a
programmed metabolic capability, with the specifiaternal phenotype
determined by the mother’s nutritional environmientier own fetal and early
postnatal life, when the opportunity for mouldingetabolic plasticity still
exists [Jackson, 2005].

3.1.3 Fetal nutrient supply

47.Adequate nutrient supply to the fetus is cruciathte attainment of normal
growth, maturation and bone mineral accretion. dased maternal food
consumption, elevated gastrointestinal absorptdecreased or increased
mineral excretion and mobilisation of tissue stole® complementary
strategies that can contribute to meet increasgairesments, particularly with
respect to bone-forming minerals. Pregnancy isaata with physiological
changesin mineral metabolism that are independent of nmaemineral
supply within the range of normal dietary intakiesa well nourished woman
these processes, amongst others, can provide the-fboming minerals
necessary for fetal growth without requiring anre@ase in dietary intake
[Prentice; 2003].

48.Both the fetus and the exclusively breastfed ingaattotally dependent on the
mother’s abilityto transfer nutrients at the appropriate time. Tather's
ability to achieve effectivand timely transfer is constrained by factors other
thanher immediate dietary intake or overall nutritiostdtus.

49.The fetal nutrient ‘supply line’ [Harding, 2001]efefore incorporates several
interconnected and coordinated steps (see Figunénith collectively satisfy
fetal demands regardless of the current dietargkentof the mother. The
mother has the ability to draw on her nutrient rese as and when necessary
to satisfy this changing pattern of demands. Theaafe offspring’s own
subsequent development towards achievement of wigtatapacity will in
turn determine her own capability for successfidgmancy and may thus
have intergenerational consequences.
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Figure 1 — Intergenerational aspects of maternal,etal and infant nutrition on
development and predisposition to disease riskThe diagram illustrates how
environmental factors and diet (purple boxes) modiftritional status throughout the

reproductive cycle.
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50.Endocrine signals are received and transmitted dmtvthe mother and fetus
through the placenta, and this is the site of antrexchange. The placenta
influences substrate flow and has an important irolegulating fetal growth
and development by modulating the fetal endocrinkem e.g. insulin-like
growth factor (IGF) axes of fetus, placenta andhantUmbilical blood flow
and fetal endocrine status then regulate the uppékritrients by the fetus.
Adequate placental function is a prerequisite falf growth which can be
impaired if perfusion of the placental bed is reztlice.g. by maternal pre-
eclampsia, in spite of adequate maternal nutriemiply [Murphy et al,
2006].

51.Various aspects of disrupted placental functioaluiding altered morphology,
blood flow and fetal oxygen supply, can alter ttagacity for exchange of
nutrients between the mother and the fetus, thebsltyg a major cause of
fetal growth abnormalities [Siblest al, 2005; Sibley, 2009].
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52.Placental failure has been implicated as a caus@oof fetal nutrition
[Garnica and Chan, 1996] leading to changes in bagyght, size and
composition at birth. Studies of fetal nutrient glyp employing techniques
such as cordocentesis (umbilical blood samplingtero), have emphasised
the importance of placental function as a deterntinaf fetal growth
restriction [Pardi & Cetin, 2006].

53.Changes may be more subtle than reduction in baitdwt. For example, the
ratio of placental weight to fetal weight has beefated to the rate of
postnatal growth. Babies born small but with atreddy large placenta are
less likely to show catch-up growth (see section 3.4.1) in the 18 months
after birth [Harding and McCowan, 2003]. The aughanterpretation was
that failure to show catch-up growth after birthggests that such babies are
affected by an intrinsic growth defect rather tlaanextrinsic limitation by the
intrauterine environment.

54.For a well-nourished population.of women, therent pattern of food intake
may relate less well to birth outcomes, than theitrenal status of the mother
at conception and her capacity to achieve extensieébolic interchange
[Duggleby & Jackson, 2002b; Jacksenal, 2003]. The imposition of any
stress is likely to alter nutritional state, eitliogrchanging appetite, changing
the partitioning of nutrients between tissues, @éasing nutrient losses, or
altering the pattern of demand for nutrients [Jaolet al, 2003].

55.These factors include the broader stresses impbgesbciety and the life
choices that are available to the mother. Stressesh as infection or
inflammatorychallenges, high waorkloagsychological or social stresses, and
cigarette smoking, can impose further nutritionagmands that alter the
handling of nutrients withithe body and their availability to the tissues
[Jacksonet al., 2003]. Deprivation in pregnancy, defined by fastsuch as
income, employment, housing, education and skitisreased the risk of
preterm birth and was associated with diets loywraotein, fibre, minerals and
vitamins [Haggartyet al 2009].

56.Glucose is the principal fetal fuel. In the presend maternal euglycaemia
and normal placental function the transplacentapumeets fetal glucose
requirements. Fetal gluconeogenesis has been aosénvthe ovine fetus
during the days prior to parturition and may ocourhumans during fetal
hypoglycaemia consequent upon restriction of pladesupply. Glucose is
transported across the placenta in proportion $octncentration in the
maternal circulation and according to the ratelat@ntal blood flow.

57.Maternal plasma glucose originates from both dyetand endogenous
sources, principally the liver. Dietary energysiered by the mother as fat in

Vil Catch-up growths rapid growth following a period of restriction. Ulttely, it may redress wholly or
partly the accrued deficit in weight or size thoughréhmay be consequences for body composition and
metabolic capacity.
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the first half of pregnancy; greater insulin semgit is thought to be the
stimulus [Boden, 1996; Knopp, 1997; Herrera, 20@3].the third trimester,
increasing insulin resistance triggers the lipaysi stored fat, and the release
of free fatty acids from those stores. Free fattyds are an alternative
metabolic fuel for the mother and help to consgtueose supply to the fetus
[Schollet al, 2001]. Glucose uptake in maternal liver and rfauace reduced
and hepatic glucose production increased [Horaekal, 1999]. After 30
weeks gestation, a modest net loss of maternal faddyccurs [Hytten, 1974]
and this net mobilisation corresponds with an egpdal increase in fetal fat
during which 94% of all fat deposition in the fetoscurs [Widdowson,
1968].

58.Several studies have found that women followingtsdieomposed of low
glycaemic index (Gl) foods were more likely to hamé&ants who were small
for gestational age (SGA)and of lower birthweight [Clapp, IIl, 2002; Scholl
et al, 2004]. This may reflect the energy density dfedent Gl diets and thus
total energy intake, and subsequent effects onrmalteveight gain and infant
birthweight. A dietary intervention. study ‘found thafants of women
assigned to foods of moderate to high Gl were leedlian those eating foods
of low GI [Moseset al., 2006]. Infants in the former group had a higher
ponderal index (PI) too. Other studies have regbitverse associations
between carbohydrate intake and birthweight [Godéteal, 1996] and ‘total
sugar’ intak& and birthweight [Lenderst al, 1994].

59.The placenta also plays a critical'role in thena#ly of amino acids to the
fetus. Arginine and glycine, which are conditiogaksential amino acids, are
thought to be critically limiting for normal pregmey, as sufficient supply
through endogenous pathways appears marginaldéatemands.

3.1.4 Effect of variation in maternal nutritional status on birthweight and size

60.There is a complex metabolic interplay betwden dompetingieeds of the
fetus and those of the mother. The mother may h&veown demands for
nutrients that competeith the needs of the fetus, especially in the cidbe
teenage mother still completing her own growth [Bclet al, 1994]. It is
important to acknowledge the role of nutrient sygdpbm conception, which
in turn requires that the nutritional status of thether is capable of fuelling a
fetus throughout her reproductive years [Ozanneageb| 2004, World Health
Organization, 2005].

* Small-for-gestational-agéSGA) - a newborn whose weight falls below a given thokesfmost
commonly <18 percentile) on a specified birthweight reference

X The term “total sugar”, as defined by the author, retfetee sum of simple carbohydrates, including
monosaccharides (i.e. galactose, glucose, mannose sejctiisaccharides (i.e. lactose, sucrose,
maltose), and oligosaccharides (i.e. ribose, xylose) vdmnetmaturally occurring in foods or are added to
manufactured foods. It does not include any complex carlateyduch as starch or fibre.
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3.1.4.1Maternal diet

61.Physiological mechanisms in the mother buffer fetatrient supply when
there is restriction in maternal diet. The succe$sthese mechanisms
determines the effect of nutrient and energy retsdn on fetal outcome.
Where there is chronic maternal energy or nutrieeficiency, these
mechanisms may not be robust and the fetal subssgbply insufficient,
slowing growth, This was observed in an intervemstudy performed in The
Gambia [Ceesagt al, 1997].

3.1.4.1.1 Macronutrients

62. Studies of pregnancies occurring during the Duéshifie of 1944-1945 found
that mothers with severely restricted energy angient intakes during late
gestation tended to bear smaller offspring [Stdiral, 2004]. Measures of
birthweight, crown-to-heel length and head circumfee all declined with
famine exposure late in pregnancy (see later se8tib.2Critical periods and
programming in humans

63.A Cochrane review of trials on the impact of in@e@ maternal energy and
protein intake during pregnancy, in mainly undemmshed populations,
showed that balanced energy/protein supplementatias associated with
modest increases in maternal weight gain and innm@eghweight, and a
substantial reduction in risk of small for gestatib age birth [Kramer &
Kakuma, 2003]. In contrast, protein supplementationng pregnancy was
associated with an increased risk of small for ajemtal age birth. The UK
trials included in the review that showed a smi#a were conducted among
nutritionally “at risk” mothers [Elwoocet al, 1981; Viegaset al, 1982].
Overall, the review reported a mean increase ithweight of only 37 g at
term. One explanation may. be that women who wetered into the trials
because of concern about longstanding nutritiortatus received the
intervention too late, fetal growth trajectory hayibeen set much earlier in
gestation [Bloomfielcet al; 2006].

3.1.4.1.2 Folate

64.1t is well recognised that low folate status iscassted with an increased risk
of neural tube defects (NTD) which can be reduced irxreasing the
periconceptional intake of folic acid [DepartmeffitHealth, 2000; Scientific
Advisory Committee on Nutrition, 2006].

65.The results obtained in many, but not all [de Weetd al, 2003],
observational studies have suggested that lowefataake or low circulating
folate concentration is associated with increasgdaf preterm delivery and
low birthweight [Scholl & Johnson, 2000; Relt@t al, 2005; Tamura &
Picciano, 2006; Torreret al, 2006].

66.Raoet al, (2001) observed a positive association betweaghweight and
dietary intake of folate-rich foods in rural Indiamomen. Furthermore,
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birthweight and maternal red blood cell folate wsatwere positively
correlated at 28 weeks gestation [Ra@l, 2001]. A prospective cohort study
observed that pregnant adolescents with low faolatizzke, as well as those
with low red cell and serum folate, were signifitgmore likely to deliver a
small for gestational age baby [Balatral, 2009].

67.A prospective cohort of pregnant women from the fardam Born Children
and their Development study (ABCD) suggested tloddté status may be
relevant only when the folate status of the motteconception is low. At
short interpregnancy intervals (i.e. < 6 monthg)men who did not take folic
acid supplements were found to be at greater ridietal growth restriction
(as reflected by lower mean birthweight and higB&®A risk) [van Eijsderet
al., 2008b].

68.However, a prospective cohort study, in a diffeqgopulation, examining the
links between deprivation and diet in pregnancyntbuo link between folate
status and birth outcome [Haggasy al, 2009]. Results from randomised
intervention trials with folic acid have also nefpported an effect [Scholl &
Johnson, 2000; Charlest al, 2005]. It has also been argued that any
connection between low folate status and birth @ute, may in fact be
attributable to maternal obesity, which is assedawith poorer folate status
[Prentice & Goldberg, 1996; Rasmusstral, 2008].

69.The link between maternal folate status and offgprbirthweight is,
therefore, unclear, especially in_the context- ofekatively well-nourished
population. There is no information from human stadabout the effect of
the mother’s folate intake on body composition atabolic competence of
the offspring.

3.1.4.1.3 Vitamin'D

70.Vitamin-D deficiency. ricketS, a disorder that becomes apparent during
infancy or childhood, is the result of insufficieamhounts of vitamin D in the
body. This impairs the absorption of dietary caitiand phosphorus resulting
in.poor mineralisation of the skeleton [Holick, B)OObservational studies
provide evidence for a role of vitamin D in prendiane development (see
Chapter 4.6 Bone mineral density and bone mass).

71.Adequate circulating concentrations of 25-hydrotgwiin D (the main
circulating vitamin D metabolite) during pregnanase necessarp ensure
appropriate maternal responses to the calcium desnainthe fetus and
neonatal handling of calcium [Specker, 2004]. Itessential that women
entering pregnancy achieve vitamin D status adequaénsure supply to the
fetus and thus the infant during the early monthkf® [Scientific Advisory
Committee on Nutrition, 2007b].

X Rickets - malformation of the skeleton in growing chiiddzie to osteomalacia (softening of the bones).
Nutritional rickets may reflect inadequate calcium ketar vitamin D deficiency.
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72.There is a seasonal variation in birthweight, baiern in October being
slightly heavier than those born in May. It has rbespeculated that this
reflects variation in vitamin D status attributale differences in sunlight
exposure [McGrattet al, 2005], though other seasonal influences such as
weight gain in winter, and fruit and vegetable k&an summer, may be
operative. A study in The Gambia, where there apital UVB sunlight
exposure all year round, observed no significaratienships between
maternal vitamin D status and birthweight [Pren&tal, 2009].

73.A Canadian prospective study of pregnant women, wisose low milk
consumers observed a positive association betwe#mvbight and milk
consumption [Manniomt al, 2006]. This was attributed to greater vitamin D
intake (cow’s milk is fortified with vitamin D in &@1ada) but differences in
the intake of other milk constituents,. such as @gmtmight equally be
responsible.

74.Several studies in developed countries where cavills is not fortified with
vitamin D have investigated the relationship betwematernal milk
consumption of cow’s milk during pregnancy and lbareight. The results
have been equivocal [Elwoast al, 1981; Godfreyet al, 1996; Ludvigsson
& Ludvigsson, 2004; Mitchelet al, 2004; Mooreet al, 2004], but a large
prospective study in Denmark (n=50,117 mother-ihfaairs) observed that
maternal milk consumption in mid-pregnancy was isety associated with
the risk of small-for gestational age at birth, grabitively associated with
both large-for gestational age at birth and meathweight (Pen=0.001)
[Olsenetal, 2007]. It was suggested that the protein infade cow’s milk
was related to birthweight, but the role of dietaajcium was not evaluated
due to high collinearity of milk and total dietagglcium intakes.

3.1.4.1.4 long chain polyunsaturated fatty acids (PUFA) — n-3

75.SACN previously reviewed trials in Europe and tH® idvestigating maternal
dietary supplementation with long cham3 polyunsaturated fatty acids (LC
n-3 PUFA) [Scientific Advisory Committee on Nutritio2004]. It was noted
that trials showing effects on increased gestaeogth [Olsenet al, 1992;
Smutset al, 2003], and reduced preterm delivery [Ols¢ml, 2000], tended
to be in ‘atrisk’ populations or those with lowmean birthweight. However
the mean birthweight of the control group excee8600g in those trials
showing no effect of maternal L@-3 PUFA supplementation on infant
birthweight or gestation [Hellandt al, 2001; Malcolmet al, 2003]. The
effect of n-3 supplementation may also be affedigdthe pattern of fish
consumption before and during pregnancy which gt alters the balance
of LCPUFA released from maternal stores during paegy [Scientific
Advisory Committee on Nutrition, 2004].

76.A meta-analysis of randomised controlled trialswaimen with “low-risk”
pregnancies concluded that 23 PUFA supplementation during pregnancy
may enhance pregnancy duration and head circunderéuat the mean effect
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size was small [Szajewskd al, 2006]. A systematic review of randomised
controlled trials of women with “high-risk” pregneies observed that LG-3
PUFA supplementation during pregnancy was assatiain reduced risk of
delivery before 34-weeks of gestation (relativ& s39, 95 % CI 0.18 - 0.84).
However there was no effect on mean birthweighstagen, risk of delivery
before 37-weeks or incidence of low birthweight fi#thet al, 2007].

77.The ABCD cohort study found that birthweight wasitigely associated with

plasma n-3 fatty acid concentrations. In additiarpositive association was
observed with the n-6 fatty acid - dihomdinolenic acid (DGLA; 20:3n-6),
the precursor of arachidonic acid. Negative assiocis were observed with
all other n-6 fatty acids. These associations werd@ined to the extremes of
exposure, but suggest that a maternal plasma datty profile characterised
by low n-3 and high n-6 fatty acid concentratioms garly pregnancy is
associated with reduced fetal growth [van Eijsdeal, 2008a].

3.1.4.1.5 Nutrient interactions

78.The Pune Maternal Nutrition Study (in India) invgated possible
associations between maternal nutrition.and thepafig’'s risk of diabetes
and heart disease in later life. This study, cotetliin a population with low
vitamin B12 status, found no association betweetemal serum vitamin
B12 concentration and birthweight or length thodi@hmass was greatest in
the offspring of mothers with highest red blood!| delate concentrations
[Yajnik et al, 2008]. High folate status in-mothers with thevést vitamin
B12 concentrations was particularly associated wislulin resistance in the
offspring-at 6 years of age. It was suggested dnaintrauterine imbalance
between these two micronutrients, which are botblicated in methyl group
provision might be responsible. A further reporggested that low maternal
methylmalonic acid concentrations at 28-weeks ptedi low birthweight
[Yajnik et al.,2005].

3.1.4.2Maternal body composition and metabolism

79.Maternal height, weight and body composition mahateeto the metabolic
capacity of the mother and thus her ability todglinutrients to the fetus.

80. Maternal obesity has been defined as having a BMI 80 at first booking
[Heslehurstet al., 2007]. Maternal obesity and gestational diabetes are
independently associated with increased birthweagid adolescent risk of
obesity in the offspring [Langest al, 2005]. Maternal diabetes (type | and
II) and gestational diabetes have also been assdamth an increased risk of
obesity in offspring both in childhood and adultddquVellset al, 2007a].

81.Maternal pre-pregnancy weight and the weight gaoh&thg pregnancy have
been associated with the offspring’s birthweighbf@dms and Laros, 1986;
Kramer, 1987; Schokt al, 1991; Thamest al, 1997; Abramst al, 2000].
A retrospective analysis in the UK of 287,213 coetgdl singleton
pregnancies, observed that maternal obesity reisuttBspring who are more
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likely to have birthweights above the "®(ercentile, as well as other
complications [Sebireet al, 2001]; this has also been observed elsewhere
[Catalano and Ehrenberg, 2006].

82.0bese women are at significantly increased risgesitational hypertension,
pre-eclampsia and gestational diabetes [Weissal, 2004]. Gestational
diabetes can develop in the second half of pregnand if not controlled
leads to excessive transfer of glucose from motbefetus inducing fetal
hyperglycaemia. This alters fetal pancreatic stmgcand function leading to
increased fetal insulin secretion and macrosontia Redersen hypothesis;
Pedersen, 1954; Pedersen, 1977). Women who are {lRaget al.,2005] or
have pre-gestational diabetes [Coreg¢al, 2008] are also more likely to have
babies with congenital malformations including r&@tube defect (NTD).

83.Maternal obesity is associated with a greater pdaswmlume and increased
placental transfer. It is also associated with latikee increase in maternal
insulin resistance, making more glucose availablthe fetus [Goldenberg &
Tamura, 1996]. During a 3-hour glucose toleranc# the area under the
curve following administration of 50g glucese. wagngicantly correlated
with BMI [Greenet al, 1990]. Non-fasting maternal glucose concerdrati
also shows a positive association with pre-pregyndidl and the summed
maternal triceps and subscapular skinfold thickf®skollet al, 2001].

84.In maternal diabetes these changes are amplifie¢dh@mer concentrations of
maternal glucose and other metabolic fuels (trigihges, amino acids, free
fatty acids, ketones) are transported to the ffoslen, 1996; Knopp, 1997,
Herrera, <2000].  Third trimester blood glucose lsvel diabetic mothers
predicted infant birthweight, even after adjustmémt smoking and body
mass index [Jovanovic-Petersetmal, 1991].

85.A positive association between third-trimester fasting maternal glucose in
and infant birthweight was observed in non-diabetmmen [Schollet al,
2001]. In addition, high-glucose concentrationsenassociated with a two-
fold or more increase in complications such as a@&es section and
chorioamnionitis with preterm delivery. These imgs were replicated in
another American cohort of diabetes-free pregnamhen from varied ethnic
backgrounds [Schoét al,, 2002]. .

86.Newborn infants of women with gestational diabetd®w significantly
increased fat mass and percent body fat comparedos®e born to women
with normal glucose tolerance; follow-up studiescabuggest an increased
risk of childhood obesity [Catalano & Ehrenberg,080 Wells, 2007].
Another study observed a positive association betwahildhood obesity (as
defined by BMI) at 5-7 years and the mother’s plasgtucose levels during
pregnancy [Hillieret al, 2007].

87.Maternal adiposity as reflected by BMI is influeddey parity. Greater rises
with age are seen among nulliparous or multipameasen than those who
have only one or two pregnancies [Broetal, 1992]. Increasing maternal
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parity in the Pune Maternal Nutrition Study was cassted with greater
birthweight, skinfold thickness, and abdominal eirderence in the offspring.
This relationship was independent of other matechalracteristics [Joslat
al., 2005].

88.A prospective study conducted in Jamaica foundgaifstéant increase in
weight and lean body mass gained in the pregnanoyng the adolescent
compared to the mature woman [Thaeteal, 2007]. This and other studies
[Steven-Simonet al, 1993; Jonest al, 2009] suggest that the weight of lean
mass gained by the adolescent mother during pregnas a strong
determinant of her infant’'s birthweight. Generaliylolescent girls have
smaller babies, as observed in a retrospectivey stfigpregnant women in
Jamaica (Thamet al, 1999).

3.2 Birthweight

89.Birthweight is an important indicator of neonataldaperinatal risk. It has
been commonly adduced as a.summary index of fetaltional exposure in
epidemiological studies. However, it is< now widelecognised that
birthweight is neither a sensitive or specific measof fetal nutrient supply
nor the only measure indicative of fetal nutritibe®posure.

90.Low birthweight(LBW) is defined internationally as a birthweigbts than
2.5kg. This may be attributable to being born tadye being born small for
length of gestation, or both. #mall-for-gestational ag¢SGA) baby is one
whose birthweight. is below the "IQor sometimes "9 centile weight for
estimated gestation‘Large-for-gestational age” refers to babies whose
birthweight exceeds the 9@entile

3.2.1 Birthweight distribution

91.The frequency distribution of birthweights has tveomponents being
composed of a predominant bell-shaped curve witexaended lower tail. An
example of this is given in Figure 2, which shotws birthweight distribution
of a population similar to that of the UK. The ‘daeminant’ distribution,
defined by its mean and standard deviation (SDJexthe majority of births
and corresponds closely with the birthweight disttion of term babies. The
lower tail of the curve, the ‘residual’ distributipcomprises all births that fall
outside /the predominant distribution and typicaliyounts to 2-5% of all
births. Not all preterm births fall within this idsal distribution; it is only the
smallest births, which happen to also be those igliet perinatal risk.
Populations with a larger proportion in the lowait end would therefore be
expected to have a greater number of small pretdrths, and in turn, a
higher infant mortality rate. A small excess ofglubirths in the upper tail of
the distribution includes babies of diabetic anddmbetic mothers whose
increased growth rate is also associated with Inigieen average morbidity
and mortality [Wilcox, 2001].
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Figure 2 —Distribution of birthweights for 405,676 live and gill births, Norway, 1992—
1998[adapted from Wilcox, 2001]
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92.The average birthweight varies in different popolag, as does the optimal
birthweight (the weight associated with the lowgsrinatal mortality)
[Wilcox & Russell, 1986; Graafmanst al, 2002]. A study analysing data
from the nationally representative UK Millenium Quoh Study (n=16,157)
reported mean birthweight in the‘white infants é0342 kg (95% CI 3.40 to
3.43 kg) (unadjusted) [Kellgt al, 2008].

3.2.2 Seculartrends.in birthweight

93.1In most industrialised countries over the last tiyeyears, there has been a
secular trend to increasing birthweight [Cole, 200the pace of the trend
might be attributable more to rising maternal weitdjan height [Cole, 2003].

94.1In contrast, since the’1970s there has been agaserin the proportion of low
birthweight babies reported in Japan. This has bessociated with
decreasing maternal BMI, reflecting the cosmeticosons of younger
women, and the increasing prevalence of smokingr{iG al, 2001].

95.1n the UK, average birthweight and the risk of |darthweight differs
substantially between ethnic groups [Hardatgal, 2004; Tateet al, 2006;
Kelly et al, 2008] (see Chapter 6).

96. Maternal birthweight and adult height are likelyo® influenced by the health
and social and economic change across generatitaggfrtyet al, 2009].
Intergenerational effects on birthweight have bedrserved (see earlier
section3.1.1 Determinants of fetal growtha mother who was herself low
birthweight is twice as likely to have LBW offspgifiShah & Shah 2009] (see
section 3.4.Zritical periods and programming in humans
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3.2.3 Limitations of birthweight as an indicator of phenaype

97. Although birthweight provides some information abthe end point of fetal
growth, it neither describes the fetal growth twégey nor reflects body
composition. The pattern of fetal growth may afféee development of
organs and physiologic systems in ways that arereaticted by birth weight
and body proportions [Prentice & Goldberg, 2000]rtiBveight alone is
therefore a relatively insensitive measure of fatdtitional status and may be
best regarded as an “outcome of convenience” fomal health policy
[Wilcox, 2001] rather than a complete descriptonofritional phenotype.

98.Birthweight is also subject to other influencesclilling environmental
contaminants and, importantly, the mother's physigand parity. For
example, smoking during pregnancy increases tkeofitow birthweight and
preterm delivery [Lumlet al, 1998].

99.Babies are frequently categorised as “small” ord#d for gestational age
(see paragraph 90) on the basis of their birthvielgit this approach is
problematic. Firstly, epidemiological data indicategradation of metabolic
risk across the birthweight range. Secondly, adjest of birthweight for
maternal characteristics leads to reclassificabbrsubstantial numbers of
babies as “small” or “large” [Gardosi al, 1992]. Thirdly, birthweight and
other body proportions are normally distributednivitpopulations [Krameet
al., 1989].

100. Measures of size and body composition at birthracerded much less
frequently and often less precisely than birthweigbhich is routinely
captured in clinical records. Hence, associatioith warameters other than
weight have been less systematically examinedsitohic cohort studies..

3.3 Postnatal growth

101. The average length of human pregnancy is 280 aay40 weeks, from
the first day of the mother’'s last menstrual peribdt there is considerable
variation across the range 37 to 42 completed wekgsstation. Babies born
within these limits are ‘term’ babies; whereas sthdorn before are ‘preterm’
and those born after ‘post-term’. Some of the ¥emmin the timing of birth
relates to differences in the period between lasinstrual period and
subsequent ovulation/conception.

102. During pre- and postnatal growth, energy is requfir the synthesis of
growing tissues. The proportion of energy intakbsed for growth is highest
in the first 3 months after birth when it accoufds about 35% of the total
energy requirement for the average term infanis(iigher for infants born
preterm). This proportion is halved in the nextethmonths (i.e. to approx
17.5%), and further reduced to only 3% at 12 morgiigure 3) [Wells &
Davies 1998]. Energy needs for growth fall to lgksan 2% of daily
requirements in the second year, remain betweerfo 1@ energy
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requirements until mid-adolescence, and becomagilelg! by 20 years of age
[Food and Agriculture Organization, 2001].

Figure 3 - Components of energy expenditure as pezntage of metabolisable
energy intake in each age groupwells & Davies, 1998]
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103. During lactation, as.in pregnancy (section 3.1i12, mother provides the
nutritional needs of the growirnigfant. Adaptive changes including changes
absorption, metabolism and excretion of mineralswaher to achieve this
without a substantial increment in dietary intake.

104. Growth'is a dynamic process; a single measuremeas chot allow
assessment. A series of measurements, includinghtydieight or lengtti,
and head circumference, must be plotted againsg tmd interpreted by
reference to population data [see sectionG®wth assessmgnt

105. An increase in weight is often taken to indicates$actory progress of
growth in a child, but variations in the compositiof tissue deposited (i.e.
muscle development and fat deposition) make ingdapion of weight gain
alone difficult. The usefulness of growth measurements also depends
accuracy of measurements. Readings of height aightvare subject to bias
if the observer has preconceptions about the chdgdowth [Hall & Elliman,
2003].

3.3.1 Patterns of postnatal growth

106. Figures 4 and 5 show schematically the growth [eaff a typical child
(length/height and weight) as described by Tanféey indicate how the
velocity of growth changes with age [Tanner, 19681 are not intended to
provide normative data. In reality, there is coasadble variability within and
between both girls and boys, particularly at pubert

X For children up to 24 months of age, supine length is measttest than standing height
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Figure 4 shows that in early infancy, height vetpdn boys is greater

than in girls’ but becomes equal at about 7 mowothage and subsequently
lower at 4 years. From birth until age 4 to 5 yetre rate of growth in height
declines rapidly, slightly faster in boys. The sedpgent rise is related to
puberty and there is considerable inter-individtalation in age at onset.

weight

The pattern of weight change is very similar. Feggbrshows that boys’

velocity is greater at birth, but becomesiado girls’ at about 8

months and then gradually drops below. Boys’ weighkh stays a little below
girls’ right up to adolescence. Weight velocity dads on more factors than
height velocity, which makes generalisation to wndlial children difficult
[Tanneret al, 1966]. The peak velocity for the adolescent spuweight lags

behind

the peak velocity for height by about 3rheran average.

Figure 4 -Velocity curves for supine length or heigt in boys or girls. These curves
represent height growth velocity and how this clegngith age, but are not intended to
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Figure 5 - Velocity curves for weight in boys or gis. These curves represent the weight
growth velocity and how this changes with age,dretnot intended to depict normative
data
[Tanner et al., 1966]
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109.  More recent velocity standards were produced by Wwrld Health
Organization (WHO). in 2009 (based on the same sanapld statistical
approaches as those used in the construction ofMHE® attained growth
standards published in 2006 - see section @éwth assessméntThese
provide standards for comparing the rapid and cimangate of growth in
early childhood (0-2 years), regardless of ethypigbcioeconomic status and
type of feeding.

110. Karlberg modelled the pattern of human growth freonception to
completion as a set of three overlapping curvesed theinfant, childhood
andpubertalphases [Karlberg, 1989]; this is known asitifancy-childhood-
puberty (ICP) model of human growth (FigureThe Karlberg ‘ICP’ model of
human growth for height

111. The three phases summate to form the combined krowtve, each
phase commencing as the previous one attains pelakity.. Theinfant
phase begins at conception and ends in early gatlife; relative growth is
more rapid during this phase than at any other tiltee childhood phase
begins after birth during the decelerating phase¢hefinfant velocity curve
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and ends in adolescence. Finally, thibertal phase begins with the onset of
puberty and extends until growth and maturationcarapleted in adulthood.

Figure 6 - The Karlberg ‘ICP’ model of human growth for height
[taken from Kelnar et al., 1998]
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112. The importance of distinguishing between these ghds that each
relates to underlying genetic, hormonal and notai factors that influence
growth, leading ultimately to  differences in skaletmaturation and
development in an individual child. Phases aretaddand the age at onset is
a critical factor in determining final adult heiditarlberg, 1989].

113. The greatest growth velocity occurs in the infahage, which may be
nutritionally led, and this accounts for the mucager vulnerability of young
children to chronic energy and nutrient restricti®estriction of growth at
this stage results in stunting, which impacts neght on adult height.
Karlberg proposes that any delay in the transifrem infant to childhood
growth (see later section 3Growth faltering will also have profound effects
on the attained height in subsequent years.

114. Organs and tissues do not grow at a uniform rateas 1904]. A
notable difference between an adult and an infathe relative weight of the
brain, which is growing at a peak velocity arouadit and completes most of
its growth in the first two years of life. In thallfterm newborn, it represents
about 12% of the body weight, but in the adultiewt 2%. In the presence of
an adequate nutrient supply and the absence dfedlth, these processes
occur in a genetically predetermined and regulaseduence. Sexual
differences in body composition become most markiéel puberty but are
present in earlier childhood too (Wells, 2000).

This document has been prepared for consideraishebScientific Advisory Committee on Nutrition.dbes not necessarily44
represent the final views of the Group or the potitHealth Departments and the Food Standards é&gen



08/09/10 SACN/SMCN/10/07

115.  Although much individual variation occurs in thenihg of the onset of
puberty in both girls and boys, the overall seqeesicpubertal events is well
preserved [Tanner, 1953h girls, the pubertal growth spurt occurs betw8en
and 13 years of age, soon after the initiation r@fabt development in the
majority. In boys, the growth spurt occurs as @rlgiubertal phenomenon
about one year after pubertal onset, defined byinanease in testicular
volume [Tanner, 1953; Tannet al, 1976] Therefore, growth may serve as a
tool in the assessment of secular changes in @mlbéming, but must be
considered separately for girls and boys. Moredere is a need for careful
assessment of pubertal staging when interpretirgg glowth pattern of
individual children in adolescence.

116. It has been observed that girls with higher bodyghve higher body
mass indexmore body fat, and greater height reach their nudwaearlier
[Koprowskiet al, 1999; Petridoet al, 1996; Moisaret al, 1990]. In the last
two centuries, age at menarche has decreasedénal European populations,
whereas adult height has increased. Age at menancBetish adolescents
has stabilised over the last 20-40 years or so ffidllp, 2001]. Those women
who reachmenarche relatively later eventually become taltéults, compared
to those who undergo menarche earlier [Onland-Metretl, 2005]. A faster
tempo of childhood growth, characterised by rap&lght gain and growth,
leads to taller childhood stature and earlier memamwith consequent shorter
adult stature. There may also be a transgenerdtioiizence towards faster
tempo of growth which is transmitted from the mottethe offspring [Ong
et al.,2007].

117. Early menarche is an established risk factor faabt cancer [World
Cancer Research Fund / American Institute for CaResearch, 2007].The
timing of menarche is also likely to be determir®dsome growth factor
operating near the time of birth, which also affdater weight, but not height
[Cole, 2000].

3.4 Growth faltering

118. . In the fetus and young child, a period of energy autrient restriction or
illness may impair growth. The faltering of growth utero is termed
intrauterine growth restriction(IUGR) and is detectable through serial
ultrasonic - measurement of fetal dimensions durirey gregnancy. The term
IUGR therefore describes velocity of growth and tres differentiated from
attained size at birth. Infants who are born “srf@llgestational age” (SGA)
(see section 3.2) may have been small through@agnancy yet grown at a
normal velocity [Kramer, 2003]. Conversely someaints born at a weight
appropriate for gestational age may have showauktérine growth restriction
(see section 3.2.3) [Altman & Hytten, 1989; Kram8eYictora, 2001].

119. Postnatal growth faltering is usually first evideag a fall in relative
weight. This can be quantified as a change in stahdeviation (SD) score or
centile position over time and has been operatipuifined in the UK as fall
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in weight equating or exceeding 1.3 *8Dduring the first year of life. This
change in relative centile position, or “centileossing”, is termed
“conditional weight gain”. The proportion of infantn any population who
show centile crossing, is dependent firstly on ¢gnewth reference chosen
and, secondly, on weight at birth. As a group,nisavho are heavier at birth
are more likely to show downward centile crossimgg those who are lighter
at birth are more likely to show upward centilessiog [Wrightet al, 1994;
Cole, 1995; Scientific Advisory Committee on Nutit 2007a].

3.4.1 Canalisation, catch-up and catch-down growth

120. In the context of human growth, the termahalisation” describes the
tendency to follow a genetically determined trapegt given optimal health
conditions and nutrient supply. Individuals whosevwgh has slowed or
accelerated as a consequence of disease or othenges, show a tendency
to accelerate or decelerate once these are. renfiBrederet al, 1963]. Rapid
growth following a period of restriction is termedtch-up growthand may
ultimately redress wholly or partly the accruedidéefn weight and size.

121. The term “catch-up” is also used to describe thatixely rapid early
postnatal growth observed in infants who have [m#dajected to intrauterine
growth restriction. In contrast, “catch-down”, alatevely slow rate of
postnatal growth, may be observed in infants wheehshown intrauterine
growth acceleration leading to macrosomia (for epianthe infant of a
diabetic mother). Whilst “catch-up” from low birtleight may be beneficial
in the short term to child survival [Pelletieral, 1993] it has been speculated
that suchcompensatorygrowth may impose physiological costs on the
organism by programming [Luc&s al, 1999; Victora & Barros, 2001]. The
associated disease costs may not be evident ateil in life [Metcalfe &
Monaghan, 2001].

122. Catch-up and catch-down growth have both biologeadl statistical
components. Statistically, the phenomenon of resgrago the mean predicts
that childreninitially at the extremes of the disition converge towards the
mean over time. The chance of this happening capredicted from the
population reference distribution, allowing the ngtiication of a separate
biological component over and above that expectatistcally [Cameroret
al., 2005].- Catch-up growth after intrauterine corstraor restriction is
usually completed by the end of the first yeaiifef but in extreme cases may
continue into the second.

123. Catch-up and catch-down growth are common phenonsurang
infancy [Wrightet al, 1994; Cole, 1995]. A retrospective analysis 0f844
US children born in the 1960s and 70s showed t9%t 8hildren crossed two

X This distance is equivalent to two “centile spaces” orfriiree-centile” chart which is formatted such
that each centile line is positioned at a fixed distan@GHFSD from the line above or below [Cole,
1994].
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major percentiles’ for weight-for-age in their first 6 months, and?%32
crossed two major percentiles for height-for-agehi@ first 6 months. Such
percentile crossing was less common among chil@irem 24 months of age,
and least common among those 24 to 60 months dMejeet al, 2004].

124. It is important to consider the catch-up procest ardy in terms of
weight or height, but also in terms thfe type of tissue deposited. Postnatal
catch-up growth may lead to differences in body position relative to
infants not exhibiting catch-up growth. For exampdeveral prospective
studies have observed the progressive depositionooé abdominal fat and
increasing body adiposity in later childhood andldwod after a period of
catch-up growth during infancy [Oreg al 2000; Reillyet al, 2005; Ibaneet
al., 2006; Karaolis-Danckedt al, 2006; McCarthyet al, 2007].

125. Tanner described two ways in which an individuabimidemonstrate
complete catch-up following pre or postnatal grovehtriction. Growth may
be accelerated (as above); or bone maturation tleggowth) delayed,
sometimes in association with a«delay in the onf@uberty [Tanner, 1981].
Frequently, catch-up is a mixture of these shartitend long-term processes.
The extent to which they are distinct, and the rme@ms which underlie
them, remain unclear.

126.  Catch-up growth may be complete or incomplete, dejpg on both the
timing and duration of the constraining stimulusd ahe extent to which
conditions are optimised during recovery... Gengrille earlier nutritional
restriction occurs, and the more prolonged its tioma the less likely
complete catch-up will occur. This is to a largéeat a corollary of the shape
of the growth velocity curve: a greater deficim®re quickly accrued during
a period normally characterised by rapid growth.qudly, growth must
accelerate by a relatively greater'amount to restoe deficit once the child is
older, because normal velocity will have slowed(section 3.3.Patterns of
postnatal growth

3.4.2" Critical periods and programming in humans

127." Tissues and organs in the fetal body appear to rgodécritical”
[Widdowson & McCance, 1975] or “sensitive” periofiBanner, 1990] of
development, where insults or stimuli at a givenetj lead to lifelong changes
in organ structure or function [Lucas, 1991]. le tbhysiological sense, they
represent stages of life at which there is incréasmsitivity of a receptor to a
highly specific stimulus, followed by decreasingsiéivity and eventually by
no response. For example, in thé"Jgbstmenstrual week, the human male
fetus must receive male sex hormones to stimuleedifferentiation of the
external reproductive organs.

128. The critical period hypothesis posits that, oncetpa developmental
opportunity is lost and phenotypic attributes aet. $istorically, human

W The 8", 10", 258", 50", 75", 90" and 9%' percentiles were defined as the major percentilésisrstudy
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critical growth periods occurrinigpg uterowere considered to have more long-
term implications than those occurring postnatadlighough this may have
reflected lesser ability to detect the latter [Tanril990]. It has been stated
that “programming is the consequence of the innate capaaf developing
tissues to adapt to the conditions that prevailidgrearly life, which for
almost all cell types in all organs is an abilityat is present for only a short
period before the time of birthlLangley-Evans, 2006]

129.  Ciritical periods may originate with periods of muiell division when a
change in fetal substrate supply could be expeciexert maximal effect on
growth and differentiation. Nutritional programmiogn thus be considered a
subtle and complex metabolic response by  the fatusnutrient-gene
interactions during such a period advelopmental plasticityrhe organism’s
ability to change its phenotype in response to ghann the environment
explains how a range of physiological or marphatagjphenotypes may arise
from a single genotype as the consequence of exposu different
environmental conditions [Horton 2005].

130. Experimental and observational research.in humauas adher species
demonstrates the importance of early developmeanlater health outcomes
[Lucas, 1994; Lucas, 1998; Godfrey & Barker, 20(@e also Chapters 4 and
5). Empirical studies in animals have shown thdfedént organs have
different critical periods of development. Thusulis.or stimuli delivered at a
specific time, lead to reproducible lifelong chamge organ structure or
function [Lucas, 1991].

131. Key.evidence about the vulnerability of humans stémm observations
on the-offspring of mothers who experienced wartiamaine at known points
in gestation.. The Dutch hunger winter of 1944 resililin severe food
shortage for a period of 5-6. months, whereas #gesdf Leningrad was much
more prolonged lasting some 2-years between 194 11944.

132.  Studies of pregnancies occurring during the Dutrhifie of 1944-1945
found that the offspring effects of maternal fodtbdage varied with the
period of gestation at which it occurred [Lumetyal, 1993]. Mothers with
severely restricted energy and nutrient intakeg¢btunger winter, 1944-45)
during late gestation tended to bear offspring Watler birthweight and size
(crown-heel length and head circumference) [Stdiral, 2004]. Birth size
and body proportions were not affected by firgh&ster famine exposure.

133. Famine exposure during early gestation was associmith decreased
factor VI plasma concentrations [Roseboetral, 2000c], increased serum
cholesterol concentrations and coronary heart sesé@HD) risk [Roseboom
et al, 2000b; Roseboorat al, 2000a] in later adult life. Exposure in mid-
gestation was associated with renal dysfunctiorci@aibuminuria) [Painter

* Factor VIl is one of the vitamin K-dependent coagulationofacsynthesized principally in the liver
and secreted as a single-chain glycoprotein. Factor \Bldeare associated with increased risk of
cardiovascular disease.
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et al, 2005] and prevalence of obstructive airways aise[Lopuhaat al,
2000]. Late gestational exposure was associated @decreased glucose
tolerance in adulthood, especially among those bdtame obese in later life
[Ravelli et al, 1998]. No association was observed betweenapakfamine
exposure at any stage of gestation and blood meessu adulthood
[Roseboonet al, 1999].

134. These findings suggest that the timing of prenatqdosure to famine
determines which organ system is affected. Thetlhealtcome may reflect
which critical periods of rapid growth and develaggorh coincided with the
famine exposure. For example, there is normallgmdrincrease in nephron
number in mid-gestation and famine exposure at ploist was associated
with renal dysfunction in later life [Paintet al, 2005].

135. Offspring fingerprints may be morphological markeo altered
intrauterine growth processes relevant to the gadyatal origins of several
chronic diseases [Godfrest al, 1993; Kahret al, 2008]. A report from the
Dutch Hunger Winter Families Study found.that diekein adults-over 55-
years of age was associated with a fingerprint axttaristic known to be
established in early pregnancy, irrespective dhhbieight [Kahnet al, 2009].
The association was .conserved even amongst thosgnasied in the
preceding 7-years.

136. Initial results from the Dutch famine studies sugjgd intergenerational
associations: it was reported that mothers expdsethmine as first and
second trimester fetuses had offspring with birtights lower than mothers
who had not been exposed to famine in utero [Lurk®9?2] (see also section
3.1.1 Determinants of fetal growth A subsequent study failed to confirm
such an association [Stein and Lumey, 2000].

137. Intrauterine and early infant (from 10 weeks of Jageposure to food
shortage during the siege of Leningrad (1941-4) wak associated with
glucose intolerance, dyslipidaemia, hypertensiancaodiovascular disease in
adult life [Stanneret al, 1997; Stanner and Yudkin, 2001]. The authors
attributed this to a lack of early childhood catghgrowth after the Leningrad
famine, in contrast to the situation, which presdiin Holland.

138. Overall, these extreme conditions seem of greatemtecnporary
relevance to populations in developing countriemntindustrialised nations.
The majority of low birthweight babies are borndeaveloping countries [de
Oniset al, 1998] though the example of Japan (see sectd®)3illustrates
that important exceptions may occur. Behaviouralingadisorder. e.g.
bulimia nervosa, during pregnancy has also beemcadsd with low
birthweight and intrauterine growth restriction j@ioet al, 1998; James,
2001].
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3.5 Influences on growth

139.  Growth monitoring is pivotal to fetal and child Hiasurveillance. A
healthy, well-nourished child can be expected tto¥o a trajectory, which
parallels the genetically determined centile.

140. The distinction between attained weight or size grmivth is crucial.
Measurements of current weight and size shows whar@dividual is in
relation to a population distribution, but do nasdribe the rate of growth.
Growth velocity cannot be estimated from fewer thamo accurate
measurements spaced sufficiently far apart in time:

141. Growth charts are used to document the growth faiis, children and
adolescents. They are usually formatted as a sefigsrcentile curves (for
weight, height and head circumference) that illtstr the population
distribution of selected body measurements.

142. The UK1990 growth reference was based on crosssactt
measurements of several thousand British childieseven studies performed
between 1972 and 1989. The charts depicted measuatsmf weight, height,
BMI, head circumference and stages of puberty, éetwbirth and twenty
years [Coleet al, 1998].

143. It has been widely acknowledged that the growthepatof exclusively
breastfed infants varied from that depicted by fermyK and US growth
charts [Whitehead and Paul, 1984; Deve¢yal, 1995]. On the UK1990 and
National ‘Health Center for Health Statistics growtiarts, breastfed babies
appeared to cross centiles upwards in the earlythmprrossing downwards
through centiles in the second half of infancy [lgedet al, 2000; Coleet
al., 2002]. In consequence; they appeared lighteRahdnths by as much as
half a centile space. It is now recognised that teflected the high proportion
of infants in the UK and USA who were formula orxeu-fed at the time
older reference data were collected.

144. . In 2007, the Department of Health accepted recondiat&mns to replace
the UK1990 reference with the new World Health @igation (WHO)
Growth Standards [Scientific Advisory Committee olutrition, 2007a].
These reflect the growth of healthy term infantsrfrsix countries who were
exclusively or predominantly breastfed for thetfids6 months of life (mean
age at the start of complementary feeding 5.5 ng)nifhe new charts were
introduced to the UK in May 2009 because they r&gme an international
standardof growth for all healthy infants and young chédrhowever they
are fed. These charts are in current use to moalkdsK children up the age
of 4 years.

145. The difference between a reference and a standafdndamental. A
growth referencesimply describes the growth pattern of a samplehdtiren
in the general population regardless of health awmia$ status, whereas a
growth standarddescribes the growth of a ‘healthy’ population audgests
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an aspirational model or target. In the first haffinfancy, the pattern of
growth shown by infants exclusively breastfed repres a biological norm
being associated globally with short-, medium- dodg-term outcomes
health outcomes superior to those of infants ardlly fed [Scientific
Advisory Committee on Nutrition, 2007a)].

3.5.1 Secular trends in growth

146.  During the 28 century, secular increases in height have beeerodd
among children and adults in the UK. Incrementsl@f30 mm have been
observed with each succeeding decade [Chinn & Rd884; Kuhet al,
1991; Cole, 2000]. Adult height is linked to gendctors, birthweight, rate
of growth, age at puberty and environmental fa¢tsueh as diet. There has
also been a concomitant change in weight, bothdints and in children.
Secular changes in height have slowed in Northasrofe, while weight
continues to increase as indicated by the populdatend towards increasing
BMI [Cole, 2003].

147. In some European countries, the secular trend éatgr height has
stopped. One explanation is that the genetic hgigtential of the population
has been reached. It has been suggested thatpfiiexanates a population
mean of 1.8 metres in northern European counttiasnkjaer,et al, 2006].
An analysis of conscript height in European coestriound that a secular
increase in height stopped approximately 18 yefées aeonatal mortality had
fallen below 4/1000 deliveries [Schmigeital, 1995].

148.  Appendicular growth predominates during pre-pubemars, including
infancy, and axial growth during puberty [Tanne®9Q]. The cessation of
limb growth and acceleration of truncal growth aberty are sex-hormone
dependent due to effects on the action of growtinbae and IGF.

149. Intergenerational increases in height are genedally to increased leg
length, which is linked to growth during infancy y@nell et al, 2001]. Leg
growth is mediated by the expression of growth-hmrenreceptors on the
growth plates during infancy, and this may be d@fdcby the interaction
between concurrent nutrition and the nominal growttie set during
pregnancy. Thus leg length in adult life tend tfhet the operation of early
life factors; in the 1946 British birth cohort itasw positively associated with
breastfeeding and energy intake at the age of #fydadsworthet al, 2002].
During puberty, truncal growth becomes more promifi€anner, 1990].

150. Nutritional factors could thus influence diseassk rby affecting the
endocrine regulation of growth, for example by matlng IGF-I secretion.
Adult height would thus act as a marker of early &xperience [Marmatt
al., 1984]. Undernutrition in early life is also assded with a delay in the
transition from infant to childhood growth and ceqgaent reduction of
attained height [Karlberg, 1989] (see earlier serti3.3.1 Patterns of
postnatal growth
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3.5.2 Effect of early feeding on growth

151. Observational studies have described associatietwelen method of
infant feeding and growth pattern in early lifertgaularly during infancy.

152. A large (17,046 term mother-baby pairs) controlkeidl in Belarus
allocated hospitals to participate or not in the @/Hnicef Baby Friendly
Initiative. The intervention significantly increakéhe proportion of infants
breastfed exclusively or predominantly for morentt&months [Krameet
al., 2001]. Observational data were later collectedaonohort of infants
nested within this trial. These showed that infdatsinfant formula or other
milk showed faster gain in weight and length _thromgf- infancy. A dose-
response gradient was observed, and the stronggstiations were apparent
at 3 to 6 months [Krameet al, 2004]. Reverse causality (for example
cessation of breastfeeding in hungrier babieshemperation of confounding
factors could not be excluded as the data wererzdisenal.

153. A subsequent comparison was based on 13,889 infaliisved up at
age 6.5 years of age [Kramet al, 2007]. This.revealed no differences in
physical parameters (weight, height, BMI, waist d dmip circumferences,
skinfolds) or blood pressure revealed no differenicetween babies born in
intervention or control hospitals, despite the tge@revalence of exclusive
breastfeeding in the former group (see section Bulnan intervention
studie$. It was suggested that associations reporteshitier analyses and
other observational studies may_ be the result ofazonding and selection
bias.

154.  Several studies have shown that serum IGF-1 coratemts are lower in
breastfed compared with formula-fed infants [CHedlaty et al, 2006], at 3
months, 4 to 8 months [Savimd al, 2005], and at 6 months of age [Soetha
al., 2005]. Formula has a higher protein content thr@astmilk [Heiniget al,
1993] and it.is plausible that this stimulates IGBecretion and infant growth
[Axelsson et al, 1989; Hoppeet al, 2006]. A lower infant IGF-1
concentration iIs consistent with the observatioat threastfed infants gain
weight more slowly than formula-fed infants in latéancy. However some
data indicate that adults who were breastfed asisftend to be taller [Martin
et al, 2002; Victoreet al, 2003].

155.  Protein intake during infancy has been associatddnapid early weight
gain and later obesity [Koletzket al., 2005] though results from the
Southampton Women’s Survey, which measured bodysatg DXA, has
suggested that protein intake in infancy is nobeisged with adiposity in
later childhood at 4 years [Robinsenal.,2008].

156. Findings from the Avon Longitudinal Study of Paer#nd Children
(ALSPAC) cohort in the UK showed a significant agation between serum
IGF-1 concentrations measured at 7 to 8 y of lifed ahe history of
breastfeeding. Compared with those who had neven beeastfed, children
who had been partially breastfed or exclusivelyabtied for at least 2
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months, had significantlpigher IGF-1 concentrations [Martiat al, 2005d;
Schack-Nielsen & Michaelsen, 2007]. Serum IGF-I waso strongly
positively associated with growth in height frony&ars to 9-10 years of age
[Rogerset al, 2006]. It was suggested that breastfeeding npgbgramme
the IGF axis.

157. The effects of complementary feeding and earlyoshiction of solid
foods (usually associated with early formula fegjlimn growth remain
unclear [Hamlynet al, 2002; Fosteret al, 1997]. Observational data
collected from over 1600 infants recruited to flVE prospective randomised
trials of formula feeding were used to examineréflationships between age
at introduction of solid foods, growth and healtitammes up to 18 months.
Infants introduced to solid foods earlier were é&rgt 12 weeks than those
introduced later, but the growth trajectories & tivo groups ‘converged’ at
18 months [Morgaet al, 2004].

158. A limited number of randomised controlled trialsveaexplored the
effect of infant feeding on growth in infancy. Sonmave additionally
examined cardiovascular risk factors in later divlod but not in adult life.
These studies are summarised in section 5.1.

3.6  Summary

159. The pattern of growth and development between qume and
achievement of adulthood reflects interaction betwegenetic and
environmental influences, including nutrient supply human growth and
development.

160. The high velocity of growth and development duriiegal and early
postnatal life (before the age of about 2 yearg)lies that restriction of
nutrient supply will have greatest effect at thetsges of life.

161. Development occurs in an ordered sequence, sdhbeaeparate organs
and tissues of the body achieve maximal growthomglat different stages of
development. Organs and tissues are most vulneralietrient restriction at
these points which have been termed “critical piof development.

162. Nutrient restriction during development can resiuit irreversible
alteration of organ and tissue architecture andtfan. The consequence of
such changes is “programming” of the individual’'sepotype, evident as
alteration of body structure, composition and melialcompetence.

163. Many determinants of fetal growth are establishadrgo pregnancy,
during the immediate periconceptional period or¢hdier life course of the
mother. A woman'’s nutritional status at the comneament of pregnancy will
determine her ability to meet the needs of thesfétam dietary intake and
issue nutrient reserves.
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164. During pregnancy, many major physiological and inelia changes
occur in the mother. These work together to coreséetal nutrient supply.
They include adaptations which increase uptake utfients from the diet,
reduce excretion and alter maternal nutrient pamiitg in favour of the
fetoplacental unit.

165. Despite these adaptations maternal nutrient réstrienay impact on the
weight, size, body composition and later healthhef offspring, particularly
when it is severe, for example as in famine or exiar Low maternal status
for some micronutrients has some characterisedtsfien human pregnancy
(for example in the case of vitamin D and folatej the specific effects of
deficiency in many other individual nutrients arerrently not well
understood.

166. Pathological and environmental factors (such askarmgoand altitude)
may impair placental function and restrict.the gilowf the fetus even in the
presence of adequate maternal dietary supply.

167. Birthweight is frequently used as a measure ofl fetacome but has
many limitations as a descriptor of offspring phigpe. Low birthweight
(defined by a birthweight of less than 2500g) may #ttributable to
shortening of gestation (premature birth) or towshy of fetal growth
(intrauterine growth restriction; IUGR).

168. Intrauterine growth restriction is not -necessarityarked by low
birthweight..For example, a fetus which is largee@ly pregnancy may grow
relatively slowly and yet attain a birthweight withthe normal range of the
population.in question.

169. Infants who showed restriction of growih utero frequently differ in
body composition from those who did not. Theseetd&dhces may be evident
in body dimensions (such as length and head cirerente) and the relative
amounts or distribution of tissues within the body.

170. Postnatal catch-up (or “compensatory”) growth dwading intrauterine
restriction, may amplify differences in body compios. This potentially has
additional implications for metabolic function adidease risk.

171. The pattern of feeding in infancy also influenceshbthe rate of growth
and the type of tissue deposited. Early nutriergosyre may thus induce
effects on body composition or hormonal axes amilegde the pattern of
childhood growth. The extent to which genetic atithie variation influences
these processes is currently not clear.
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4 IMPACT OF EARLY NUTRITION ON LATER CHRONIC
DISEASE OUTCOMES: EPIDEMIOLOGICAL STUDIES

172.  The following sections examine the epidemiologedtence relating to
the impact of early nutrition on a range of chromisease outcomes.
Birthweight, placental weight and measures of siedoody composition at
birth have all been related to disease outcomesrighdfactors for chronic
disease in adult life. The impact of various othex- and postnatal factors,
including maternal nutrient intake, early postnajedwth and feeding, are
also considered.

173. The largest body of epidemiological evidence isoeisded with
cardiovascular disease outcomes such as coronary theease and stroke,
cancer and type 2 diabetes. These form:the prifays of the following
sections. When evaluating the evidence, the camagt and strength of
associations is considered and limitations highédh

4.1 Contribution of the epidemiological evidence

174. Epidemiological studies can only demonstrate thistctor is associated
with the incidence of disease in the exposed pdipnlaThey have limited
potential for causal inference; but can suggesthan@sms. The findings of
epidemiological studies cannot always be generils®y/ond the population
studied.

175. It is _not always clear whether intermediate outcenoe biological
markers, which are often used as proxy measurepigemiology, are truly
predictive of the health outcome that they are immed to indicate. For
example, there is'a varying degree of correlatietwben BMI at different
stages. of childhood and adult BMI (see section 12.1Despite this,
epidemiology can usefully suggest further avendessearch.

41.1 Methodological issues in observational studies (sealso Chapter 2
Methodological Considerations

176. = Birthweight is commonly used in epidemiological dias with the
implication that it represents a summary measufetaf nutritional exposure.
However, birthweight is neither a sensitive norpecific measure of fetal
nutrient-supply. Birthweight may vary for many reas (see section 3.2
Birthweigh). Moreover, animal studies have shown that vameaf maternal
dietary intake may alter the offspring’s nutritibnphenotype without
modification of birthweight.

177. The large sample sizes that are characteristipideeniological research
generally necessitate the use of anthropometricsarements as indicators of
body composition. The limitations of anthropometratios (such as body
mass index, BMI, or ponderal index, Pl) as indicaitof fat mass or fat-free
mass need to be emphasised. Central adiposity nsidared a stronger
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indicator of cardiovascular risk [Wel&t al, 2007b] [Daniel®t al, 1999] but
BMI provides no information about body shape, patf fat distribution or
fat to lean mass ratio..

178. Although BMI is often used as a measure of adigosit children,
cautious interpretation is required when compagraups that differ in age or
when predicting an individual's fat mass [Pietrébeti al, 1998]. Children of
the same age and gender can have a two-fold ranfgg mass for a given
BMI value whether obese or not [Wedisal.,2007a].

179. Many individual studies (both observational and exkpental) have
limited statistical power to detect modest assamiat Imprecise measures of
primary exposure may also obscure true associatwthsdisease outcomes.

180. Conversely there is some evidence of publicatioas bieading to
inappropriate emphasis on studies yielding extreasilts [Huxleyet al,
2002]. Publication bias has been asserted in tiegoof the relationships
between blood pressure and birthweight [Huxétyal, 2002], and infant
feeding pattern [Oweret al, 2003a]. . This problem may have been
compounded by the failure of published studiesrés@nt quantitative data on
associations considered unimpressive [Hwdegl, 2002]. This tendency of
null studies to avoid stating regression coeffitsemay introduce bias in
meta-analysis.

181. The scientific literature about impact of early dewy uses definitions,
which are often inconsistent, particularly in redatto breastfeeding. For
example, ‘breastfeeding’ may indicate either exgkisbreastfeediny or
breastfeeding alongside the use ofinfant formolix¢d feedind™) and other
foods and fluids: Likewise the term ‘weaning’ cam bsed either in its
contemporary sense to denote the introductiomodi$ other than breastmilk
or infant formula [Department of Health, 1994] ¢ more historical sense
describing weaning from' the breast. ‘Complementigding™" is now
preferred as a term to denote infant dietary difieagion but is less
commonly used. Additionally retrospective rathearttprospective recording
of infant feeding practices may introduce bias.

182. In studies with many early exposure measuremerddi¢plarly those
with detailed birth and childhood records), mukiphypothesis testing
increases the possibility of false positive asdamia [Paneth & Susser,
1995]. Many studies lack adjustment for confougdifactors; social
circumstances at different stages of the lifecoanse particularly important

*!' Exclusive breastfeeding is when an infant receives only inédastnd may be given drops or syrups
consisting of vitamins, mineral supplements or medicinesbuther food or liquids. UK Health
Departments recommend exclusive breastfeeding for thesifiratonths of an infant’s life [Department
of Health, 2003]

“" Mixed feeding refers to when an infant receives bothgtreilk and infant formula milk.

i Complementary feeding refers to the process of divémgifgiet by introduction of foods other than
milk.
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potential confounders [Huxlegt al, 2002]. Limited response and follow-up
rates may also give rise to ascertainment or sagbiias [Joseph & Kramer,
1996; Susser & Levin, 1999].

183. Inadequate adjustment for confounders, e.g. soocra®uic status, may
lead to spurious associations being made. Confognbtly social factors
associated with breastfeeding is one example [Wallal, 2007a]: some
observational studies reporting slower growth iedstfed infants relative to
formula-fed infants have not adjusted adequatalgdmfounding factors such
as socioeconomic influences, maternal smoking e@gmpancy, and maternal
BMI [Kramer et al, 2002].

184. Alternatively, inappropriate adjustment for expasiron the causal
pathway, e.g. weight or height, may lead to eseéxn#ébat amplify effect sizes.
Current weight is associated with both_the outcaagable (cardiovascular
risk) and the predictor variable (birthweight). T@emay be further
confounding, where, for example, associations weakgh age [Whincup,
1998; Huxleyet al, 2002; Tuet al,2005].

185. Some of these concerns have bheen refuted in gspestifidies. For
example, the relation between birthweight and CHI3 heen observed in a
Finnish study with a high fellow-up rate withoutjastment for current body
weight or size [Erikssoet al, 2001]; data from a Swedish cohort suggests
that the relationship between birthweight and CHDat confounded by adult
social class [Leoet al., 1998].

186. Limitations in measuring exposure, coupled with thethodological
problems intrinsic to human life-course epidemiglampake it difficult to
ascribe mechanisms to any associations observed rdisé important
hypotheses, which can be tested empirically inrodlett human and animal
studies.

187. A more general problem is the lack of clear agredgmieetween
observational studies on: (i) the overall strengtld importance of different
maternal, fetal and child exposures in the aetilufgdisease risk, and (ii) the
intermediate components of the disease risk pathwhich are mediating the
effects of early life factors. Understanding thetela requires a clear
understanding of the biological mechanisms, whick ¢éxposure to outcome.

4.2 Cardiovascular disease (CVD)

188. Cohort studies in the UK have observed an invesse@ation between
infant weight, within the normal range, and adulirdiovascular disease
(CVD) risk in males [Barkeet al, 1989a; Barkeet al, 1989b; Hales &
Ozanne, 2003]. The association between lower beifimt and increased
CVD risk was later replicated in other cohorts amather countries. It was
later shown that adjustment for length of gestatimreased the strength of
association with CVD risk in adulthood, suggestingt fetal growth rate was
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more important than gestational length in deternginfuture CVD risk
[Erikssonet al, 1999; Forseet al, 1999].

4.2.1 Coronary heart disease (CHD)
4.2.1.1Birthweight, size and body composition at birth &dD

189. A systematic review and meta-analysis of obsermaticstudies (18
studies all from developed countries apart from ionkadia, total of 147,009
people) observed an inverse association betwe#mMgiight and subsequent
development of ischaemic heart disease (IHD) (oue= including IHD,
CHD and CVD) in adulthood. Overall age- and sexust#id relative risk of
IHD was 0.84 (95% CI (confidence intervals) 0.88B8) per 1kg increment in
birthweight P <0.0001) [Huxleyet al, 2007] (Figure 7). This did not differ
between men and women, and adjustment for potert@ifounders
(including social class) did not alter the strengftlassociation.

Figure 7 - Relative risks and 95% Cis for risk of schemic heart disease (IHD)

associated with 1 kg higher birth weight.The individual study estimates are of the
association between birth weight and IHD incide(fe¢al and nonfatal combined) or,
when not available, IHD mortality or prevalence eTstatistical size of the study was
defined in terms of the inverse of the varianceth@ regression coefficient. Black
squares indicate the point estimate.for each sfwith area proportional to statistical
size), and the horizontal lines indicate the 95%dtlthe observed effect. The dotted
vertical line is the inverse variance—weighted esgion through the overall point
estimate, which is denoted as a diamond, represgtite 95% CI [Huxley et al., 2007].

First Author Effect size % Weinht
and Reference (95% CI
Stein [ 7] 1 0.56(0.15-2.04) 0.1
Roseboom [29] 037 (0,14 - 0.98) 0.2
Martin [37] 0.65( 0,30 - 1.39) 0.3
Forsen [27] i 0.75{ 0,46 - 1.21) 0.7
Leon [26] — 0.83 { 0.63 - 1.09) 2.2
Forsen [27) om 0.86 { 0.67 - 1.08) 2.8
Wadsworth [38) —a— 0.82{ 0.65 - 1.04) 2.8
Lawlor [36] —a i 0.62( 0,50 - 0.78) 30
Andersen [33] —— 0.86 { 0,69 - 1.08) 32
Frankel [24] —é—'—— 0.89(0,72-1.10) 3.5
Eriksson [ 30] om 0.74( 0.60 - 0.91) 36
Eriksson [35] | —m 1.03 ( 0.88 - 1.21) 6.4
Lawlor [34) —— 0.80 ( 0.68 - 0.94) 6.4
Gunnarsdottir [31] —a 0.87( 0.74 - 1.01) 6.9
Eriksson | 28] L 088 (0,77 - 1.01) B3
Leon [26] —l- 077 0,68 - 0.88) 9.3
Rich-Edwards [ 25] - 085 0,74 - 0.94) 18.6
Osmond [23] - 0.84(0.77-092) 21.8
COwverall ‘ 0.84 ( 0.81 - 0.88) 1000
I T T T
0.1 0.25 0.5 1 1.5
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190. One study, not included in this review, also repdra strong inverse
association between birthweight and CHD (p=0.0088},0only among those
above the highest tertile of BMI in later life [Fieel et al, 1996b]. Another
study reported a statistically insignificant asation [Fallet al, 1995],

191. The Nurse’s Health Cohort Study (included in thexldy review) found
that a higher BMI in adulthood was more stronglgaesated with risk for
CHD among women who were small at birth than theke were not [Rich-
Edwardset al, 2005].

192. Some studies have shown that other measures of aize body
composition at birth show stronger associationsh vatlult cardiovascular
outcome and risk. For example, low ponderal inaielirth increases the risk
of some cardiovascular outcomes, particularly CiHbBr§enet al, 1997] and
a decreased abdominal circumference at birth has Besociated positively
with raised serum triacylglycerol concentration®@tyears of age [Barket
al., 1993].

4.2.1.2Postnatal growth or size and CHD

193. A systematic review and meta-analysis of publistetddies from
developed countries related BMI between age 2-30sy& later CHD risk
(15 studies involving 731,337 participants and 93,8CHD events). It
revealed a non-statistically significant inversesaasation between BMI in
early childhood (2-6 years) and later CHD risk (BR4, 95% CI 0.82-1.07
[Owenet al;2009b]. However a consistently positive relasioip was found
from 7 years of age: BMI in later childhood (7 th8years) and in early adult
life (18-30 years) were both positively relatedlater CHD risk (RR 1.09,
95% CI 1.00, 1.20; RR 1.19, 95% CI 1.11, 1.29 respely) (Figure 8).
These associations were not_affected by adjustifntigarette smoking,
social class, blood pressure or blood cholestard, there was little effect of
gender and year of birth. The authors reported idersble heterogeneity
between study estimates:
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Figure 8 - Relative risk (95% CI) of coronary outcome fora 1 kg/m2 increase in BMI

(including studies with repeat measures of BMI)Box area of each study is proportional to the
inverse of the variance, with horizontal lines showtimg 95% CI. First author is indicated on the
y-axis, for males (M), females (F), mean age in aditey order of BMI assessment (years); with
reference citation in parenthesis [Owen et al., 2009b]

Study RS s weight
Young adults 18 o 3yrs
Galkanis M 25 (31) . 1.08(1.05 1.14) 138
Jaffreys 22 (33) + - 104 (099 1.09) 1138
Rosengren M 20 (d44) — - 1.01 (0.97,1.06) 14.0
Falkstedt b 15 [26) - 1.11 ¢ 1.08 113} 182
Yarnel b 18 {42) - 107 (1.02, 111} 133
Wilkstt F 18 [45) ] 142(1.08 1145} 172
Hoffmans M 18 (43) - 1.08(1.02 1.14) 107
Subtotal = 108 1.05 1,11} 1000
Children 7 1o <18 yrs
Lawilor M 17 (37) . DA5(084,107) 6.3
Biorae 17 (46} - 1.1 ¢ 1.08 1.13) M6
Must 13-18 (38) . 140102 119} 112
Barker 11 (11) 102085 109} 127
Gunnell 7-15 (32) - 1.08¢1.00, 117} 11.1
Eriksson M 7 (22} - 101 (095 108} 136
Baker 7 {10) 1.04 (102 1.05) 235
Subtotal - 1.0%5( 1.01, 1.09) 100.0
Childen <7yrs
Lawiar 5 {12} . L 099 (082 105 M7
Gunnell 2-6 (32) 1.08(090, 1.33) 194
Barker 2 (11) D — 067 (080, 094) 389
Subtotal —— 0,96 ( 0.86, 1.07} 1000
I
8 1 15 2
Helatwe nsk of CHD auteoms par Ko'm®
Early BMI protective Early BMI harmful
194.  Another systematic review, identifying four cohatudies (2 UK, 2

Finnish) relating-infant size or growth to IHD falithat larger weight, height
and BMI at 1 year were associated with reducedsrafeischaemic heart
disease (IHD) in men but not in women [Fiskeral, 2006]. This association
was independent of weight at birth.

195.

One of the studies included in this review desctibeFinnish cohort in

which weight and height were measured in the ¥iestr and nine more times
until"12 years of age [Erikssagt al, 2001]. Boys who developed CHD in
adulthood tended to be smaller than average at kind remained so in
infancy, but showed accelerated gain in weight body mass index (BMI)
thereafter. A broadly similar growth pattern wasetved among girls in the
same cohort who later developed CHD. The risk oDG#ents in adulthood
was thus related more to the tempo of change in Biing childhood than
the BMI at any particular age [Barketral, 2005].

196.

A long-term follow-up study also identified assdmas between BMI in

adolescence and later CHD risk [Engelanal, 2003]. This may however be
explained by the strong correlation of adolescent adult body mass index

[Guo & Chumlea, 1999].
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197. Body mass index in childhood is consistently relakengitudinally to
markers of CHD risk in young adults including iresed total and low
density lipoprotein (LDL) cholesterol concentrasoiblood pressure, insulin
resistance, levels of haemostatic factors and |dwgh density lipoprotein
(HDL) cholesterol concentration [Srinivasah al, 1996; Berensort al,
1998]. Cardiovascular risk profiles may be esgicianfavourable in
children with central adiposity [Daniets al, 1999].

198. Taller adults have lower all-cause mortality rdi&saler, 1984; Flouet
al., 1990; Jousilahtet al, 2000] and a reduced CVD risk relative to shorter
people [Paffenbarger and Wing, 1969; Wannameties., 1998; Forseret
al., 2000a; Jousilahtt al, 2000; Goldbourt and-Tanne; 2002; McCarein
al., 2002]. Observed associations between heighiCAfid risk tend to point
in the opposite direction to those observed witicea (see section 4.5).

199.  Studies from the UK Boyd Orr cohort suggest thgtlength, may be the
component of stature generating these associatimerreases in childhood leg
length, but not trunk length, were associated wigicreased coronary heart
disease mortality, but increased cancer risk rlbfie [Gunnellet al, 1998a;
Gunnellet al, 1998b]. This suggests an effect of factors afigcthe rate of
growth in infancy and early childhood (see sec8dn1l).

4.2.1.3Early feeding and CHD

200. A meta-analysis of observational studies from dgpedl countries,
combined with results from the UK Boyd Orr Cohatiowed little evidence
of an association of breastfeeding with later allse mortality (pooled ratio:
1.01, 95% CI 0.91, 1.13) or cardiovascular momga(it.96, 95% CI 0.94,
1.20) [Martin et al., 2004a]. Currently there isansistent evidence that being
breastfed influences adult cardiovascular mortality

201. It is difficult to establish the independent infhoe of early introduction
of solid foods on cardiovascular risk and cardicudesr outcome in later life,
as formula-fed infants tend to be introduced tadsobefore those breastfed
[Fosteret al, 1997; Hamlyret al, 2002]; the influence of diet quality at this
stage is also unclear.

202.  Observational studies of men and women born infbleighire in the
early part of the 20 century, have shown that men who were “weafted”
from breastmilk beyond one year had lower ratesCefD in adult life,
compared to those “weaned” earlier [Fall, 1992; Osdet al, 1993]. These
findings have not been replicated [Wingatdal, 1994].

Xxq\eaning” is not explicitly defined in the paper. It genbralefines the act of substituting other food
for the milk, but may also imply cessation of breastiegd
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4.2.1.4Social factors and CHD

203. Several studies have reported that adverse soai@lntstances in
childhood or adulthood are related to both prevedejwannametheet al,
1996] and incidence of CHD [Smitht al., 1990; Hebertet al., 1993;
Wannametheeet al., 1996; Brunneret al, 1999]. Nevertheless the
associations between postnatal growth rate and Q342 section 4.2.1.2
Postnatal growth or size and CHDpersist in a number of studies after
adjustment for markers of social status, includoggupation [Fallet al,
1995; Steiret al, 1996; Frankeét al, 1996b; Frankeét al, 1996a; Leoret
al., 1998; Koupiloveet al, 1999].

4.2.2 Blood pressure
4.2.2.1Maternal nutrient intake and blood pressure

204. A review identified five studies examining the tedaship between
maternal calcium intake and offspring blood pressuveta-analysis was
conducted on four that provided data (2 observatistudies and 2 RCTS).
This showed a weak association between higher matealcium intake in
pregnancy and lower offspring blood pressure, alghothe pooled estimate
of mean difference was not statistically significé0.83 mm Hg, 95% Cls -
2.06, 4.0) [Brioret al, 2008a].

205. A further review of maternal calcium supplementatinals conducted in
the USA, Argentina, Australia and Gambia similadegntified little evidence
of any effect of maternal calcium supplementatiarotispring blood pressure
[Hawkesworth, 2009].

206. In the Project Viva cohort study conducted in Mabssetts, United
States, there was an inverse association betwearondérimester
supplemental maternal calcium intake and systdtiod pressure in offspring
at 6 months. At 6-months of age, a systolic blooesgure difference of - 3.0
mmHg (95% ClI, — 4.9 to — 1.1) was observed for €s@h mg increment in
maternal calcium intake during pregnancy. Howewsr,3 years of age no
association between maternal calcium intake dupmegnancy and offspring
blood pressure was apparent [Bak&eal, 2008].

207. The Brion et al (2008a) review also identified fisgidies of maternal
prenatal protein and carbohydrate intake (4 obsena, 1 RCT). The
review concluded that there is little evidence thahaternal
protein/carbohydrate intake affect offspring bloptessure [Brionet al,
2008a].

208. Two further prospective studies in developed caest(not included in
Brion et al's review) have investigated the relasibip between protein:
carbohydrate ratio in the maternal diet and offgptlood pressure in adult
life. These reported inconsistent findings: onevwam a modest association
[Roseboonet al, 2001] but the other none [Heh al, 2005].
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4.2.2.2Birthweight and blood pressure

209. Most published studies have examined the relatipngbetween
birthweight alone and blood pressure, mainly irhhigcome populations but
occasionally in low income populations. Five systém reviews of the
birthweight-blood pressure association have beentified [Law & Shiell,
1996; Huxleyet al, 2000; Huxleyet al, 2002; Schluchter, 2003; Gamboed,
al., 2007].

210. The most recent, a meta-analysis of birthweight agstolic blood
pressure in adolescence and adulthood from 20 blafoservational studies
(197,954 people born between 1910-1987), found rverse association,
irrespective of adjustment for current body masg®in At 50 years of age the
estimated effect on systolic blood pressure was2-lamHg/kg birthweight
(95% confidence interval: -2.27, -0.77) in men ari80 mmHg/kg
birthweight (95% confidence interval: -3.85, -1.76) women. Publication
bias was minimised by inclusion of published angdubiished studies, and no
bias associated with strength of effect was ideatifGamborget al:, 2007].
The association was stronger in the older age graaupd among females than
males when limited to those with birthweightkg. The shape of the
association was linear_for males, but was inverted females with a
birthweight greater than 4kg.

211. Another meta-analysis of observational studiesiphbd prior to 2000,
included studies that provided quantitative-est@mabr reported on the
direction of the association [Huxlest al, 2002]. Of the 55 studies that
reported.a regression coefficient, 95% reportetheerse association.

212. Meta-analyses of regression coefficients (involva&$,235 individuals)
showed weaker associations among larger studiggmriHg/kg birthweight
for more than about 3000 participants, -1.5mmHdskthweight for 1000-
3000 participants, and -1.9mmHg/kg birthweight ftass than 1000
participants. This raises the possibility of pultion bias towards
preferentially publication of small studies showilagger effects [Huxleyet
al., 2002; Schluchter, 2003].

213. The weaker associations observed in large studoesdcpartly be
explained.-if recall of birthweight were unreliableSome of the studies
(particularly those with at least 1000 participantsieed relied on recall but
most ascertained birthweight from contemporaneeasrds. Estimates of the
effect size were similar in both types of study #md was also the case when
the 17 largest studies (involving at least 100Gigaants) were considered.
There was no relationship between birthweight agd at blood pressure
measurement, providing no evidence of altered effiee with age [Huxlegt
al., 2002].

214. The majority of studies used in the Huxley et @02) meta-analysis
were carried out in Europe and the USA, but findimgere not appreciably
different to those from Argentina, Brazil, Chinandaica, and South Africa
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[Huxley et al, 2002]. It nevertheless remains possible thathwiight
explains some of the large differences in blood sguee between
geographically dispersed populations [Marmot, 1984]

215. Adjustment for current body weight (often used iarlier studies)
appeared to amplify the association between birijiwteand blood pressure
by nearly a half (-0-6 mm Hg/kg birthweight withjastment for current
weight, reduced to —0-4 mm Hg/kg without adjusth@dtixley et al, 2002].
The inappropriateness of statistically adjustinge thssociation between
birthweight and blood pressure for current weighs lbeen highlighted by
others [Tuet al, 2005].

216. The estimate observed in 7 studies of monozygwiic pairs was similar
to that obtained in larger singleton studies will®@ or more participants (-
0.6mmHg/kg) but the relevance of twin studieshie tlevelopmental origins
hypothesis [Symondst al, 2000] is unclear since additional maternal and
fetal adaptations may occur.

217.  Afollow-up study of men and women born.during 1985found that an
increase in placental:birthweight ratio was asgediavith an increase in adult
blood pressure; mean systolic blood pressure rgsE5inmHg as placental
weight increased fromXklb to >1.5 Ib and fell by 11mmHg as birthweight
increased from 55 Ib to >7.5 Ib. The highest blood pressures vabserved
in individuals who had been small babies with laptgcentas [Barkeet al,
1990].

218. Overall, the epidemiological findings suggest thath 1kg increment in
birthweight is associated with a reduction in blgodssure of under 2mm Hg
in later life [Huxleyet al, 2000; Huxleyet al, 2002]. However some have
argued that this modest inverse association isirmoftdd public health
importance when compared to the magnitude of effassociated with later
interventions [Huxlet al., 2002].

4.2.2.3Early feeding and blood pressure

219." A systematic review and meta-analysis of the aasioci between infant
feeding and blood pressure in later life identifg&Istudies, all of which were
observational (from both developed and developiagntries), except one
randomised controlled trial of children who wererpature at birth [Oweat
al., 2003a]. Systolic blood pressure (SBP) was medasur infants, children
and adults; the pooled mean difference was lowénase breastfed compared
to those formula-fed (-1.10 mmHg, 95% CI -1.78,204#mHg), despite
considerable heterogeneity between studies (p<P.00Differences in
diastolic blood pressure were small and similarstadies of different sizes.

220. Analysis to explain the source of heterogeneitywst that age group
and length of gestation had no effect on SBP, thothge size of effect
decreased with increasing study size (Figure 9he Pooled estimate was
larger in the 16 studies that reported the asdonidietween initial feeding
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and blood pressure in later life than in the 1@istsl where data had been
obtained by request. These findings raise theilpigsof publication bias.

Figure 9 - Mean difference in systolic blood presse between those breastfed versus
formula-fed. Study author indicated on the y axis in descendimlgr of study size (N),
grouped into studies with N>1000, N=300 to 100@ Br300. Mean age (years) shown
in parenthesis. Combined random effects estimateeézh group shown by dashed
vertical line and diamond (95% CI1)[Owen et al., 28D
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221. Estimates of effects were similar in studies tlesiorded infant feeding
status from contemporary records to those basepaoental recall or self-
report in late life. They were unaltered by adjustinfor current body weight
or size.

222. The overall difference in SBP of 1.1 mmHg identifie the Owen et al
(2003) review seems modest but does not providernmdtion about the effect
of breastfeeding duration or exclusivity. Althougholonged breastfeeding
(including data on those breastfed for 1 year orendad no influence on
blood pressure in a larger study of approximat@@@adolescents throughout
England and Wales [Owest al, 2002], this issue requires further systematic
examination in relevant studies. The definition ‘tfreastfeeding” also
requires more explicit definition in such revievge¢ section 4.1.1).

223. A further meta-analysis of the association betwbesastfeeding and
blood pressure in later life [Martiat al, 2005b] included information from
15 studies (17,503 subjects) (from the United Komgd Finland, Holland,
Belgium, Italy, Czech Republic, Croatia, South Afj and Australia). Three
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studies were not available at the time of the eaneview [Owenet al.,
2003a] and two studies reported on follow-up intaldhood, one into
adulthood. Measurements in infancy and previouslgublished estimates
used in the earlier meta-analysis [Owetnal, 2003a] were excluded but a
similar pooled difference in SBP was obtained (pdodifference: —1.4
mmHg, 95% CI -2.2, —0.6). In the analyses, studiestrolling for
socioeconomic factors showed smaller systolic blpoessure differences
between breastfed and formula-fed subjects. ThHeoasireported evidence of
heterogeneity between study estimates.

224, The role of residual confounding in such studgesriclear, although two

studies have shown that the association is indegenadf socioeconomic
factors, maternal factors and anthropometric' markbtartin et al, 2004b;
Lawlor et al, 2005].

225. Results from the Avon Longitudinal. Study of Parearsd Children

(ALSPAC) found a positive association between sodiotake at 4 months
and systolic blood pressure at 7.years (after.mahadjustment for child age,
sex, energy). Sodium intake (measured using diet diar&s} months of 9
mmol per day was associated with an increase ohi#lag in systolic blood
pressure at 7 years. This was slightly attenuatiéer aadjustment for
breastfeeding [Brioet al.,2008b].

4.2.3 Blood cholesterol

4.2.3.1Birthweight-and blood cholesterol

226. The relationship between birthweight and adult dlobolesterol (mostly

total cholesterol) has been examined in a numberaafative reviews, but 4
systematic reviews of the literature were identifieaurenet al, 2003; Owen

et al, 2003b; Huxleyet al, 2004; Lawloret al, 2006], one of which

examined sex differences in the birthweight-blodwlesterol associations
[Lawlor et al, 2006].

227. . One of the systematic reviews included a meta-amalgf published

regression coefficients examining the change ialtoholesterol (TC) in a
range of different age groups, associated with edkd increment in
birthweight [Owenet al, 2003b]. Twenty-one out of 32 estimates (obtine
from 28 studies mostly developed countries, invagv23,247 individuals)
showed an overall inverse association betweenvigityht and total blood
cholesterol (Figure 10).

*i.e. energy adjusted sodium intake, not absolute sodiuneintak
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Figure 10 - Regression coefficients for the change total cholesterol (mmol/L) and 95%

Cl (horizontal lines) per 1 kg rise in birthweight for both males and femalesStudy author
indicated on the y-axis in ascending order of agean age shown in parenthesis). Combined
estimate based on a random effects model [Oweln, @083b]

Effect size

Study (95% CI) % Weight
Eriksson (70) —_—T— 0.07 (-0.16, 0.30) 1.4
Marty n (70) —_— -0.10 (-0.39, 0.18) 1.0
Fall (64) - -0.02 (-0.09, 0.05) 5.6
Roseboom (50) —_— -0.01 (-0.18, 0.16) 2.3
Vestbo (47) : -0.26 (-0.51,-0.01) 1.2
Mi (45) — -0.07 (-0.24, 0.09) 2.4
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228. The Owen et al (2003b) meta-analysis showed aofad.05 mmol/L
(95% CI from -0.08 to -0.02 mmol/L) in total chalesol per kilogram rise in
birthweight that was consistent between the seresdifferent age groups.
There was, however, a significant effect size déifiee between studies (test
for heterogeneity between studies P<0.001). Untile birthweight-blood
pressure relationship, adjustment for current bsidg and weight did not
materially affect the overall estimate and theres wdtle evidence of
publication bias [Owemt al, 2003b].

229. A further review including both published and unjisiied regression
coefficients from 58 studies (with 68,974 indivitk)aalluded to the presence
of publication bias and suggested that adjustmentctirrent weight may
unduly increase the inverse association betweethwmight and blood
cholesterol [Huxleet al, 2004]. However, an identical regression cogffit
to the earlier meta-analysis was obtained (a -th@l/L fall in serum total
cholesterol per kg rise in birthweight) [Huxleyal, 2004].

230. The most recent meta-analysis included a total 4f r8gression
coefficients from 30 studies in developed countr@sviding data on 33,650
males and 23,129 females [Lawlet al, 2006]. This observed a slightly
stronger inverse association in males comparedetnales. The pooled
within-study difference in age-adjusted regressamefficients was -0.03
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mmol/l (CI -0.06, -0.01), and the pooled withingyudifference in age and
body mass index adjusted regression coefficienss-@®4 mmol/l (CI-0.07, -
0.02).

231. The findings from these meta-analyses are consistéh those of a
systematic review of 39 studies (involving 28,5%8&lividuals including
children, adolescents and adults), showing a modssbciation between
birthweight and later serum lipid concentrationsliiding total cholesterol,
low density lipoprotein, and high density lipopriojgLaurenet al, 2003].

232. In summary, the epidemiological data therefore ssgghat there is a
small inverse association between birthweight Eter serum cholesterol
concentration.

4.2.3.2Early feeding and blood cholesterol

233. Two meta-analyses have examined the relationshigvea® infant
feeding and serum cholesterol in later life [Owetral, 2002; Oweret al.,
2008].

234. The first [Owenet al, 2002] identified 37 studies with 52 estimates
(10,681 individuals including infants, children adolescents, and adults) of
total cholesterol (TC) concentration in those bifeals compared to those
formula-fed. All were observational studies, mosthynducted in high-income
populations (Figure 11). Mean TC in infancy washieigin those breastfed
than formula fed infants (mean TC difference 0.85% CIl 0.50-0.79
mmol/L),  probably a consequence of the higher dtetel content of
breastmilk.

235. Mean TC in childhood.and adolescence showed nastens differences
but in adults was generally lower in those who hedn breastfed (mean TC
difference -0.18, 95% CI -0.30, -0.06 mmol/L). Although the overall
difference was modest (0.2 mmol/L), it was remalkadonsistent between
studies including subjects of different ages (frbmto 64 years) and years of
birth (from 1920 to 1975). This makes confoundiygsocial circumstances
unlikely, since the relation between social classl anfant feeding has
changed markedly during the®@entury. Persistence of the association after
adjustment for social class was also demonstraitdnwindividual studies
[Marmotet al, 1980]. The findings were unchanged when thduskeness
of feeding method (as defined by the study), oayléeb maternal recall of
feeding method were considered. Similar but wealssociations with LDL
were evident throughout.
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Figure 11 - Mean differences in total cholesterolnimol/L) and 95% confidence intervals

in infants, children, and adults, who were initialy breastfed versus formula-fed (total
cholesterol in those breastfed minus formula-fed). The box area is proportional to the
inverse of the variance, with horizontal lines shrmythe 95% confidence intervals of the mean
difference in cholesterol. The study author isigated on the y-axis in ascending age order.
Males (M), females (F), all (A), and mean age (ggare shown in parenthesis. The combined
estimate for each age group is shown by the dasbrtidal line and diamond (95% CI) [Owen
et al., 2002].
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236.  The more recent review found that mean total blobdlesterol was
0.04mmol/Llower in adulthood (>16y) among thoseowvere ever breastfed
than among those who were fed formula (Figure C®ydnet al.,2008]. The
difference was greater amongst studies that cordpaexclusive™
breastfeeding to formula (Figure 13). Adjustment potential confounders
including socioeconomic position, body mass indexJ smoking status in
adults had minimal effect on these estimates.

* The author of the review defined exclusive breastfeeyritpe WHO definition (i.e. breastfeeding
while giving no other food or liquid), although few stesliused this definition and exclusiveness of infant
feeding was based on classification given in individual steggnts, or where applicable, reported
directly by the author.
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Figure 12 - Mean (and 95% ClI) differences in blooatholesterol in breastfed versus bottle-
fed participants in 17 studies (16 crude estimate4, adjusted for age).The box area of each
study is proportional to the inverse of the vargnand the horizontal lines show the 95% CI.
First author is listed on the y-axis (numbers irep¢hesis refer to original citation in Owen et al
2008 paper); mean age is shown in ascending oft¥Eryrefers to male-only studies. The
pooled estimate based on a fixed-effects modebtasve by a dashed vertical line and95%
Cl) [Owen et al., 2008]

Figure 13 - Mean(and 95% CI) differences in blooatholesterol in breastfed versus bottle-
fed participants in 7 studies that reported exclusie breastfeeding or bottle-feeding in
early life. The box area of each study is proportional to thestise of the variance, and the
horizontal lines show the 95% CI. The first autisoisted on the y-axis (humbers in parenthesis
refer tooriginal citation in Owen et al 2008 pgpemd mean age (y) is given in ascending
order. The pooled estimate based on a fixed-effectdel is shown by a dashed vertical line
and (95% ClI) [Owen et al., 2008].

Effect size
Study (95%: CI) % Weight
Fal, 64y (15, 16) = 0.29(-0.70, 0.12) 4.3
Wadsworth, 53 y (35) [ | 010(0.22.003) 486
Lamonl, 50 y (24) T - 0.62 (-0.11, 1.36) 13
Williams, 27 y (34) | 014 (-0.31, 002 270
Raitakari, 26y (33, 40) —&— 041 (-0.80,-0.01) 47
Leason, 23 y [25) B -0.28 (-0.52.-0.04) 123
Kolacek, 20y (23) = -0.20(-0.64,024) 38
Owerall ; -0.15(-0.23.-0.06) 100.0
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237. Overall, the epidemiological data show that formidd infants have
lower blood cholesterol levels initially, howevedudts who were breastfed,
particularly if exclusively breastfed, have lowerlodd cholesterol
concentrations than those who were not breastfed.rechanism is unclear
but it has been hypothesised that early life exposubreastmilk may lead to
reduced cholesterol synthesis in later life.

4.2.4 Other cardiovascular outcomes
4.2.4.1Birthweight and other cardiovascular outcomes

238.  Lower birthweight has been related to haemorrhstgake [Hypponeret
al., 2001], atherosclerotic changes [Margtral,1998; Galeet al, 2002] and
adverse haemostatic profile (including elevatectlewf serum fibrinogen)
[Barkeret al, 1992], although these associations have notyallwaen found
[Tilling et al, 2004]. Compared to the number of studies regabirthweight
to coronary heart disease too few-have examinedskeciation with other
cardiovascular outcomes for the consistency of@agons to be evaluated.

4.3 Body composition
4.3.1 Birthweight and later body composition

239. The majority of studies have examined associati@i&een birthweight
and later BMI as an indicator of adiposity. Twatgmatic reviews [Parsons
et al, 1999; Rogers, 2003] of studies in mainly devetbountries have
concluded that there is a positive association detwbirthweight, attained
BMI and prevalence of obesity (as defined by BMi) later life. The
association was strongest in children and youndtadawt weakened in
middle aged adults [Rogers, 2003]. Heterogeneitythe presentation of
results obviated meta-analysis but two additiohadies have estimated that a
1 kg increment in birthweight is associated with.a to 0.7 kg/m? rise in the
BMI of young adults [Sorenseet al, 1997; Loo<t al, 2001].

240. . Some studies suggest that both low and high biititweare associated
with subsequent obesity risk in young adults anébtliedn (as defined using
BMI), implying a J-shaped or U-shaped relationsflRmgers, 2003]. The
confounding influence of parental BMI, however, ded¢o be established, as
this could account for the positive association epbsd between high
birthweight and subsequent BMI.

241. Few studies have explored the relationship betwsiethweight and
measures of body composition other than BMI. Oneiere observed
inconsistent associations [Welid al, 2007a]. In this review, one study of
over 6,000 9-10 year old children observed thahwigight was positively
correlated with both lean body mass and total biady(assessed by dual-
energy x-ray absorptiometry) after adjustment forrent height. Some
studies cited in this review indicated that relasloips with ponderal index at
birth were even stronger.
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242.  One study included in the Wellst al, (2007) review examined the
relationship between birthweight and body compesitat birth in Indian
neonates relative to babies in the UK [Yajmk al, 2003]. The Indian
neonates showed much reduced birthweight and veaistimference, but
more modest deficits in skinfold thickness, espbcian the trunk. The
Indian neonates had reduced lean mass, but trdatdiormed a higher
proportion of fat mass at birth.

243. Compared with UK adults, the average adult fromdraf similar height
and weight also has a greater fat mass and greatgral fat distribution
[Yajnik, 2002]. This is associated with increasésk rof ‘heart disease and
metabolic syndrome. The presence of this pattebodf composition at birth
suggests that it cannot be entirely attributed dpeats of diet or lifestyle
during adulthood [Yajnilet al, 2003].

244. A retrospective study (included in the Weés al, 2007a review) of
older adults born in Hertfordshire reported an eased percentage fat mass,
total and central fat mass after adjusting for a8l in those who were of
low birthweight (mean 2.76 kg), relative to thogeh@h birthweight (mean
4.23 kg) [Kensarat al, 2005]. Low birthweight subjects are also shdwn
have lower energy expenditure [Kensatal, 2006] which may be related to
their lower fat-free mass (FFM)... Adjusting for #BMI however leaves
doubt as to whether the association of birthweigith low lean body mass
was truly programmed before birth [Wekl$ al, 2007a] or whether growth
patterns induced by factors operating between lainith follow-up are more
responsible [Lucast al, 1999].

245. A cross-sectional study of 8760 adults born in ks published since
the Wellset al; (2007a) review; found that birthweight was siigaintly
correlated with lean body mass but not fat mas4 (@ increase in birth
weight corresponded.in men to a 4.1 kg (95% CI; 8.1) and in women to a
2.9 kg (2.1, 3.6) increase in adult lean mass)s &ssociation was unaffected
after adjustment for age, adult body size, physamivity, smoking status,
social class and maternal size [Yliharséa al, 2007]. The association
between birthweight and later BMI, may not therefoeflect truly increased
adiposity [Rogers, 2003]. Another study in childrebserved a significant
positive association between birthweight and hefgkplaining an increasing
proportion of the variability up to 5 y of age € 0.194;r = 0.440;P = 0.001)
and decreasing thereaftef € 0.103 at 7.8 y of age= 0.320;P = 0.003).
Childhood fat mass was negatively associated withveeight (an increase in
birth weight of 1 SD was associated with a decredse95% fat P = 0.012)
and independent of a number of factors adjustefHia et al, 2007]

246. In summary, there is evidence that higher birthWweig associated with
higher BMI in later life though there remains sodwmubt about what BMI
reflects in terms of body composition in this cowitd he few studies of body
composition that have been able to resolve sepwrtie fat and lean mass
components suggest that higher birthweight mayr lage associated with
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relatively greater lean mass, whereas lower biritjateis associated later
with relatively greater fat mass. However, this sloet necessarily confirm a
direct link between birthweight and central fattdimition.

4.3.2 Postnatal growth and body composition

247. Observational studies in industrialised countrievehalso associated
rapid infancy weight gain with later obesity (defih by BMI or skinfold
thickness) in childhood and adulthood [StettlerQZ)0 This has also been
associated with an increase in fat mass, adjustelgight.

248. A systematic review of 22 cohort and two.case-@rdgtudies (mostly
based in developed countries) [Bagtal, 2005] concluded that those who
were at the highest end of the distribution for giior BMI in infancy, or
those who grow rapidly during infancy, were at @ased risk of subsequent
obesity (defined by BMI) as children and adults.

249. Two further systematic reviews of studies mainlynir developed
countries have examined the relationship betweegnd raveight gain in
infancy and later obesity [Monteiro & Victora, 20Bng & Loos, 2006]. The
first indicated that rapid growth during the fig&ars of life is associated with
the prevalence of obesity later in life [Monteiro\&ctora, 2005]. The most
recent [Ong & Loos, 2006], which identified 21 seg] also concluded that
there is strong association between rapid weigit igainfancy and later risk
of obesity. Subsequently published results fronssreectional [Dennisoet
al., 2006] and longitudinal studies [Dubois & Giraf06; Karaolis-Danckett
et al, 2006] have confirmed these conclusions.

250. It has been suggested that associations betweent inmkeight gain and
later body composition may_vary between developed aeveloping
countries [Wellset al, 2007a]. Studies suggest that infant weight dgain
positively associated with weight, height and leaass, but only those
conducted In. developed countries have found a ipesissociation
specifically with adult fat mass [lat al, 2003; Wellset al, 2005]. This may
reflect a need for infants in developing countriesdirect energy towards
reducing deficits in lean mass present at birthenehs in developed countries
additional energy is stored as fat mass.

251. The impact of postnatal growth on later body contpmos is not
restricted to infancy. Rapid weight gain duringlaimood is also associated
with increased risk of obesity later, as definedibjl [Cole, 2004a].

4.3.3 Early feeding and later body composition

252. Two meta-analyses suggest that breastfeeding,ivelddb formula
feeding, is associated with a decreased risk dfr l@hildhood obesity
(analysis included children 5 and 18 years) [Arenzal, 2004] and adult
obesity [Oweret al, 2005] defined by BMI. The first was a systemagiciew
and meta-analysis of nine published epidemiologistaldies, all from
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developed countries,and including >69,000 individjArenzet al, 2004]. It

showed that breastfeeding reduced the risk of obé&siin childhood

significantly (adjusted odds ratio 0.78, 95% CI10.0.85) and this was
unaffected by adjustment of a number of confound@re second meta-
analysis [Owenet al, 2005] identifying 28 studies providing odds oati
(298,900 subjects) also reported a reduced riskbesity™" (OR: 0.87 95%
Cl1 0.85, 0.89). Both studies identified categoreadl dose-response effects.

253.  Another meta-analysis of studies based in developaahtries also
observed an inverse dose-response association dietwkiration of
breastfeeding and risk of overweight, as categoriseBMI (no definition of
overweight was used) [Hardet al, 2005] (Figure 14).- Up to 9 months’
duration, each month of breastfeeding was assaciaith a 4% decrease in
risk (odds ratio 0.96 per month of breastfeedin§%9Cl 0.94-0.98).
However, the association between early feeding lated body size may be
influenced by confounding factors, such. as matetaly. size, maternal
smoking and socio-demographic factors.

Figure 14 - Odds ratios (with corresponding 95% cofidence intervals in
parentheses) for overweight, per month of breastfeling. Studies are ordered
alphabetically by first author. The pooled or “cbimed’” odds ratio (OR) was calculated
[Harder et al., 2005]

254. The Southampton Women's Survey (SWS) found a Staily
significant association between longer duratiobrefastfeeding and lower fat
mass at 4 years (measured by DXA). The fat mashildren breastfed for
12 months or more was 4.5kg (95% CI 4.3 — 4.7 kgnpared with 5.0kg

XXii Lo . . . . . —_ .
Studies included in the systematic review usectdfit percentiles for the definition of obesityt the author reports the

results were comparable and the sensitivity arabisowed no difference between a cutoff at the, @&th and 97th percentile.
o Definition of obesity equivalent t95th percentile, 95th te97th percentile, ar97th percentile of BMI
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(95% CI 4.7 — 5.3kg) in children never breastfetisTwas unaffected by
adjustment for confounders including a range of emstl factors, infant
birthweight and age of introduction of solids [Radonet al, 2009]. There
was a weak inverse associatidh £ 0.034) between age of introduction of
solid foods and fat mass at 4 years of age, b thsappeared after
adjustment for confounders. No associations werendowith BMI, but
overweight and obese childréi tended to be breastfed for shorter periods.
Other studies that have measured fat mass andemtshass, have not
confirmed a reduced risk of adiposity, where nooeisdion was observed
after adjustment for confounders [Victagal, 2003; Toschket al, 2007].

4.4 Diabetes and glucose intolerance

4.4.1 Birthweight, glucose intolerance and diabetes

255.  Three narrative reviews of literature relating liveight to diabetic risk

factors or type 2 diabetes were identified [Holnessl, 2000; Bertram &
Hanson, 2001; Byrne, 2001].-Two systematic revigwee with meta-
analysis) have also examined the association betwsghweight and
diabetes or impaired glucose tolerance in adudt [Newsomeet al, 2003;
Whincup et al, 2008]. ‘Most of the studies identified were paried in
developed countries.

256. Most of the studies identified in the first revigMewsomeet al, 2003]

reported inverse associations between birthweigtitraarkers of diabetes; 15
out of 25 (60%) showed an inverse association fégting plasma glucose,
20 out of 26 (77%) with fasting plasma insulin, a@®&out of 16 (81%) with

the prevalence of type 2 diabetes. The inversecaggms reported were not
explained by inter-study differences in gender,, amgecurrent weight and
BMI. The authors did not attempt meta-analysis.

257. Results from the most recent meta-analytic revidMhipcup et al,

2008] are nevertheless consistent with these fgsdihow birth weight (<2.5

kg) was assaciated with an increased risk of ®mHabetes: 23 out of 31
studies reported inverse associations betweenn@rgint and type 2 diabetes
associations. In 9 they were statistically sigafit The inverse pattern of
association extended to birth weights of at leakg3although the authors
could not exclude a modest positive associatiowden birth weight and type
2 diabetes association at birth weights exceedirig.4Overall each 1 kg

increment in birthweight was associated with a 2@¥uction in the odds of
later developing type 2 diabetes (Odds Ratio 0B®@2-0.89) (Figure 15)

Adjustment for socioeconomic status did not afféee association but
adjustment for current body mass index slightly rsttéened it.

258. The review by Whincupet al (2008) indicated that in all populations,

excluding North American Indians and one group dfit&/ Canadians, the

*V according to the International Obesity Taskforce cutfoff®@verweight and obesity
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relationship between birthweight and adult diabdtgse 2) risk is strongly
inverse. There was no firm evidence of publicabas.

Figure 15 - Odds Ratios of Type 2 Diabetes per 1-kg Increase iBirth Weight
[Whincup et al, 2008].The ORs for type 2 diabetes for a 1-kg increadairih weight,
adjusted for age and sex, are shown for all stughylations, ranked by age at outcome.

259. . Another meta-analysis also observed an associalietween low
birthweight (<2500g) and increased risk of type iabdtes (non-insulin
dependent diabetes mellitus) in adults (OR 1.3206961: 1.06, 1.64).
However in this study a similar increase in rislR(@.27, 95% CI: 1.01, 1.59)
was attributable to birthweight exceeding 40009 parad with birth weight
<4000g [Harderet al, 2007]. Thus overall a U-shaped relationship was
identified.

260. There is a well-established association between peeoxisome
proliferator-activated receptor (PPABJ-gene and type 2 diabetes. In people
of low birthweight, the Prol12Pro polymorphism oketPPARe2 gene has
been shown to be associated with increased insediistance, and elevated
plasma insulin concentrations in later life [Erimset al., 2002]. This
association was not observed in people with notoréthweights suggesting
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that the fetal environment interacts with the dafeaf the PPAR-2 Pro12Ala
polymorphism to modify the expression of PPARIater in life.

261. The relationship between type 1 diabetes and baidpwt has been less
frequently studied though a meta-analytic revieenitfied increased risk of
among those of higher birthweight [Hardral.,2009]. This observation was
guestioned on grounds of reported publication hiasatisfactory adjustment
for confounders and inclusion of duplicate cases{@ell & Patterson 2009].

262. In summary, the epidemiological evidence suggediat tlower
birthweight is associated with greater risk of inn@d glucose tolerance or
type 2 diabetes in later life. This finding is cmtent with the observation that
lower birthweight is associated with relatively gier fat than lean mass in
later life.

4.4.2 Postnatal growth, glucose intolerance and diabetes

263. Risk for many aspects of metabolic syndrome appgigatest in those
born small who subsequently gain the most weiglatviiekaret al, 1999;
Barkeret al, 2002].

264. A longitudinal study of 8760 subjects born in Heddgk (1934-1944)
showed that type 2 diabetes in adult life was aasedt with earlier adiposity
rebound. The risk of later type 2 diabetes fell from 8.&¥those showing
adiposity rebound before the age of 5-years to la@%ng those in whom it
occurred after 7-years of age. Earlier adiposibotend was preceded by low
ponderaliindex at birthp€0.001), low BMI at 1-year of age, low weight at 1-
year and low weight velocity during infancgurrent BMI of these subjects
was not known [Erikssoet al, 2003].

265. The early life growth patterns of individuals inigshcohort who later
developed who developed coronary heart disease jQid8embled those
preceding type 2 diabetes. Both groups showed lolighweight and
thinness at 1 year of age, followed by the attamod higher body mass
index later in childhood. Most subjects who develbpype 2 diabetes in this
cohort were not obese during childhood [Erikss@9&2.

266. Early adiposity rebound in the 1946 British birtohort was also
associated with significantly increased risk ofaybdiabetes at 31 to 53 years
of age. The association was independent of birtipmedut slightly attenuated
by adjustment for sex and adult height (p=0.008)was not statistically
significant after adjustment for sex and adult BNKfi=0.1), or further
adjustment for birthweight, weight at 2 years, addight, social class and
parental diabetes (p=0.4) [Wadswoethal, 2005].

¥ “Early adiposity rebound” — the early age-related efallyin BMI was followed by an increase before
6 years of age, the average (SD) in this study b&i®g1.0) years [Eriksson et al, 2003].
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267. A prospective, population-based study in India olEsg an association
between thinness in infancy and impaired glucoserdance or diabetes in
young adult life [Bhargavat al, 2004]. Glucose tolerance and plasma insulin
concentrations were measured in 1492 men and wagea 26 to 32 years,
who had been measured at birth and at intervalthife to six months
throughout infancy, childhood, and adolescence.aineg glucose tolerance
or diabetes was associated with low BMI up to the af 2 years, followed by
an early adiposity rebound and accelerated increa8&MI until adulthood.
However, none of the subjects was obese at age 12.

4.4.3 Early feeding, glucose intolerance and diabetes

268. A meta-analysis examining the influence of initiséastfeeding on type
2 diabetes, and blood glucose and insulin concemtisa[Owenet al., 2006],
observed that breastfeeding in infancy (relativefaomula feeding) was
associated with a modest reduction in risk.of {§pkabetes (Odds Ratio 0.61
95% CI 0.44, 0.85). The analysis incorporated dieti(3 conducted in North
America and 4 Europe) which recruited 76,744 sttbjeAmongst non-
diabetic subjects those who were breastfed shov@der fasting insulin
concentrations in later life.

269. Studies of Pima Indians. in the US and those bavorat the time of the
Dutch Famine (1943-1947) have shown that thosestesh (according to
contemporaneous feeding records) have less insedistance and glucose
intolerance than those formula-fed [Petéttal,1997; Ravelliet al, 2000].
A small case-control study of Native Canadians stbwhat those breastfed
were at lower risk of type 2 diabetes in childhdatung et al, 2002],
although bias in the recall of infant feeding piees by parental or caregiver
interview cannot be excluded.

270.  Overall, the epidemiological evidence suggests itfifants who are not
breastfed are at greater risk of type 2 diabetéstén life.

271. A short duration of breastfeeding and early intiithn of cow’s milk
have been reported to be associated with an irede@sk of type | diabetes
[Borch-Johnsemt al, 1984; Gerstein, 1994] and it has been hypotadsisat
breastmilk may protect against early development tyge | diabetes
[Schrezenmeir & Jagla, 2000; Shehadehl, 2001].

272.  Association between type 1 diabetes and infantifgedhethod has
mainly been observed in childhood case-controlistudtilising retrospective
ascertainment of infant feeding practices [Visallial, 2003; EURODIAS
Substudy 2 Study Group, 2002]. This raises thesipoy of recall bias, an
explanation supported by further meta-analysis ofcase-control studies
demonstrating little effect in studies based ontemporaneous feeding
records [Norris & Scott, 1996]. More recent stgdibat have included a
prospective nested case-control design have signifailed to observe an
effect [Thorsdottiret al, 2000; Virtaneret al, 2000]. Overall there is little
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current evidence to support an effect of infantdfie@ method on the
pathogenesis of type | diabetes.

45 Cancer
45.1 Child leukaemia

4.5.1.1Maternal nutrient intake and child leukaemia

273. A case-control study in Western Australia obserae®D% reduced risk
of acute lymphocytic leukemia (ALL) in the offspgirof.mothers who took
iron and folate supplements in pregnancy. Birthsvben 1984 and 1992 were
studied, including 83 children with acute lymphecyteukemia, and 166
controls of matched background (ages 0 to 14 ye@h® reduction appeared
principally attributable to folate intake since samption of iron supplements
alone was associated with a reduction of only 25#®ompsoret al, 2001].

4.5.1.2Birthweight and child leukaemia

274. High birthweight has been associated with increassd of childhood
leukaemia. A meta-analysis identified 18 studiEs ¢ase-control; 2 “case-
referent™" and 1 cohort study) including 10,282 children wigukaemia
[Hjalgrim et al, 2003]. Those with_birthweight of 4,000 g or mdrad a
higher risk of ALL than those who weighed less (DR6, 95% CI1 1.17, 1.37)
and a graded effect was observed. Similarly a graderease in risk of acute
myeloid leukaemia (AML) was observed among childnezighing 4,000 g or
more at birth (OR 1.27, 95% CI: 0.73, 2.20) butr¢hevas more variation
between study results (see Figure 16).

*V Birth weights of cases were compared with birth weigference data.
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Figure 16 - Study-specific crude odds ratios for le&kemia, per 1,000-g increase in
birthweight for acute lymphoblastic leukemia (ALL) and leukemia combined
[Hjalgrim et al., 2003]

275. A population-based, case-control study (3,812 QasesDenmark,
Sweden; Norway, and Iceland noted that risk of Ablt not AML was
positively associated with birthweight [Hjalgriet al, 2004]. A prospective
study in Israel (n=86,604; 65 cases of childhoodkémia) observed a
positive linear relationship between birthweightdaimoth AML and ALL
[Paltielet al, 2004].

276. A cohort of 576,593 infants born in Australia wéolowed from birth
to diagnosis of ALL (243 cases) or AML (36 casesjobe the age of 15
years, death, or the end of follow-up [Mileeal, 2007]. Risk of ALL was
positively associated with the proportion of “opaifh birthweight
achieved"". The effect was strongest among children younigan 5 years,
in whom the association was not altered by excldmgh birthweight
(defined'as >3,500 g, >3,800 g and >4,000 g) babies

277. In summary, the epidemiological evidence (primafityn case control
studies) consistently indicates that greater bieilgivt is associated with

xuii “Optimal birthweight” was calculated by adjusting birttight for gestation, maternal height, parity,

and infant sex, and comparing this to that expected in a poputdtsingleton births with no recorded
pathological factors constraining fetal growth, includinrgtennal smoking [Blaiet al.,2005].
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increased risk of ALL but there is inconsistentdevice of a relationship with
AML.

4.5.1.3Early feeding and childhood cancers

278. A meta-analysis of 24 case control studies and lortmested case-
control studies, mainly from developed countriesevieed a lower risk of
childhood cancer amongst those who had been bedadthe pooled ORs for
breastfed infants, as opposed to those never brdastere 0.91 (95% CI
0.84-0.98) for acute lymphoblastic leukaemia, 0(B6% 0.60-0.97) for
Hodgkin's disease and 0.59 (95%CI 0.44-0.78) farel@astoma [Martiret
al., 2005a]. Eighty five per cent of the studiese@lon long-term recall of
feeding history and exclusivity of breastfeedingsveaamined in only 8%

45.2 Breast cancer

4.5.2.1Birthweight, size at birth and breast cancer

279. The most recent meta-analysis of the_ relationskeipvéen. birthweight,
size at birth and breast cancer (including 32 stufliom developed countries
and a total 22,508 breast cancer cases) found mtedeositive associations in
studies based on birth records [dos Santos Sitval., 2008]. The risk of
breast cancer rose with Increasing birthweight, gllen and head
circumference. A 0.5kg increment in.birthweight wassociated with a
significant increase in risk (pooled RR 1.06 (95%1®2-1.09);p = 0.002).
Women who were 51 cm long at birth showed a 17% (95% CI 2%—-35%)
greater risk of developing breast cancer relativihbse who measured 49.0 —
49.9cm, whilst those who a head circumference rat bB5 cm had an 11%
increase (95% Cl 5% to 29%) in risk relative toode whose head
circumference measured 33.0 = 33.9 cm. These efieete not confounded
by known breast cancer risk factors (including meieage, maternal parity
and maternal birth size) nor moderated by age asmbpausal status.

280. A review including 4 cohort and 12 case-controtigs investigating the
association between several early life exposurdsbasast cancer [Formant
al,, 2005] showed that heavier babies (birthweigh®00g) experienced an
increased risk of premenopausal breast cancer cechga those of lower
weight (2500-2999¢). Evidence relating to postnpenusal breast cancer was
inconsistent. Amongst studies in which birth lengidis positively associated
with breast cancer risk the effect size was grethin for birthweight alone.
A systematic review by Okasled al (2003) which investigated the influence
of a number of early life exposures also concluithed there was evidence of
a positive relationship between birthweight andabtecancer, primarily from
cohort studies.

281. The World Cancer Research Fund systematic reviewtiiied 6 cohort
studies and 4 case-control studies, concluding tratater birthweight
‘probably’ increases risk of pre-menopausal breasicer. Meta-analysis of
the cohort data showed an 8 percent increase k pe& kilogram of
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birthweight (OR 1.08, 95% CI 1.04-1.13) [World CandResearch Fund /
American Institute for Cancer Research, 2007]. Nsoaiation was found
between birthweight and postmenopausal breast cance

282. A study of 475 women born around the 1944-1945 Bd#mine has
shown that those exposed to famine in utero magufntly reported breast
cancer than unexposed women. The birthweights of@vowith breast cancer
(mean 3191g) did not differ significantly from tleosf women without breast
cancer (mean 3296g). The effect was largest, aatistitally significant,
among women who were conceived during the famiménfBret al, 2006].
Roseboorret al (2006) also found that women exposed early in féeawere
at increased risk of breast cancer.

283. In summary, there is consistent evidence that lbibgbies are at greater
risk of breast cancer, particularly premenopausab$t cancer. However,
birthweight itself does not capture the complexifythe relationship. Where
studied length at birth appears to exert a strorgféect than weight,
emphasising the importance of distinguishing betwbithweight, size and
body composition.

4.5.2.2Postnatal growth and breast cancer

284. Greater body fatness during childhood and adolescemas been
associated with decreased incidence of premenopaunsapostmenopausal
breast cancer in several retrospective and praspestudies [Le Marchaneit
al., 1988; Berkeyet al, 1999; Hilakivi-Clarkeet al, 2001; Ahlgrenet al,
2004; Weiderpasst al, 2004; De Stavolat al, 2004; Baeet al, 2005a]. No
systematic review or meta-analysis was identified.

285. A prospective study of Danish women (n=117,415;0884ses) found
independent risk factors for breast cancer (reptese both pre and
postmenopausal) included early age at peak groeltcity, tall stature at 14
years of age, low BMI at 14 years of age and higiwgh rate in childhood,
particularly around puberty (8 to 14 years of dédligrenet al, 2004].

286. A cohort study of 3447 women born in Helsinki afsand that at each
age from 7-15 years, women developing postmenophtesast cancer later in
life were on average taller and had lower BMI (®&0at each age) [Hilakivi-
Clarkeet al, 2001]. Another prospective study of 99,717 worreNorway
and Sweden found an association with premenopa&asaler, where women
taller than 160cm had a 30% increased risk compaithdshorter individuals,
but there was no evidence for a linear associfidgiderpas®t al, 2004].

287. A British cohort study following 2,176 girls for S5fears identified 57
cases of breast cancer (including both pre andnmostpausal). Risk was
increased amongst those showing fastest growtkeighhbetween 4-7 years
(OR = 1.54 per SD increase in height velocity, 98% 1.13, 2.09) and
between 11-15 years (OR = 1.29 per SD of heighboitgl, 95% CI: 0.97,
1.71). In contrast, risk fell with greater body masdex velocity at age 2-4
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years (OR = 0.63 per SD increase in BMI velocitg¥® Cl: 0.48, 0.83).
These effects were most marked in women who atiaamenarche before the
age of 12.5 years [De Stavadaal, 2004].

288. A matched case-control study nested in an histodohort of 30,084
women born in Hawaii [Le Marchandt al, 1988], found a statistically
significant negative association between adoledoedy mass (girls aged 10-
14 years) and premenopausal breast cancer (p=0.0b#) association was
strongest in those overweight who remained overeig adulthood, and
early age weight, height and body surface area wet@ssociated with pre-
or postmenopausal cancer.

289. Analysis of 65,140 women in the Nurse’s Health $ttmlnd that later
menarche (RR = 0.52 forl5 years vs. ¥l years) and more body fatness at
age 10 years (RR = 0.60 for fattest vs. leanestewsssociated with a
decreased risk of premenopausal ‘breast carcinorh@seTl associations
remained after adjustment for a number of confotsfigerkeyet al, 1999].

290. Analysis of 109,267 premenopausal women from thesé&ls Health
Study Il found an inverse association between Hatlyess at age 5, 10 and
20 years and premenopausal breast cancer (RR£IR%B8CI 0.35-0.55) and
0.57 (95% CI 0.39-0.83) for the most overweight pamed with the most
lean in childhood and adolescence, respectiveligh 8light attenuation after
adjustment for later BMI (RR = 0.52 (95% CI 0.38-D[Baeret al, 2005a].

291. In summary faster than average height growth itdbbod is associated
with increased risk of breast cancer, particulaflyaccompanied by an
increase in BMI which is slower than average.

4.5.2.3Early feeding and breast cancer

292. A meta-analysis of 8 case-control and 3 cohortétestise-control (n=3)
studies identified 11,564 breast cancer cases otind no association
between overall risk of breast cancer and evergobirastfed [Martiret al.,
2005e] . Sub-analysis of the 3,347 cases of prepaarsal breast cancer in 9
studies however identified some reduction in rigk 0.88, 95% CI 0.79 to
0.98).

4 5.3 Colorectal cancer

4.5.3.1Birthweight, length at birth and colorectal cancer

293. A British prospective study of 11,857 individualbserved a J-shaped
relation between self-reported birthweight and sagbent risk of colorectal
cancer in both men and women [Sanéhwal, 2002]. Relative to a reference
group weighing 2500-3249¢g, the age and sex adjusdedrd ratio for people
born with birthweight >4000g was 2.57 (95% CI 18.34). There was also
evidence that low birthweight babies (<2500g) wetke increased risk
compared to the reference group (2.57 95% CI hI1AL).
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294. A prospective study of 35,697 people in Norwayngsiegistry data on
birthweight and size, observed a higher risk oboattal cancer (RR 1.9 95%
Cl 1.0, 3.7) in men with shorter birth length [Mifset al, 2005a]. Similar
associations were found for birthweight and headuonference, but among
women there was no association with birthweighdroy other dimensions.

295. The evidence associating birthweight and risk dbmaztal cancer is
therefore inconclusive at present.

4.5.4 Prostate cancer

4.5.4.1Birthweight, size and body composition at birtl gmostate cancer

296. A Swedish study identified 21 cases among 366 ménkrmown
birthweight who had been recruited to a cohortwindl913. The incidence
of prostate cancer to be about five times highethm highest quartile of
birthweight than in other birthweight groups: inente was 6.00 per 1,000
person years in the highest percentile categoryciwihad median birthweight
4850g) compared to 1.07 in the lowest category {amedirthweight 26409)
[Tibblin et al, 1995].

297. However, no